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Uniform metal droplet generation using laser

Dae-Hyun Kang**, Young-Soo Yang*, Yong-Wook Kim", Sung-Kyu Cho”,
Sung-Min Park™

ABSTRACT

The uniform metal droplet generation using Nd-YAG laser was studied and experiment was
carried out. The shape and volume of developed droplet was measured and the Young-Laplace
equation and equilibrium condition of force were applied this model. The differential equation
predicting shape of droplet using equilibrium condition of force instead of Navier-stokes equation
was induced and numerical solution of differential equation compared with experimentation data. The
differential equation was solved by Runge-Kutta method. Surface tension coefficient of droplet was
determined with numerical solution relate to experimental result under the statical condition. In case
of dynamic vibration, metal droplet shape and detaching critical volume are predicted by
recalculating proposed model. The result revealed that this model could reasonably describe the

behavior of molten metal droplet on vibration.
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Fig. 1 Element of droplet interface showing
principal radii of curvature and
pressure.
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Fig. 3 Equilibrium forces in a metal droplet

on the end of metal wire ( ¥ : Volume)
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Fig. 4 Equilibrium forces in a metal droplet
on the end of metal wire applying

vibrating force ( ¥ : Volume)
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Table. 1 Mechanical and material properties

Metal wire Shield gas(Ar)
v 6.25x10° Density 167x10°
Densi NSt
Kg/mm’ Kg/mm'’
Wire | o8 mmys |l 8351 6201068 s
velocity velocity
Wire Drag
diameter 09 mm coefficient 0.15
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Fig. 5 Flow chart of driven differential
equation and force equilibrium
calculation
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Laser head

Wire feeder Nozzle Gas hose

Fig. 6 Laser head, wire feeder, nozzle and
gas hose. Laser beam is transmitted
through light fiber on laser head
and shield gas(Ar) is supplied
through gas hose.
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Table. 2 Average droplet diameter and
volume by experiment

Volume

8.51 mm®

, Diameter

‘ 2.53 mm

Table. 3 Vibration condition of external force

Displacement Freque
magnitude duency
0.05 mm 50 Hz

Fig. 8 Drop shape of variation of X with Z
for different values of parameter
log10B

LogB=-0.38
gamma=0.49

z(mm)

Fig. 9 Prediction of droplet shape satisfied
force equilibrium condition without
external force
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Fig. 10 Experiment of droplet shape
satisfied force equilibrium condition

without external force
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Fig. 11 Changing drop shape on the

external vibrating force

Fig. 12 Prediction of droplet shape

correspond with time
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Fig. 13 Critical drop shape calculated under

dynamic vibration force
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