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Abstract One of the operational issues that are
generally encountered on the print-head performance is
residual vibration. For good performance of droplet, the
satellite and ligament of an ink droplet must be suppressed
during the jetting process. It was proved that the
suppressing vibration is viable to control the droplet’s
speed and volume. Two kinds of suppressing vibration
with front and back position of suppressing pulse from the
main pulse were investigated. The suppressing vibration
was proved to be an effective way of damping the residual
vibration and reducing the droplet volume and speed. By
analyzing two types of actuation waveforms effect on
droplet quality, this paper analyzes the distinctive effect of
front and back suppressing vibration on droplet quality.
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1. Introduction

The inkjet printer quality is strongly related to the
print-head performance. The performance of an inkjet
print-head is limited by residual vibrations, cross-talk and
jet instability that will generate the droplet with ligament,
satellite or even weeping, particularly in multi-drop
ejection method. The properly waveform design can
minimize those both cross-talk and the residual vibrations
[1] & [2].

For enhancing the inkjet printer performance, we have to
consider the following operational issues that are
associated with the waveform design and operation of
nozzle heads. The droplet and satellite can be eliminated by
optimizing the waveform design. The basic waveform
itself was proved not to generate a clear droplet if it is

applied without additional pulse. The satellite on droplet
and ligament of an ink droplet can be suppressed during the
jetting process. It was stated that the performance of Drop
on Demand (DoD) inkjet printer is mainly affected by
residual vibration occurrence [3] - [8]. The residual
vibration and crosstalk influence each other, particularly in
high drop repetition rate. This problem can cause a very
large difference in droplet speed [9] & [10]. The actuation
waveform of the piezoelectric element has a strong
influence on the droplet ejection process, controlling both
the size and velocity of the ejected droplets [11]. For
reducing the residual vibration that caused satellite, the
actuating waveform to eject the droplet must be properly
designed [1], [4], [12] & [13]. In this study, the effect of
different actuation waveform design with front and back
position of the suppressing vibration was investigated by
the experimental study. The waveform design with
suppressing vibration that could generate the droplets with
a good shape will be considered as the recommended
waveform design.

2. Operational Issue of P1J Print-head

The operational issues that generally deal with the
performance of inkjet print-head [3] - [7], are namely:
1. Residual vibrations

In DoD inkjet printer, we arrange the waveform for
ejecting the ink droplet from the nozzle. The droplet will be
ejected on selected nozzle due to the movement of
piezoelectric. The pressure in the liquid chamber makes the
droplet eject from the nozzle. After the ejection, the
fluid-mechanics in the ink chamber should immediately be
rested. In fact, the pressure waves are still present and
affect the next process. These wave residues are referred to
as residual vibrations. The impact of residual vibrations is
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also influenced by cross-talk effects. Both residual
vibrations and cross-talk can result in the variation of
droplet speed on each nozzle [14] & [15].

2. Cross talk in piezo-inkjet

The cross-talk takes place when the neighboring nozzle
is influenced by another channel actuation. The
unintended ejection exists due to the disturbing
resonances in the print-head structure. It also causes a
difference in droplet speed and weeping occurrence. The
existence of residual vibration and crosstalk will give
significant effects in the ink chamber [7]. Therefore, in
this study, the additional pulse will be applied to the basic
waveform to suppress the effect of both residual vibration
and the cross-talk.

3. Research Method

The observation system GEN 5 on a personal computer
was used to input the optimized waveform design. The
signal was sent to the print-head to eject the droplet from
the nozzle. The print-head type was GEN 5 with
piezoelectric type D33 that was installed in PC. The droplet
image was obtained by shadowgraph technique. The
droplet image was taken by Charged Coupled Device
(CCD) camera that is equipped with iDS Complementary
Metal Oxide Semiconductor (CMQOS) sensor and strobe
lights. The CCD camera, CMOS sensor and stroble light
were synchronized to the firing signal. The delay time of
droplet to reach 1 mm from the nozzle and the droplet
image will be displayed in the PC at drop watch form. The
experimental equipment is shown in Fig. 1.
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Figure 1. Experimental Equipment

In this section, the effect of suppressing vibration pulse
was investigated when it is located prior to or after the

main pulse. In this study, the comparison of experimental
result between the basic waveform or one main pulse was
compared with two types of actuation waveform with
additional suppressing pulse. The observation was
conducted on the droplet speed and volume of a single
droplet from one main pulse. Figure 2a depicts the
waveform design with suppressing vibration that was
located after main pulse, meanwhile the figure 2b shows
that the suppressing vibration was placed prior to the main
pulse.

