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Fig. 4 Relationship between the flow velocity of keyhole
wall and time at different melting droplet location.
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melting droplet location and laser center L =2 mm
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Table 2 Flow velocity of keyhole wall under different
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Keyhole shapes of different droplet location. (a) L = 1 mm, t = 440 ms; (b) L =1 mm, ¢t = 466 ms; (c) L = 1 mm,
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25

8
(=]
T

—
W
T

—
(=)
T

RLALFF I A D/mm

o
[
T

0 1 1
440 450 460 470 480 490 500 510
s E] t/ms

Bl 6 AREFHERRILFOERKINER
Fig. 6 Fluctuation of the diameter above the keyhole at
different droplet location

3 i

(1) #5371 5A06 F3 5 4 HOE-MIG & & 124
EA TR A T, 15 20O E-MIG & & 18 505
T REFL AR SZ ], TR A it v R 2 1 3 1] A 38
St BROAE 7 1) 3 %ot R L B ) b i S R LA 5 Y
FEFA.

(2) Y4 T AL BRSO IEAE H o A
B (L =1 mm), RFLEERPEBIHE BN 1.07 mys,
LR LR TET VA SR U0 S 3 A B 1 BT, AT
X REFL I e A AR, R (R L B 5 1 & A= P4
A, R R R e

(3) Bt v v BRSO RO FE B L D, R
FL_E Ty B AR BTN, SR B LR S e
JITU/IN, DTS -3 Rl B 7R 2L FL S BB Y 22K

5, RIEOLRE R AR R Wi, INTTREAIR T 2 A48
Tt PP HOERER I M TR,

SE 3k

[1] Bhsfe. WO S AR IR KOk o (], SR E,
2008(9): 1 — 5.

Zhong Baohua. Present situation and development trend of the ap-
plication of laser welding technology[J]. Modern Welding Tech-
nology, 2008(9): 1 — 5.

[2] Steen W M. Arc augmented laser processing of materials[J].
Journal of Applied Physics, 1980, 51(11): 5636 — 5641.

[3] Stute U, Kling R, Hermsdorf J. Interaction between electrical arc
and Nd: YAG laser radiation[J]. CIRP Annals-Manufacturing
Technology, 2007, 56(1): 197 — 200.

[4] XU H. AR AR AR 50 78 (Rl BRIOG-MIG & & M8 T 268 5% [J].
N FHBOE, 2016(3): 326 — 330.

Liu Yongxiang. Study of laser-MIG hybrid welding of thick mild
steel plates with a narrow gap[J]. Applied Laser, 2016(3): 326 —
330.

[5] &k BOL-MIG &1 BRI i ini 7 iU BB 5347 [D].
PrR: IR, 2017.

Xu Jianxia. Numerical simulation of thermal process and fluid
flow in Laser-MIG hybrid weld pool[D]. Jinan: Shandong Uni-
versity, 2017.

[6] 45, ey, ZEE, 55 B0t + GMAW Z & AJRRIRAE L

TERVBAER- 1T 2B AP R /R IR (0], 4 )8 2440,
2008, 44(6): 641 — 646.
Xu Guoxiang, Wu Chuansong, Qin Guoliang, et a/. Numerical
simulation of weld formation in laser + GMAW hybrid welding-
II. Combined volumetric distribution mode of hybrid welding
heat source[J]. Acta Metallurgica Sinica, 2008, 44(6): 641 — 646.

[7] Chen X, Yu G, He X, et al. Effect of droplet impact on molten
pool dynamics in hybrid laser-MIG welding of aluminum alloy[J].

The International Journal of Advanced Manufacturing Techno-


http://dx.doi.org/10.14128/j.cnki.al.20163603.326
http://dx.doi.org/10.3321/j.issn:0412-1961.2008.06.001
http://dx.doi.org/10.14128/j.cnki.al.20163603.326
http://dx.doi.org/10.3321/j.issn:0412-1961.2008.06.001

Z B, F: B2 WOL-MIG & 6% b xR 3L 1E F B 7

(8]

[9]

[10]

(1]

[12]

[13]

[14]

logy, 2018, 96(1-4): 209 — 222.

Xu G, Li P, Li L, et al. Influence of arc power on keyhole-in-
duced porosity in laser + GMAW hybrid welding of aluminum al-
loy: Numerical and experimental studies[J]. Materials, 2019,
12(8): 1328.

