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Abstract

Several new inkjet printing applications require high throw
distances or high printing speeds. In such configurations, com-
plex airflows occur in the gap between the printhead and the
substrate, potentially jeopardizing the print quality by deviating
the ink droplets. To better understand the airflow effects on the
droplet’s trajectories, a novel inkjet printing platform has been
developed. The latter allows the full control of the different pa-
rameters, from the laser sheet intensity to the axis motion, to the
fog generation, to the print head driving waveform. The system
has been fully automatized and allow for large parametric study
to be performed, key for unstable flows requiring for statistics.

Introduction

Driven by the digital revolution and the demand for person-
alized products, inkjet printing has evolved from being mainly
used for graphical applications to a digital fabrication toolkit.
Nowadays, functional ink drops are deposited on substrates of
increasingly complex geometries (see Figure 1) [1].
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Figure 1. Context of the project.

As a result, the distance between the print head and the sub-
strate is not always constant and can go up to several millime-
ters to avoid collisions or heat effects. This is in stark contrast
with the classical working conditions of inkjet printing, where
the print head is located 1-2 millimeters from a flat substrate.
Furthermore, the industry is pushing for higher productivity, re-
sulting in higher printing speeds. Today, the printing quality is
dramatically compromised at higher throw distances and printing
speeds by the appearance of severe drop misplacement effects.

The rationale for these undesired patterns (see Figure 2),
usually referred as wood-grain, is the complex and unstable air
flow that affects the drop trajectory for large gaps and high-
productivity settings. In fact, when increasing the throw distance,
the air flow produced by the jetted drops becomes increasingly
important and interacts with the air flow induced by the relative
motion between the print head and the substrate [2]. Further-
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Figure 2. Example of wood-grain effect. The printed image should be of
uniform color.

more, the latter is perturbed for larger gaps by external flow ef-
fects, as the transient ones induced by the varying curvature of a
3D object. Flying drops over long distances loose kinetic energy
and are therefore deviated by these unstable eddy flows, eventu-
ally resulting in drop misplacement [3].

The aim of this project is to study the air flow and reduce
its undesired effects on the drop trajectory to achieve higher print
qualities at higher throw distances and higher speeds. To be able
to visualize the airflow, a new sophisticated and versatile printing
platform has been developed.

Materials and methods

A new versatile and automatized printing platform (see Fig-
ure 3) has been developed, including a dual camera system and
a high-speed camera, a laser sheet generation system, a fog gen-
eration system, several possible print heads and a circulating ink
supply system. Everything has been automatized and synchro-
nized with the custom-made FPGA.

Figure 3. Printing platform.
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Results

Beside the developed printing platform, which is a result
itself, some very interesting flow visualizations could already
be done and conclusions drawn. In addition to the well-known
Couette and droplet-indued impinging jet flows, Poiseuille flow
contributions due to pressure differences on both sides of the
print head as well as inertial flow effects have been observed.
The two latter contributions are mostly overlooked in the litera-
ture but can be either beneficial or detrimental to the stability of
the flow [1, 4]. Furthermore, since more complex flow config-
urations have been studied, very interesting airflows have been
identified (e.g. vortex shedding behind the print head for low
confinements). The effect of the printing gap, printing speed, in-
terleave printing, transient phenomena, have been investigated in
this study.

Figure 4.
4.5mm throw distance and 5 pL droplets at 600 dpi.

Example of measured airflow field for 0.3m/s printing speed,

Conclusions

The key asset of the platform, where all subsystems have
been developed internally, is the full control of the different pa-
rameters, from the laser sheet intensity to the axis motion, to the
fog generation, to the print head driving waveform. The system
has been fully automatized and allow for large parametric study
to be performed, key for unstable flows requiring for statistics.
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