There are two kinds of waveform design with the
different parameters of time for down, keep, up and wait.
The suppressing pulse with suppressing pulse parameter of
time for down, keep and up = 2 ps called as Suppress A. In
another side, the suppressing pulse parameter of time for
down, keep and up = 1 ps called as Suppress B. The
suppressing pulse that was located after the main pulse was
so-called back suppressing vibration, whereas this section
used the actuation waveform with suppressing vibration
that was located before main pulse, hereafter called as front
suppressing vibration. The experimental study to
investigate the droplet speed and volume was conducted.
The waveform design with suppressing pulse as compared
to the basic waveform, The basic waveform’s parameter is
shown in Fig. 3.
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Figure 3. Basic waveform

4. Result and Discussion

Figure 4 presents the droplet shape comparison of front
and back suppressing vibration with basic waveform. The
droplet shape from waveform design with different
locations of suppressing pulse was observed. We can see
the similar droplet shape for basic waveform and back
suppressing waveform of “Suppress A”. Front “suppress
A” generated the clear droplet at applied voltage 14 — 16
V and droplet with ligament at 17 — 18 V. The comparison
of front and back “Suppress B” shows that the clear
spherical droplet was generated at 14-15 V only for back
“suppress B”, whereas front waveform generated clear
droplet at all applied voltages. It expresses that we are
able to get the higher speed of droplet with a clear shape
for obtaining good print quality.
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Figure 4. The droplet shape comparison between basic waveform with front and back suppressing vibration (voltage of tieep = 50%)
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Figure 5. The droplet velocity comparison between basic waveform with front and back suppressing vibration (voltage of tiee, = 50%)

The droplet shape is related to the droplet velocity
particularly for back suppress A vibration, as shown in
Figure 5. The figure shows that those waveforms also have
similar velocity, with a similar trend to back suppress B
vibration. The front suppress A and B have similar velocity
trend with smooth linearity, but in lower velocity. It also

shows that the front suppress B has the lowest velocity
than the other. This phenomenon can be explained by the
conceptual model as shown in Fig.6. The conceptual model
was obtained from simulation by using modelica, which
has shown the effect of suppress A as the best result of
droplet shape until 18 volt.
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Figure 6. Conceptual model for “Front Suppress B” (111_0_222)

Figure 6 depicts that front “suppress B” (111 0 _222)
vibration has a different response than the others. The
small pulse before the main pulse without separating time
as well as preliminary vibration composes the wider
negative pressure. It indicates that the “pull” mode of PZT
(piezoelectric) print head plays a role in sucking the liquid
thread into the liquid chamber so it will take a longer time
for ejection and the volume inside the nozzle become
larger. By the additional pulse on the waveform design as a
preliminary vibration, will evoke the Helmholtz resonance
inside the liquid chamber. Since the energy that used to
“push” the ink out from the orifice is identical,
consequently, the droplet velocity will be slower. This
result then recommended being used for the next step in
designing the actuation waveform for multi-drop method.

Table 1 until table 3 expressed the comparison of each
waveform design, namely suppress A and B with different
percentages of voltage on tiep,. It was clearly shown from

the tables that the best droplet shape with the highest speed
will be generated from the waveform design namely
suppress B. The best percentage of tiee, was 50% from the
main voltage, e.g. 7 Volt for applied voltage 14 volt of the
main pulse.

