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Table 1 Parameters for circle scanning laser welding

WA 6 L 6 R o T LR £ % 59
Parameer Value LA B MO TR B 10 A4 5 VR

W?iii:ﬁﬁQM) L W, N 2 AT LA B S R 2,5 mm,
Defocusing distance /mm ' L) ’ Efﬁ%ﬁ%i JnE) 200 Hz &%J:H# gﬁﬁﬁ'@/ﬂ E‘Ji‘%%ﬁﬁi‘
Scanning diameter D /mm 1.5,2.0,2.5 ‘}fé{ﬁflj\a: 0.5 mm, {Eﬁﬂigj‘k ° X{ﬁ:ﬁ} jaﬁﬁﬁittl:
Scanniné frequency f /Hz 50,100,150,200,250 EL/‘H%T?%}%% ’Eﬁzji&ﬁ}%thfm%ﬂﬁkﬁﬁ ¢ ﬂ[] 4 Fﬁ
Laser incident angle /() 0 IRGTE—ER AR ERT o5 BYE 23 Bl G 13 45 450 3 1 0l

ANTAEIB /N 5 25 45 A — 2 I s ARG 59 18 BLAR Y

(c)

500 pm 500 pm

F 2 ARAMSE TR ERSSmEMES ., (o) f=50 Hz, P=1.8 kW, D=2.5 mm;(b) f=100 Hz, P=1.8 kW, D=
2.5 mm;(c) f=150 Hz, P=1.8 kW, D=2.5 mm;(d) f= 200 Hz, P=1.8 kW, D=2.5 mm;(e) f =250 Hz, P=
1.8 kW, D=2.5 mm; () f=200 Hz, P=1.5 kW, D=2 mm;(g) f=200 Hz, P=1 kW, D=1.5 mm
Fig. 2 Macro-morphologies of weld cross sections under different scanning parameters. (a) f =50 Hz, P=1.8 kW, D=
2.5 mm; (b) f=100 Hz, P=1.8 kW, D=2.5 mm; (c¢) f=150 Hz, P=1.8 kW, D=2.5 mm; (d) f= 200 Hz,
P=1.8kW, D=2.5 mm; (e) f=250 Hz, P=1.8 kW, D=2.5 mm; ({) f=200 Hz, P=1.5 kW, D=2 mm;
(&) f=200 Hz, P=1kW, D=1.5 mm
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Fig. 3 Weld forming diagram of scanning laser overlap joint
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Table 2 Weld forming results of scanning laser overlap joint

No f/Hz P/kW D /mm L /mm S,/mm p./mm U,/mm U;/mm s Morphology
1 50 1.8 2.5 2.28 1.0l 0.59 - - 0 Good
2 100 1.8 2.5 2.15  0.87  0.59  0.76  0.22  0.37 Undercut
3 150 1.8 2.5 217  1.06  0.57  0.59  0.18  0.32 Undercut
4 200 1.8 2.5 169 105 o041 o8  o0.21 o5  Ondereut  insufficient
penelrallon
5 250 1.8 2.5 .20 0.91 030 o048 o015 o0  Ondereut T insufficient
penelrallon
6 200 1.5 2 .89 0.94  0.73  0.54  0.11  0.15 Undercut
7 200 1 1.5 .82 0.89  0.54 - - 0 Small width
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Fig. 4 Influence of different scanning parameters on

weld forming
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Fig. 5 High-speed photographies in initial scanning period during circular scanning laser welding with laser spot indicated by arrow
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B 6 ANEIEEASE T E IS s s B A . (al)~(ad) f=50 Hz, D=2.5 mm;(bl)~(b4) f =200 Hz, D=
2.5 mm;(cl)~(c4) f=50 Hz,D=1.5 mm;(dl)~(d4) f =200 Hz, D=1.5 mm
Fig. 6 High-speed photographies of molten pools under different circular scanning parameters. (al)—(a4) f=50 Hz, D=
2.5 mm; (bl)—(b4) f=200 Hz, D=2.5 mm; (cl)-(c4) f=50 Hz, D=1.5 mm; (dl1)—(d4) f=200 Hz, D=1.5 mm
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Fig. 7 Spatters during circular scanning (/=200 Hz,D=2.5 mm)
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Fig. 8 Molten metal flow at back edge of molten pool during circular scanning (/=50 Hz, D=2.5 mm)
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Fig. 9 Dynamic flow of molten pool during circular scanning. (a) High speed photography in initial scanning period;