Ting Y Y, Zhan X H, Gao Q Y, et al. Influence of laser power on
molten pool flow field of laser-MIG hybrid welded Invar alloy[J].
Optics and Laser Technology, 2021, 133: 106539.

Faraji A H, Goodarzi M, Seyedein S H, et al. Numerical model-
ing of heat transfer and fluid flow in hybrid laser—TIG welding of
aluminum alloy AA6082[J]. The International Journal of Ad-
vanced Manufacturing Technology, 2014, 77(9-12): 2067 — 2082.
R, WK, R, 5 OG-S E IS ARt R S A
TR BVBUE ST [J]. 422441, 2007, 28(7): 37 — 40.

Li Zhining, Du Dong, Chang Baohua, ef al. Numerical simulation
on flow and heat transfer in weld pool of laser-plasma hybrid
welding[J]. Transactions of the China Welding Institution, 2007,
28(7): 37 — 40.

S]], EREGIPk, AR, S5 HOE-MIG Bl e 5ia
WIHEAET [7]. W EHOE, 2019, 46(9): 91 — 102.

Wu Xiangyang, Xu Jianxia, Gao Xuesong, ef al. Numerical simu-
lation of thermal process and fluid flow field in laser-MIG hybrid
weld pools[J]. Chinese Journal of Lasers, 2019, 46(9): 91 — 102.
BERE T, XU, % 06 + GMAW & & AR F s 7 4
VLETEUE AT (], SJm A4, 2015, 51(6): 713 — 723.

Xu Guoxiang, Zhang Weiwei, Liu Peng, et al. Numerical analysis
of fliud flow in laser + GMAW hybrid welding[J]. Acta Metallur-
gica Sinica, 2015, 51(6): 713 — 723.

Siewert E, Schein J, Forster G. Determination of enthalpy, tem-
perature, surface tension and geometry of the material transfer in
PGMAW for the system argon—iron[J]. Journal of Physics D:Ap-
plied Physics, 2013, 46(22): 224008.

[15]

[16]

[17]

[18]

[19]

[20]

B S RSO -GMAW B AT L G R Sk
TG EAEZMT [D]. $rRa: IR R, 2019.

Gao Xuesong. Numerical analysis of thermal process and fluid
flow in weld pool during oscillating laser-GMAW hybrid welding
of lap joints[D]. Jinan: Shandong University, 2019.

K. Invar 5 4 H0E-MIG 25 1R Had B2 AR S 1T AT
¢ [D]. F AT BRI ALK, 2018.

Zhang Dan. Study on multiphase coupled flow field behavior dur-
ing laser-MIG hybrid welding of invar alloy[D]. Nanjing: Nanjing
University of Aeronautics and Astronautics, 2018.

KA KE. WOL + GMAW 5 IR HR -5 /M L3 BT
FERH [D]. ¥rRE: ILAR K, 2015.

Zhang Haoting. Numerical analysis of weld pool and keyhole dy-
namics in laser + GMAW hybrid welding[D]. Jinan: Shandong
University, 2015.

Cho J H, Na S J. Three-dimensional analysis of molten pool in
GMA-laser hybrid welding[J]. Welding Journal, 2009, 88(4): 35 —
44.

BRI, SEASHE, FE AR, 55 WOL- IR SRR S BT R
AR [9]. A EEOE, 2015, 42(4): 210 - 217.

Zhao Lin, Zhong Benjin, Huang Jinwulang, et al. Distribution of
wire feeding elements in laser-arc hybrid welds[J]. Chinese Journ-
al of Lasers, 2015, 42(4): 210 — 217.

Ning J, Zhang L J, Na S J, et al. Numerical study of the effect of
laser-arc distance on laser energy coupling in pulsed Nd: YAG
laser/TIG hybrid welding[J]. The International Journal of Ad-
vanced Manufacturing Technology, 2017, 91: 1129 — 1143.

E—1eE M, WL, B, MEWRAESIm,; F'
W58 5 1A 42 B AP RLBOGI A S . =P BO0EEE . &
PBOETRA I T WOt E 588 MRotim Tid 8 i 1
¥4%; Email: liliqun@hit.edu.cn.

(4w5E:  FBLD)



	0 序言
	1 数学模型
	1.1 计算域与基本假设
	1.2 边界条件及流体驱动力
	1.3 热源模型
	1.4 模型验证

	2 计算结果与分析
	2.1 熔滴过渡对匙孔稳定性的影响
	2.2 熔滴落点对匙孔壁熔体流速的影响
	2.3 熔滴落点对匙孔形貌的影响

	3 结论

