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Abstract

Gap-Free Laser Lap Welding for Galvanized Steel Sheets with Laminar Flow
Lei Bin, Mi Gaoyang, Hu Xiyuan, Wang Chunming

State Key Laboratory of Material Processing and Die & Mould Technology, Huazhong University of Science and
Technology, Wuhan, Hubei 430074, China

To solve the problem of weld defects caused by zinc vapor in the process of laser welding of galvanized

1

steel sheets, we adopt the laminar flow above a keyhole to keep the keyhole open continuously and form a stable zinc

el

—

vapor venting channel. The effects of the laminar gas flow on weld forming quality and mechanical properties of gap-

excellent surface quality and mechanical properties is obtained.

free laser lap welded joint of galvanized steel sheet are studied. The influencing mechanism of the laminar flow on
Key words
=

the effective escape of zinc vapor is analyzed with the utilization of real-time monitoring and numerical simulation of
OCIS codes

the welding process. The results show that for gap-free laser lap welding of DP590 galvanized steel sheet with
thickness of 1 mm, the laminar flow can effectively promote the escape of the zinc vapor, and thus a lap joint with
laser technique; laser lap welding; laminar flow; galvanized steel sheet; gap-free
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Table 1 Chemical composition of DP590 galvanized steel sheet (mass {raction) %

C Si Mn P S Al B Cr Mo Nb Ti Ni Fe
0.0510  0.0150 1.5100 0.0120  0.0050  0.0330 0.0005 0.0310 0.2500 0.0110 0.0008 0.0200  98.0607

SRR B A WP 1 R . SEER R A BOGEE A YLR-4000 BDGLF OB, BlE %R 4 kW OLHE H

#H 0.5 mm, PN 1.07 pm, MBI AR AW R R AW, WS D BRSO 0.27 mm, IR
WA

Bl1 S A B 2 S B i A

Fig. 1 Experimental setup for welding galvanized steel sheet
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Table 2 Parameters of laser welding

Laser power /kW  Welding velocity /(m*min~ ') Gas flow /(m’<h™") Defocusing /mm Jet height /mm
4.0 3.0, 4.2, 5.4 0, 0.5, 1.0, 1.5 0 2.0
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Fig. 2 Dimension of shear tensile specimen
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Fig. 3 Surface and cross-section morphology of weld obtained at different gas flows. (a) 0 m’<h';
(b) 0.5 m’+h™"; (¢) 1.0m’+h™"; (d) 1.5 m’+h™'
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Fig. 4 Surface morphology of weld obtained at different welding velocities. (a) 3.0 me*min ';
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Fig. 6 Dynamic behavior of keyhole at different gas flows. (a) 0 m*<h '; (b) 0.5 m*+h ';
(¢) 1.0m*«h™"; (d) 1.5 m’+h™!
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Fig. 7 Boiling points of Fe and Zn varying with ambient pressure

G A B R S O G AR P B R R YR P R ) A O, Pang SR TR PR B IERLAY

patm’ (O<T~<T1>
1+ Br AH, T,
= / — ’ r< s< s
P 5 poexp[kBTVEI Tsj] (T T, <+ ) (8
».(T). (T, <T.<T)

K p, NRPETT s p o WFRERZIEST fr HFE R FREELE I B by NBRE B HHLAH, NERKE . T, A
SIRAE YT T R8T SRR p (TG 2 DX Z R =l &, T, i T, 43
SR p (THHELMIM KAV VISR, po HE T, X RSET .

MR S o i 7 48 TE A AL AT 1, SF- WA Y Sy 38 B RS SR B A G Jm b R T, R R S R T p. AR ER
P18 25 T A 8 A 5 45 5 A g B /N S IRH AR AR T 2 1 O R O R R g B O DA AR B PR R 2
(1) b A 38R 7R R 38 T B Y RS R TR TS G N NFL . B P e TR MR N AL AR LK T 1 B
J1 3w E R NFLE 2 5 Y R R e A SR IR AS L HLF 1 ELAR AR K MU R A 28 Ak H AN FL R AL T8 KA
ZZopzsial,

g5 L ik L - WS AR A A 2% A0 G S ) AT AR L ATl o 2% R b i /N LR BE S UG AR PR R
A I B

1102009-6



H = e ot

43 RBREIENSERRK

TEROCIIR N 4 kW SREEIEN 4.2 memin ' B5FT A CCD s AHMLIC % 1 AN [A) 0 it I AR 4 A
WY G B 28 UAF B U AN TAL 8 s, H BT 8 TTR AN AN A I A A b R e S R AR AL /AL
JRI VAR | ME LA ZE 5 9K IR 25 B B 2 0 Y e 2 B 2 0l e b 07 A TR A i B 5 24P RO D
0.5 m’«h "I A B R BE U /INIF ) FABT BRSO AN DR A B ) B B AR B A OB
BEA G PR 1.0 m® «h T IR S B T OB R = AR IR, B AT E . TR E
A5 A BERR A H W WOBO G RE 1t o /INFLRRZE SR TT B 28 SR 3% H 38 I8 1 SR R00 T U b ikt /AL

0 m3.h71

0.5m?-h!

1.0 m3-h!

1.5m3-h!

B 8 ARSI A A B PR AR
Fig. 8 Images of plasmas at different gas flows
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