(b) schematic
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Fig. 10 Schematics of circular scanning energy distributions
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Research on Molten Pool Flow and Weld Formation of 3041, Stainless
Steel by Scanning Laser Overlap Welding

Yang Hui, Li Fang , Hua Xueming, Chen Ke
Shanghai Key Laboratory of Materials Laser Processing and Modification, School of Materials Science and Engineering,
Shanghai Jiao Tong University, Shanghai 200240, China

Abstract

Objective

The 304L stainless steel membrane sheets in the MARK III LNG containment system are extensively applied,

which should be connected by welding in the form of fillet joint. In practical production, plasma arc welding (PAW) is

more employed in the joint production. However, the production efficiency is low. So it is considered to apply laser

welding in the production to increase the welding speed and enhance the production efficiency. Thus,

investigations are necessary for the application.

several

In this research, the flow of molten pool and weld formation in 304L stainless steel fillet welding by the circular

scanning laser are investigated. Thus, the reason why undercut occurs and how various welding parameters affect its

appearance are highlighted, which contributes to preventing undercut from occurring.

Methods

In this study, 304L stainless steel sheets whose depth is 1.2 mm are used. A single factor experiment is

carried out to study the influence on the formation of the weld by different welding parameters. Among all of the welding

parameters, scanning amplitude and scanning frequency are considered to have a substantial effect during the welding

process, so the high-speed photography is employed to study the impact of these parameters on the molten pool’s fluid
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flow, which is employed to explain the formation of weld with the molten pool solidification and the energy distribution in
circular scanning.

Results and Discussions The molten pool’ s dynamic process from the establishment to stabilization during circular
scanning laser welding is observed using high-speed photography. The experimental findings reveal an undercut on the
bottom plate welded by circular scanning mode, particularly with larger scanning amplitude, and larger undercut. The
scanning laser moves along the preset trajectory, and the high-speed photographic findings reveal a molten pool forming
along the moved path of the laser spot during the first scanning period, while unmelted solid remains inside the circular
area. In a single scanning cycle, there is a melted loop and an unmelted round area (Fig. 5). The moving of the laser spot
superimposes the moving along the welding direction except for its scanning movement, and then the unmelted area
gradually decreases because of repeated stacking of the molten pool and eventually reaches a steady-state (Fig. 6). In
aggregate, the laser energy is concentrated on both sides of the weld, while the energy in the central region is low
(Fig. 10). Under small scanning amplitudes, the unmelted area disappears while it is always there under large scanning
amplitudes. Under the scanning laser’s agitation, molten metal of the upper plate spatters at the molten pool’s front due
to the impetus from the laser (Fig. 7), which also leads to the lower plate’s molten metal flowing to the upper at the
molten pool’s trailing end (Fig. 8). Meanwhile, as the scanning amplitude increases, the absorbed laser energy per unit
length decreases, leading to the lower molten pool temperature. Then the molten pool’s front solidifies fast, and thus the
unmelted area can not be further reduced. Therefore, the lower plate’s molten metal cannot not be supplemented, which
leads to the undercut’s occurrence.

Conclusions The following conclusions can be drawn from the above experiments.

First, the penetration depth and the degree of undercut of the circular scanning laser overlap joint are negatively
correlated with scanning frequency. When other welding parameters are fixed, the higher the scanning frequency is, the
smaller the penetration depth is. While welding, the proposed scanning frequency is below 200 Hz, and the scanning
amplitude is below 2 mm.

Second, there is base metal loss including spatters or evaporation during welding, which requires melted metal from
the upper sheet to supplement. When the scanning amplitude is large or the frequency is high, the molten pool’ s
solidification speed is fast and the solidification time is short, and then the downward flow channel of molten metal at the
molten pool’s front becomes narrower, which leads the downward flow of molten metal to be reduced. Thus, the molten
metal at the lower side is not enough and the undercut occurs.

Third, the unmelted area in the molten pool is caused by the energy distribution in the circular scanning. The laser
energy is concentrated on both sides of the weld, while the energy in the central region is low. When the scanning
amplitude is large (more than 1.5 mm) or the frequency is high (200 Hz), the molten pool’s temperature is low, so the
molten pool solidifies fast, creating a large unmelted zone, and then the undercut intensifies.
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