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New Actuation Waveform Design in Multi-Drop Ejection for High Print
Quality of DoD Inkjet Printer
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The Drop-on-Demand (DoD) inkjet printer that mostly used for the commercial printer
is still being developed to improve the performance. The requirements related to the jetting
performance, such as drop velocity, volume, and shape become more challenging. The jetting
performance needs to be efficiently controlled to make it viable in various applications.
Currently, it is necessary to substitute the print-head if using the different fluid. Hence,
finding the best operating parameter that can be used in a wider range of fluid properties is
necessary to improve its ability in market customization.

The droplet size and shape performance are strongly related to the print quality. The
clear spherical droplet without satellite and ligament is required. There are two techniques for
improving the print quality related to the resolution, namely binary and greyscale techniques.
Recently, the binary technology that generates one smaller drop with the same size is mostly
used instead of greyscale technology. The greyscale technology with multi-drop method to
generate the different droplet size is still become a big challenge in inkjet printer development.
It is difficult to synchronize the multi-pulse in waveform design for getting the optimum result
of the droplet performance. The poor droplet performance such as satellite, ligament and
weeping occurrence also still become a big problem. The main issue in causing satellite is
residual vibration which is unacceptable in some inkjet printer applications and needs to be
eliminated. For reducing the residual vibration and obtaining the good droplet performance
related to shape, velocity and volume, the actuating waveform to eject the droplet must be
properly designed. The comparison with previous study shows that the study using negative
pulse and multi-drop ejection method is very limited. Therefore, in this study, the negative
pulse of actuation waveform was designed and applied in single and multi-drop concept
(Chapter 1).

Theoretical approach concuwrrently with experimental approach was conducted to
design the waveform. The conceptual system model by wave superposition principle was also
conducted to predict the total response of waveform (Chapter 2). The good experiment system
is important in product development process. Hence, as the beginning step of this research,
the measurement method for droplet weight and speed was examined. The experiment
standard was determined and used for the next step of this study. In addition, the nozzle
checking was also conducted to ensure the properly result of data was obtained from the
established experiment system (Chapter 3).

The experimental study using Dowanol as the operating liquid was done to examine
the effect of preliminary and suppressing vibration. The basic concept in controlling the
droplet behavior was revealed. Furthermore, the simple conceptual system model by wave
superposition principle was used to explain the droplet behavior. However, the result still
showed an unexpected droplet performance (Chapter 4). The new actuation waveform design
was made by using two overlapped pulse as preliminary vibration so-called “W” waveform. An




additional suppressing vibration at the end of pulse and suitable twait between each pulse is
important for the multi-drop design. It was found that the new design in this study is
effective to generate clear spherical droplet without satellite, ligament and weeping
occurrence. The new waveform design in this study also can deliver the droplet such as
push-pull method. It generates the droplet with a bigger volume and lower speed so then
called as “push-pull reflection method”. However, the droplet speed in single drop can be
increased by applying the larger applied voltage. In multi-drop method, it controlled by the
suitable adjusted voltage of each pulse. The proposed design is evidently effective until 5 main
pulses for two operating liquids namely Dowanol and UV ink (Chapter 5). The edible ink with
lower viscosity than Dowanol and UV ink was also used for verifying the effectiveness of
waveform design. The modification of “W” waveform was made to improve the droplet
performance from the lower viscosity of fluid in multi-drop method. The residual vibration was
reduced by rear-ramp deduction of “W” waveform as the preliminary vibration. It was proofed
to be effective to avoid the satellite and weeping occurrence and generate the clear spherical
droplet. The waveform design is also viable and more flexible to be used for other liquid with
different viscosity (Chapter 6). Good performance in droplet shape without satellite, ligament
and weeping occurrence give a big contribution in inkjet printer technology and intended to
achieve high print quality. The basic concept of controlling the droplet behavior particularly in
multi-drop method was summarized. The process of designing the waveform will be easier by
using the simple conceptual model of wave superposition principle. As a future challenge, it is
important to examine the waveform design in different voltage direction (polar) and different
apparatus. (Final Chapter).




=1
H

Actuation Wave

! |_"|‘!Jf FH ,'-'l!:;

ey

form l}cw“n in Multi- Hml)

ia:ctmn for High Print Quality of l)ol} Inkjet I’lmm

5 P |
Wil

e ey
)

sl }

SR /5]

VAV




Implicit Compe

ce on Indust




