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Table 1 Compositions of A7NO1P-T4 and filler metal
e Si Fe Cu Mn Mg Cr 7Zn Al
A7NO1 <0.30 <0.35 <0.20 0.20 ~0.70 1.0~2.0 <0.30 4.0~5.0 e
ER5356 <0.25 <0.10 <0.10 0.05 ~0.20 4.5~5.5 0.05 ~0.20 <0.10 Sehr
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Fig. 1 Schematic of Laser-MIG hybrid weldingcoupled by

high frequency pulses(HFP)

Pk W AR, R FER T 99. 999% RS
VEREBE R, R FBOCAERTS | S R K =X, 3
AR A ZR (14 e £ S 10°, 4546 5 AR 1 2 £
750 2Ll 4 mm, O S E AR L
T, POETR(P,,,,) SRR (V) MIG HL R
AR (L) IR R (U,) | 48 ik i 2 -
PIR (L) FAEACE, ¢ , HUIURTBOG I A
80% ) F/N L3z 2.

FH Photron FASTCAM SA4 5 45 % K Lg% B ik
T B i a3 PEAT Ry, I [ 25 A0 B die R 4 2
DAQ SRAEHEIL S FEAY e AL . 1 BB AN 10

&2 ATNOIP-T4 SRE&HIBETZESH
Table 2 Build-up welding parameters of A7NO1P-T4 alloy

rpm— ot H P T B2 S iRy S IGEREN LU SULERI B
P/ kW o/ (memin~1) L/ A U,V Typp/ A Ey g/ (klrem™")
Laser-MIG 1 0.6 175 15.6 - 4.97
HFP + Laser-MIG 1 0.6 143 19.6 30 5.85
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Fig. 2 Voltage and current waveforms of laser-MIG hybrid

built-up welding
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Fig. 3 Images of meso-spray transfer in A7NO1 aluminum alloy laser-MIG hybrid built-up welding
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Fig. 4 Voltage and current waveforms of laser-MIG hybrid
built-up welding coupled by high frequency pulses
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Fig. 6 Surface morphology of layer built up on A7NO1 a-
luminum alloy by laser-MIG hybrid welding
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Images ofspray transfer in aluminum alloy laser-MIG hybrid built-up welding coupled by high frequency pulses
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Fig. 7  Cross-section photographs of laser-MIG hybrid
built-up welding with or without HFPs coupling
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Fig. 8 Microstructure photograph of layer built up on A7N01 aluminum alloy by laser-MIG hybrid welding

34 #

(1) #F5E T Atk ol 5 ATNOL §8 & & 3#0L-
MIG & & HERF S L , bk ol R IR AZ K, FL 3
FEAF PR R R, FEAE FL AL AR, WA PR AR AR AN
i o AR 3 T S O U 2 A g i

(2) mhksfilS ATNOL 413 & & H0OE-MIG &
BHERE A H BN LI I o B e T R A A
CHRART R IR J 2 U B

(3) ik 45 X ATNOL 4R 45 6 IHOE-MIG
S B HESRIGRLZ D A B DXL RN IR AN K,
Je s SRR A B FRIE T K, SR AL AR ORI AE /N
OI AR

SE

(1] FRZ, MRE, & =, F. B asn MIG LULHDL-

[

MIG MR T 2T LT ]. 73R, 2007, 28(2) : 38 -43.
Xu Lianghong, Tian Zhiling, Peng Yun, et al. Comparison of
MIG welding and laser-MIG welding of high strength aluminum
alloy[ J]. Transactions of the China Welding Institution, 2007,
28(2): 38 -43.

[2] Yan S H, Chen H, Ma C P, et al. Local corrosion behaviour of
hybrid laser-MIG welded Al - Zn - Mg alloy joints[ J]. Materi-
als and Design, 2015, 88 1353 - 1365.

[3] Ascari A, Fortunato A, Orazi L, et al. The influence of process
parameters on porosity formation in hybrid LASER-GMA welding
of AA6082 aluminum alloy [ J]. Optics & Laser Technology,
2012, 44 . 1485 - 1490.

[4] Campana G, Ascari A, Fortunato A, et al. Hybrid laser-MIG
welding of aluminum alloys: The influence of shielding gases
[J]. Applied Surface Science, 2009, 255; 5588 —5590.

[5] SR, BumfH, 22850, 55 A OR 7 Aok S LA e
LI HERFERCHARFERR) , 1999, 39(6) : 110 -
112.

Wu Minsheng, Duan Xiangyang, Li Luming, et al. Study of arc-ul-

trasonic excitation and its characteristics[ J]. Journal of Tsinghua U-



44 B

i %37 %

niversity (Science and Technology). 1999, 39(6) . 110 - 112.

[6] R, fleks, 22850, . A BREEORI) ] H
4R, 2005, 26(6) : 40 —45.
Wu Minsheng, He Longbiao, Li Luming, et al. Study of arc-ul-
trasonic welding technology[ J]. Transactions of the China Weld-
ing Institution, 2005, 26(6) ; 40 —45.

