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Abstract

In this paper, we present a design, analysis, fabrication and performance test of the novel DoD metal-jet
system for application to the high-density and high-temperature-melting materials. The theoretical analysis
of the metal-jet nozzle system is derived by using electro-mechanical analogy. Based on the theoretical
analysis results, we design the metal-jet print head system and fabricate the metal-jet system, which can eject
the droplet of lead-free metal solder in high-temperature. In the experimental test, we set up the test
apparatus for visualization of the droplet ejection and measure the ejected droplet volume and velocity. As a
result, the diameter, volume and the velocity of the ejected droplet are about 65 tm ~ 70 tm, 145pl ~ 180 pl

and 4nv's, which shows quite good agreement with the theoretical analysis results of the 75 ym-diameter and

220 pl-volume of droplet. In comparison with the experimental result, the errors of diameter and volume are

7% ~ 13% and 18 ~ 34%, respectively.
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Table 1 Functional requirements and design parameters
of the metal-jet system
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FR3

F iz F35 TF

FR4 | Fag 44 2 279 99 34

Design Parameter
DP1 Awl F9 o 500°C o] 714 715
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- Piezo
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500 °C furnace m HH L veive
S| e Pressure
e e controller
HER IO
50um nozzle Thermo couple
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i
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Fig.1 Conceptual design of the piezoelectric DoD
metal-jet system
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Fig. 2 Physical model of the nozzle part of the metal-jet
system
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Fig.3 Electro-mechanical analogy model of the metal
jet nozzle system
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Table 2 Design parameters and its values

Design Design
value value
parameter parameter
32
Rpc kg/s-mm4 AP -38kPa
R 326 )
v kg /s -mm* T ms
4, 0.785mm’ l, 50 pim
d, 50 um l, 30 um.

Fig. 4 Manufactured metal-jet system
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Fig. 5 Design and fabrication of the nozzle part;
(a) conceptual view of the nozzle part:
(b) photograph of the fabricated piston headand
the nozzle part (stainless steel)
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Fig. 6 Experimental apparatus for visualization of the
ejected droplets
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Fig. 7 Measured viscosity of the molten metal at
different shear rates

Fig. 8 Trajectory of the 65um-diameter ejected droplet
from the 50pm-diameter nozzle with 3V, 10Hz,
1.0ms pulse width input electrical signal.
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Fig. 9 Calculated droplet volume by Eq.(11) at
different viscosities
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