Table 1.  Experiment result of Suppress A (50% voltage of tyeep)
tdown, tkeep, tup =2 ps
twait = 6 ps t keep: 50% voltage
Voltage (V) Front | Speed (m/s) Back | Speed (m/s)
14 . 2,27 L 6,41
15 . 1,49 L 8,06
16 . 1,25 L 9,90
17 L 3,07 L 11,76
18 L 4,24 L 13,70

e =good droplet S =Droplet with Satellite L = Droplet with Ligament
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Table 2. Experiment result of Suppress A (30% voltage of tieep)

tdown, tkeep, tup =2 ps
twait = 6 s t keep: 30% voltage
Voltage (V) Front Speed (m/s) | Back | Speed (m/s)
14 . 5,00 L 6,41
15 L (short) 5,95 L 8,00
16 L 7,14 L 9,90
17 L 8,33 L 11,76
18 L 9,71 L 13,70

e =good droplet S = Droplet with Satellite L = Droplet with Ligament

Table 3. Experiment result of Suppress B (50% voltage of tyeep)
tdown, tkeep, tup =1 ps
twait =0 ps t keep: 50% voltage
Voltage (V) Front | Speed (m/s) Back | Speed (m/s)
14 . 2,78 . 3,89
15 . 3,97 S 521
16 . 5,05 S 7,25
17 . 6,06 L 9,35
18 . 7,19 L 11,24

e =good droplet S = Droplet with Satellite L = Droplet with Ligament

Table 4. Experiment result of Suppress B (30% voltage of tyeep)

tdown, tkeep, tup =1 ps
twait =0 ps t keep: 30% voltage
Voltage (V) Front | Speed (m/s) Back | Speed (m/s)
14 . 3,85 . 4,88
15 L 5,52 S 6,25
16 L 6,67 L 8,33
17 L 8,06 L 10,31
18 L 9,43 L 12,20

e =good droplet S = Droplet with Satellite L = Droplet with Ligament

Figure 6 describes the simulation result of wave
superposition from front suppressing vibration. The
simulation was conducted by using modelica software to

understand the wave response from front suppressing pulse.

The simulation result shows that front suppressing
vibration on type B will evoke the negative or back
pressure that is able to withstand the high pressure on
droplet ejection. The amplitude of wave response is related
to the volume and speed of the droplet. It is shown that the
meniscus motion of total response generates a lower
amplitude. It is implied that the droplet speed and volume
from waveform with suppressing pulse will generate the
lower speed and volume of the droplet. The effect of
suppressing vibration was shown in this wave response.
When it was applied on the waveform design, the larger
negative wave will pull the liquid inside the chamber
before the ejection. Then, it will reduce the pressure and
minimize the water gun effect from pull-push method of
piezoelectric printhead.

5. Conclusions

The investigation of preliminary and suppressing
vibration effect shows that the waveform can be used to
control the droplet size, volume, and velocity. The
important point to adjust the droplet velocity and volume is
in the voltage percentage of preliminary and suppressing
vibration. The effect of voltage and head temperature is
also in a good agreement with previous studies by other
researchers, by considering the maximum voltage and head
temperature to obtain a good result. The conclusions about
controlling the droplet velocity and volume with clear
droplet are as follows:

e  Suppressing vibration is effective to control the
droplet speed and volume. The suppressing vibration
was proved to be an effective way to damp the
residual vibration and reduce the droplet volume and
speed.

e It was found that 30% voltage percentage Of tyeep OF
suppressing vibration namely suppress A can be
utilized to reduce the residual vibration. The input
parameter of suppress A was 2ls for tyown, tkeep and typ
with delay time to the main pulse being 6 ps. The
voltage of ty., for suppress B was 50% with input
parameter being 1 ps for tyown, tkeep and t,, and no delay
time to the main pulse. It also demonstrated its
effectiveness to reduce the residual vibration, suppress
the droplet volume and speed with a good droplet
shape. The significant improvement in droplet shape
performance was shown by suppress B particularly
with 50% voltage Of tieep. This input waveform
produced the clear spherical droplet for until 18V, in
order to get the higher speed.

e The conceptual simulation model by wave
superposition principle can be used to improve the
concept design of the future research. It was found
that the suppress B vibration pulse, the large back
pressure could be generated. It was proved to be an
effective way for reducing the water gun effect from
pull-push printhead method.
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