The Journal of 4D and Functional Fabrication No.2 (2021) : 1-12 (2021)
©2021 The Imaging Society of Japan

Iz

B

14> v B Additive Manufacturing (& (T3
BEFREOLFNMHE

iy W e, A Rt

(2021.4.4 =)
Optical Properties of Stacked Interface in Inkjet Type Additive Manufacturing

Jun YAMAZAKI' Hikaru KOUTA," and Kenichi KIKUCHI*

When 3D modeling with inkjet additive manufacturing (AM) is performed using transparent resin, the 3D
model is viewed vertically in relation to the stacked surface (Z plane), and the inside is clearly visible ; however,
the other two surfaces (X and Y planes) are perpendicular to the stacked surface. Notably, when a 3D model is
viewed from a direction perpendicular to the surface, the model appears cloudy. The cause of the cloudiness may
be due to the optical characteristics of the stacked interface during 3D modeling. We investigated the optical
properties of the interface using various spectroscopic methods and optical simulations. We found that reflection,
due to the difference in refractive index between the interface and bulk, was the dominant cause of the clouding
phenomena. Additionally, we used optical simulations to show that light scattering was not the dominant cause of
this fogging phenomenon. It was confirmed that the clouding phenomenon could largely be prevented by
avoiding reflection.
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Fig.1 Electron cloud model of the fullerene molecule? formed in transparent resin. The lower half of the

figures was produced by overlaying the electron cloud on a conventional stick-and-ball model. Images (1)
and (2) show the electron cloud model of the fullerene molecule generated using the 3D modeling method
(conventional version). (1) View from the stacking direction ; the opposite side is clearly visible. (2)

View from a plane perpendicular to the stacking direction and appears cloudy, owing to the reflections of

light. Images (3) and (4 ) show the electron cloud model of the fullerene molecule (improved version).

Three axes (six faces) were 3D shaped to enable a clear view from any direction. (3) 3D image viewed

from the stacking direction. (4 ) Side view of the 3D model. The size of each dot is 0.3 mm.
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Fig.2 (1) Coordinate system of AM. The X-axis represents the printer head scanning direction, and the Y-
axis represents the printer head in 50 mm steps. The printer head moves 50 mm every time the modeling
width exceeds 50 mm. The Z-axis has a stacking direction and stacking pitch of 16 or 27 um, respectively.
(2) Model in which the stacking direction and modeling surface are in parallel (parallel model). (3)
Model in which the stacking direction and modeling surface are tilted by 45° (tilted model). (4) 3D
printed model (parallel model) before polishing (left) and after polishing (right). (5) Surface
roughness (arithmetic mean height) on the X face in samplel. (6 ) Surface roughness (arithmetic mean
height) on the Y face in samplel. (7 ) Surface roughness (arithmetic mean height) on the Z face in
samplel. (8) Surface roughness (arithmetic mean height) on the X face in sample2. (9) Surface
roughness (arithmetic mean height) on the Y face in sample2. (10) Surface roughness (arithmetic mean
height) on the Z face in sample2. (11) 3D print model (tilted model) before polishing (left) and after
polishing (right). (12) Surface roughness (arithmetic mean height) on A face in tilted model. (13)
Surface roughness (arithmetic mean height) on B face in tilted model. (14) Surface roughness
(arithmetic mean height) on C face in tilted model.
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Fig.3 Image of the transmitted light is shown by pointing a laser at the 3D transparent resin model (30 mm

side length). Images (1)-(3) show a parallel model, and images (4 )-(6) show an inclined model. (1)
Laser light from the X-axis. ( 2) Laser light from the Y-axis. ( 3) Laser light from the Z-axis. (4)-(6)
Laser light being applied perpendicularly to each surface.
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Sa 0.086 um, Z M Sa 58705 pxm, fE#}E 7V id a i Sa 0418
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Fig.5 2D birefringence image. (1)-(3) Images observed from the X, Y, and Z axes of the parallel model,
respectively (reference Fig.2(2)). (4)-(6) Images observed from the A, B, and C planes of the tilt

model, respectively (reference Fig.2(3)). (7) Color vs. angle index when the birefringence retardation

angle is displayed in color.
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Fig. 6 Refractive index diagram depicting all samples, presenting wavelengths of 400-1000 nm. The

direction of measurement of the samples is shown in the smaller figure.
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Fig.7 Diagram showing the optical path of transmitted light
inside transparent resin (30 mm side length) with a
stereomicroscope. (1)-(3) Parallel model where the
sample rotation is 0°, 9°, and 14°, respectively. (4)
Parallel model and beam transport model with a sample
rotation of 0°. (5) Tilted model and beam transport
model with a sample rotation of 0°.
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Fig.8 Transmission/reflection light diagram of the surface and multilayer film. Ny is the refractive

index of the atmosphere, Niyerace 1S the interface, and nyux is the bulk refractive index. E, and E;

indicate the p-and s-polarized electric fields, respectively. The figure on the left shows the

transmission/reflection diagram of the surface, and the figure on the right shows the transmission/

reflection diagram of the multilayer film.
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Fig.9 Optical simulation calculation procedure.
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Fig. 10 Optical simulation image after laser light is transmitted through a 3D transparent resin model. (1)

Initial distribution map. (2 ) Light scattering and Fresnel formula as a 1 #zm scatterer (N X scattering
length=16x10"°). (3) Light scattering and Fresnel formula as a 1um scatterer (N Xscattering
length=160x10"°). (5) Effect of the difference in refractive index at the interface. (4)-(6) show the
transparent resin at an angle of incidence of 0°, 10.8°, and 18°, respectively. At 10.8°, a branch of the
optical path appeared owing to the difference in the refractive index. (7 ) and (8 ) Light scatteringasa 1
um scatterer (N X scattering length =16 %10 °), Fresnel formula, and diffraction effect (up to order 10).
Image (7) has an angle of incidence of 10.8°, and image (8 ) has an angle of incidence of 18°.
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