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Abstract: The core of programmable droplet transition is to realize the controlled directional deflection transition of the droplets in
a certain area, and to regulate the droplet landing point by matching laser pulse program. On the basis of the symmetric arrangement
of laser pulses, a programmable transition control strategy is proposed in the paper for the programmable transition of molten drops
driven by the asymmetric arrangement of bilateral lasers. The effects of the pulsed laser process parameters on the transition
behavior and deflection angle of the droplets under the asymmetric arrangement are investigated. The results show that, unlike the
symmetric laser arrangement, one side of the asymmetric laser arrangement irradiates the solid-liquid interface and plays a cutting
role at that point, while the other side of the laser irradiates the droplet body and mainly produces an impact effect on the droplet.
The deflection of the droplet is mainly determined by the impact of the laser on the droplet on the right side, and the maximum
deflection range of the droplet increases to 55°. A calculation model for the impact force of deflected droplets on the molten pool
was established based on the force situation of the droplets. By using high-speed cameras to capture the transition process of the

droplets, the impact force of the droplets on the molten pool can be calculated.
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Highlights: (1) The droplet programmable transfer control is used to control droplet landing point by using a double-sided laser

asymmetrical arrangement.

(2) A mathematical model was established by analyzing the effect of different laser power on the droplet.

Key words: laser pulse; asymmetric array; programmable droplet transfer; force analysis
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Table 1 Experimental process parameters
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6 80 2.2 0.25 25 6

2 RKRERE QM

21 e AT EROEERIER) GMAW K575 7
Sy

SRS T E T TR o 90 1o 1 252 5 & o
M, RT3 L R 0
P, R I R A AR, v Wi et 18
20 36T UM BE A IR 2 D S AN 7 4
1. R H T 43 R R R4
A P R R T, 59O T L0
Vo, LRI S 18] L, SRR 29
KRR TR B, BRI & 1 L
R, 50 T30 0 9 P T ) 43 A
RT3 22 7 A B, P T
SR AR K e A, 2 Wk ) Iy 6038
2, (LR,

R T F BRI J1 007, e 2 s, 1
B LA TR B o 5 SIS T 52 i
€l 2(a), 1€ Fy. Fyo FAEFIF, 3ERI IR F, 52 B
KR SR B T, TR o I o o
K. XSFRESRUHOEIR S GMAW F32 )
GLTEL 2(b), B L1 7 b, e e 1 3
SZRDCEGE R R AE, 265 I o Sk e
0 R R S % A R A s
BIAELASOIK ], 5 R BTARZ B, %S

PR A B XGHOE IR 5l GMAW #5352 1 WL 2(c). 14
REWIANHOE A Y T BLRE RS, DERCIR 22 3 B fd 72 )
PO IR 1T 0 5 TR U0 , A O IR A
A 206 A 19 1 DIFIE T, A EOL
SR L AR AR el 1) 22 O D, RO RS
P B SEBR 2 ST [ D A 2 3O R SRy i 3R
TH VR LT 1)

(a) fEGE IS (b) STFRFEESIRUNEL  (c) EXTRREES) XU
52 J153 07 JEUK S GMAW BOGIREH GMAW
T 52 31508 YRR Z 153 HT R

B2 AEIRTHEEZHDH
Fig. 2 Analysis of droplet forces under different con-
ditions. (a) force analysis of droplet in traditional
arc welding; (b) force analysis of GMAW droplet
driven by laser on both sides of symmetrical
array; (c) force analysis of GMAW droplet driven
by asymmetric array laser on both sides
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Fig. 3 Asymmetrically aligned dual laser-driven metal
transfer (1 800 W on the left and 1 000 W on the
right)
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Fig. 4 Asymmetrically aligned dual laser-driven metal
transfer (2 200 W on the left and 1 000 W on the
right)
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Fig. 5 Droplet deflection angle under different power of
right laser
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Fig. 6 Analysis of droplet velocity after detachment from
welding wire. (a) traditional GMAW droplet tran-
sfer velocity model; (b) double-sided symmetrical
laser pulse driven droplet transfer velocity model
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