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Three-dimensional (3D) scanning processes have been applied to a wide range of manufacturing industries for inspection
and reverse engineering. Especially, optical scanning method is used mostly as a non-contact scanning technique in
manufacturing field. However, it can be influenced from surface characteristics such as transparency and reflectivity. To
resolve these problems, various coating techniques have been studied for years. Among them, atomization-based coating
method is one of the key technologies to change its characteristics before scanning the objects. In this study, atomization-
based spray coating system is developed for producing a uniform thin layer. Then, a series of experiments are conducted
to evaluate the coating performance with the developed coating system. As a result, after coating the surface of transparent
and shiny target objects: glass slide, colour sample, cell cover, and clutch lever, 3D scanning results show that a uniform
coating of target objects is significantly improved. Its coating thickness is less than 1 um which means that it is important to

keep the geometry unchanged of the part.
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1. Introduction

Three-dimensional (3D) scanning processes have been widely
used in various manufacturing industry.! As the demand for
complex geometry has increased, the necessity of 3D scanner has
continually increased. A variety of 3D scanning methods have
been developed for evaluating the part quality and applying the
reverse engineering. 3D scanning process is one of the easy and
fast techniques for collecting the geometry information on
manufactured parts. The collected 3D data is useful for inspection

and quality control on manufactured parts.
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3D scanning process can be categorized into two major classes:
contact and non-contact methods.> Contact methods require direct
access the object which is scanned by physical touch probe.
However, it cannot apply the complex geometry because it is too
time consuming and limited to probing the surface with various
features. To overcome the limitation of contact methods, non-
contact techniques have been developed for many years. In non-
contact scanning method, geometry information on target object
can be stored by using reflective technique. 3D model is made by
passing radiation through the transmissive technique. Among

them, the reflective method is divided into optical and non-optical
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Fig. 1 Design of spray coating unit

based on the radiation type.*® Optical method is one of the basic
technologies for developing the optical scanners which are based
on a source of light from the target object. The scanning results are
dependent on the reflective index of the target surface because
various scanning methods are limited to scanning dark colours,
transparent and shiny samples due to the light absorption and high
and low refractive index.

To help the scanning process, various surface coating techniques
such as aerosol spray and atomization-based spray have been
studied.'®!! They can help to improve scanning results of shiny and
transparent parts. Especially, atomization-based spray is one of the
best ways to coat the target objects for producing a uniform thin
layer. It is crucial to keep the part geometry unchanged in less than
one micron.

Therefore, in this paper, the atomization-based spray coating
system is developed for assisting the 3D scanning process. Then,
characterization of atomization-based spray coating method is
carried out to find appropriate process parameters. The
experimental results show that the scanning performances are
significantly improved based on atomization-based spray coating
technique. The spray coatings are conducted up to 10 layers that
have a thickness of less than 1 um which means that atomization-
based coating spray technique cannot affect the part geometry and

can be useful for obtaining a uniform thin layer.

2. Experimental Setup

2.1 Development of Spray Coating System
Fig. 1 shows the design of spray coating unit which consists of
hollow cylinder parts with a honeycomb structure inside. The

hollow cylinder and honeycomb structure were fabricated from

Air inlet

Fig. 2 Atomization-Based spray coating system and preliminary test

PVC plastic. Especially, the honeycomb part can stabilize the flow
and reduce the turbulence.'

To produce micro-particles for a uniform spray coating,
atomization-based spray coating system was developed. As can be
seen in Fig. 2, it included a mixer with nebulizers (3655D-621,
VixOne). The compressed air was supplied to the nebulizers and
spray coating unit.

The developed system was preliminarily tested up to 50 layers
by using the black paper based on the water soluble white acrylic
paint. As a result, appropriate process parameters such as spraying
distance and air pressure were chosen by preliminary test. The
spraying distance and air pressure were about 30 mm and 2.07 bar,

respectively.