(7] G, wEWE, &R, S B -MAG &5 R Ha i I
% CO, & R[], M, 2015, 36(3) : 18 -23.
Fan Chenglei, Xie Weifeng, Yang Chunli, et al. Effect of CO,
content for droplet transfer in ultrasound-MAG hybrid welding
[J]. Transactions of the China Welding Institution, 2015, 36
(3): 18 -23.

[8] Jumkd, uihie, HEM, & 8445 -MIG BE AT
L)1 FHEEER, 2015, 35(1) 5 -9.

Fan Chenglei, Xie Weifeng, Yang Chunli, et al. Characteristics
of welding arc during ultrasound-MIG hybrid welding of aluminum
alloy[ J]. Transactions of the China Welding Institution, 2015,
35(1):5-9.

(9] ‘R&sie, Br o, 2R, & —Fl A5G #OL-MIGC 3t
AR & SRR AR " E, 2015101736623 [ P]. 2015 -

04 - 14.
[10] HAp. MIG-HAZ R ERGERIEID]. BE: MEKY,
2014.

VEB I A7 e desivh, 59,1983 4Rtk 1+ PP, 0+ B0 %
Vil EE AR AR R R B R R TR, R AL 10 A
i, Email ; zongtaozhu@ 163. com

[ E#% 34 7]

[6] f/NAR, Tk, 32 16, 45 BRESWARMOLIHA TIG 47
HRERAY JIBERT]. AU T ARAPRL, 2005, 39(3) : 25 -
28.
He Xiaodong, Zhang Jianxun, Pei yi, et al. Numerical simulation
of the residual stress in laser beam welded and TIG welded joints of
thin plate of titanium alloy[ J]. Materials for Mechanical Engineer-
ing, 2005, 39(3): 25 -28.

[7] Strycker M De, Lava P, Paepegem W Van, et al. Measuring
welding deformations with the digital image correlation technique

[J]. Welding Journal, 2011, 90 107 —112.

(8] ke, EXigae, |SCH, 4. 1 F =GRS0 il AR
BTG D). AR, 2011, 32(12) - 9 — 12,
He Hongwen, Zhao Haiyan, Niu Wenchong, et al. A method to
measure welding deformation of plate by three dimensional laser
scanner[ J]. Transactions of the China Welding Institution, 2011,
32(12):9-12.

YEB BT : w297 , 40,1989 4R 2k W -EBF5E /. B RHOEEE
AR 98 TAE. Email ; hzysmile@ 126. com
BIFESE: & 2. 98, 2082, 050k S0, Fmail: 12@ tu.

edu. cn

[ B35 38 M)

(4] WIALA, 81 B, SKOKE, % R ATIC SRRESL HUE
bR AT KREEAEIR, 2006, 27(7) : 34 - 36.

Hu limu, Hu Bo, Zhang Yonghong, et al. Analysis of corrosion
resistance of stainless joints by ATIG[J]. Transactions of the Chi-
na Welding Institution, 2006, 27(7) . 34 - 36.

[5] Katharina Koster, Peter Kaestner, Giinter Briuer, et al. Material
condition tailored to plasma nitriding process for ensuring corrosion
and wear resistance of austenitic stainless steel [ J ]. Surface &
Coatings Technology, 2013, 228 (S1) . S615 - S618.

[6] Wilfried Pacquentin,Nadege Caron, Roland Oltra. Nanosecond la-
ser surface modification of AISI304L stainless steel: Influence the
beam overlap on pitting corrosion resistance[ J]. Applied Surface
Science, 2014, 288 34 —39.

[7] Xu Peng, Lin Chengxin, Zhou Chaoyu, et al. Wear and corrosion re-

sistance of laser cladding AISI304 stainless steel/Al, O; composite

coatings[ ]]. Surface and Coatings Technology, 2014, 238 9 — 14.
[8] 48 4, &M, M 5k, % CiSMo ZFh AU HME & X H, S
R R SR ALT SR [T ], A )RR, 2005, 41(4) : 421 -
426.
Zou Yang, Pan Chunxu, Fu Qiang, ef al. In situ observations for
corrosion process at fusion boundary of C15Mo dissimilar steel wel-
ded joints in H2S containing solution[ J]. Acta Metallurgica Sini-
ca, 2005, 41(4): 421 -426.
[9] KirchheiraR, Heine B, Fischmeister H, et al. The passivity of i-
ron-chromium alloys [ J ]. Corrosion Science, 1989, 29 (7).

899 -917.

PEB I 1 JHr vk, 1973 4E A, TR 1 IO 1%
AR, FENFIREE T4 &R AORHR IRV RS54 ) = K.
BRI 30 4255, Email ; zhouguangtao@ hqu. edu. cn



