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1. Introduction 

The technology of an inkjet printer is 
expected to be used in digital printing and in 
printing to various kinds of materials. Consequently, 
fast and stable ink-ejection technology is required 
to meet the diversified needs. Amemiya et. al. 
succeeded in discharging the ink whose viscosity 
was 3000 mPa・s using a focused ultrasound wave 
This report suggests that the amount of pressure and 
the time  to apply pressure to ink are the most 
important factor for discharging the ink with high 
viscosity. Ono et.al. studied a Kaiser-type inkjet 
printer using multi-piezoelectric elements to control 
the pressure and the time to apply pressure to the 
pressure chamber. They proposed an equivalent 
circuit model and simulated to find effectiveness of 
using a multi-actuator. 

The conventional droplet discharge was 
performed by applying a momentarily higher 
pressure using a piezoelectric element. 

In this study, we focused on the generation 
process of pressure in the pressure chamber and the 
possibility of generating an ink droplet by 
experimentally making a liquid droplet ejection 
device using multiple actuators. 
2. Results and discussion 

Figure 1 shows the structure of a liquid 
droplet ejection device. Three multiple piezoelectric 
elements are attached to the pressure chamber. 
Amount of pressure and time to apply pressure to 
the pressure chamber are controlled by the driving 
voltage applied to the three multiple piezoelectric 
elements.  Sinusoidal or square waves are input to 
the three piezoelectric elements. The changes in 
pressure are measured by changing the number of 
drive elements. In this case, the ink supply port and 
the nozzle are closed. Figure 2 shows the results of 
inputting a sine -wave signal with the same phase. 
Figure2 (a) is an output signal of driving one 
piezoelectric element and  Figure2 (b) shows an 
output signal of driving three piezoelectric elements. 
Figure 3 (a) and (b) show the measurement results 
of inputting a square wave to a single piezoelectric 
element (a) and three piezoelectric elements (b). 
The output signal number increases with increasing 
the driving piezoelectric element. From the result, it 
is possible to control the pressure. 
 

3. Conclusion 
An output signal can be proportionally 

controlled by the number of driving piezoelectric 
elements using a prototype liquid droplet ejecting 
device. Furthermore, by controlling the phase of the 
drive signal, it is expected that the amount of  
time to apply pressure can be controlled. pressure 
applied to the pressure chamber and the  
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Fig.1 Model structure of the liquid droplet 
ejection device. 

 

 
Fig.2  Output waveforms in the case of 
applying a sine wave with the same phase. The 
number of element is one (a) and three (b) 

LS-MPS, proposed by Tamai and Koshizuka[9], is 
higher order differential MPS scheme, is used to 
calculate the gradient, divergence space differential, 
and the pressure implicit terms. The viscosity 
Laplacian is treated in original MPS scheme due to 
the calculation stability. 

Due to the numerical counter torque brought by 
MPS Laplacian calculation, the rotational 
coordinate is adopted for the streaming field W 
calculation as 
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where L, [I], [E], and rL are rotaitonal speed and 
moment of inertia tensor, unit ternsor, and position 
vector from droplet center. 
 
3. Results  

Fig. 1 indicates the problem geometry for the 
ultrasonic droplet levitation and rotation [4, 6]. The 
upper and lower plane on z=31/4 works as an 
ultrasonic levitator which is driven on the frequency 
of f1=18 kHz. Fig. 2 (a) shows the sound field 
excited by this levitator. The pressure distribution 
shows third-mode plane standing wave along z-axis 
and uniform on z-plane. 

The plane on x=2/4 and y=2/4 in Fig. 1 works 
as a pair of acoustic driver with the phase difference 
of /2 between x-planes and y-planes at f2=1.35 kHz. 
Fig. 2 (b) shows the sound field excited by the 
driver. Two phase drive create a zero-pressure plane 
rotating along z-axis, as a result, one nodal point at 
the coordinate origin is observed in the figure. 

Fig. 3 shows the temporal change of the rotational 
speed with and without the rotational 
coordinate. The LS-MPS results have 
complete the calculation as long as 100 ms, 
whereas the MPS calculation scheme has 
diverged at 20 ms. While the rotation 
without rotation has been saturated due to 
numerical counter torque, the result with 
rotational coordinate agrees with the 
experimental result in the error of 25 %. 

Fig. 4 (a) (b) shows the streaming field at the time 
100 ms calculated with and without the rotational 
coordinate, where U and (W+L×rL) is plotted in 
the figure, respectively. As in Fig. 3, the outer 
surface streaming velocity is approximately four 
times larger with rotational coordinate than the one 
without rotational coordinate. 

 

4. Conclusion 
The streaming on an ultrasonic levitated droplet has 
been simulated using LS-MPS and DPSM in three 
dimensional space with rotational coordinate. The 
trend of the temporal change in rotational speed 
agrees with the experiment known in Ref. [4]. 
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Fig. 4 Streaming distribution (a) without and (b) 
with the rotational coordinate. 

Fig. 3 Temporal change in the rotational speed 
with and without the rotational coordinate. 
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Fig.3   Output waveforms in the case of 
applying a square wave with the same phase. 
The number of element is one (a) and three (b) 