2.2 Selection of Target Object and Coating Material
Transparent glass slide, semi-gloss colour sample, shiny cell
cover, and shiny motor bike clutch lever were chosen as target
objects. As previously stated, the transparency, reflectivity, and
dark colour of target objects were main factors in causing problems
in optical 3D scanning processes. To overcome this problem,
various coating materials were considered. Among them, titanium
dioxide (TiO,) is the most important white pigment used in the
coating industry because it has a high refractive index which
makes sure of strong light scattering when incorporated into a
coating.!® For that reason, titanium dioxide white pigments were

chosen as a coating material to improve the scanning process.
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Fig. 4 Results of coating thickness

3. Experimental Results and Discussion

3.1 Coating Thickness Measurement

To study the coating thickness on the surface, nine glass sides
were used as a target object. The coating thickness was measured
by using a 3D non-contact optical profiler (Zeta-20, ZETA). All
experiments were conducted manually by considering the
industrial setting. The results of coated glass slides with 1 to 10
layers were shown in Fig. 3, respectively. As can be seen in Fig. 3,
when applying more coating layers on glass surface, uniform
distribution of coating material was visually observed. Especially,
Colour of 10 layers was thickly laid on compared to 1 layer.

Fig. 4 shows the results of coating thickness in six different
measurement points. As a result, thickness of each layer was 75
nm to 100 nm. For a uniform spray coating, the pigment size was
one of the key factors. Depending on the pigment size, the coating
thickness can be changed. In addition, coating speed and spraying

time on the specific surface should be consistent.

3.2 Scanning Results of Target Objects
Coated objects were scanned by structured-light 3D scanner (HDI
Blitz, LMI Technologies) with an accuracy of 120 um. The 3D

Fig. 5 3D scanning results of coated glass slides with 3D images of
the coated surface

Navy Blue Brown

Fig. 6 3D scanning results of semi-gloss colour samples

scanner was used to evaluate the performance of spray coating
system. The scanning results of 1, 4, and 10 layers were shown in Fig.
5. More coating layers, up to 10, can cover the whole surface of glass
slide. However, a few uncoated areas were observed at 1 and 4 layers.

Fig. 6 shows the scanning results of various colour samples.
Dark colour samples such as black, navy blue, and brown resulted
in limited data from the 3D scanner. In particular, in the case of
black colour, noisy result was captured because it had strong light
absorption instead of reflection. After coating the black colour
sample, the scanning result was substantially enhanced. The
coating thickness was less than 300 nm.

The shiny and black smartphone cover was used to study the
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Fig. 8 3D scanning results of a shiny clutch lever

efficiency of spray coating. Fig. 7 shows that the uncoated cover
had noisy results whereas the thin layer coating of less than 200
nm was applied to the smartphone cover. After coating the surface,
the quality of 3D image was significantly improved.

An anodized aluminium lever having a reflective surface was
used to study the coating effect in the 3D scanning process. Fig. 8
shows the scanning results of a lever. The scanning data of
uncoated parts was incomplete due to a shiny surface. After
coating the thin layer of about 300 nm with the atomization based
spray system, the lever was coated completely and scanned

successfully.

4. Conclusion

In this paper, the characterization of the atomization-based
uniform spray coating was studied. In order to coat the various
target objects, the atomization based spray coating system was
designed by means of 3D CAD software and developed.
Developed spray coating system was able to help the 3D scanning
process which was used to detect various manufactured parts.
Then, a series of case studies: glass slides, colour samples,

smartphone covers, and clutch lever with atomization based spray

coating system were conducted. In particular, 3D scanning results
were influenced from various properties such as transparency,
glossiness, and dark colour of the target object.

To overcome the problems, atomization based spray coating
method with titanium dioxide of coating materials was used. In this
experiment, when applying the 10 layers with a uniform spray
coating, the layer thickness was less than 600 nm. Therefore, the
micro-sized coating method was to improve the scanning results
and not affect the part geometry (less than 1 pm).

For the future work, the developed atomization-based spray
coating units can be applied to automated robotic spray system for
smart manufacturing. In addition, various machine learning
algorithms can be used to obtain the optimal parameters.
Automated robotic spray system will be expected to reduce the
production cost and improve the coating quality more than

previous coating methods.
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