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ABSTRACT

Recently, 3D printing technology has been applied to various fields. In the m
anufacturing market of automobile and electronic products is in order to rapidl
vy develop and launch new products. MID, embedded, etc., such conductive cir
cuits pattern research on 3D printing sculpture surface making is actively und
er way. But, there is a problem that the surface of the sculpture made by 3D
printing has a stepped shape and an area error due to a step formed between
each layer and the layer, resulting in a rough surface of the sculpture. Theref
ore, it 1s necessary to study the surface roughness of the sculpture because t
he conductive circuit patterns on the surface of the sculptured material perme
ate between the layers and the layer can not be formed uniformly. In this pa
per, a 3D printing system based on photo—curable polymer material was devel
oped and process studies were carried out to improve the surface roughness
of photo-curable sculpture. The surface roughness of the photo-curable sculpt
ure 1s determined by the area error, and the area error can be controlled by t
he pattern thickness. Experiments were conducted on the pattern thickness us
ing the output pneumatic pressure and the printing speed as process variables
controlling the pattern thickness. Photo—curable sculpture was made by selecti
ng the process conditions according to the pattern thickness. The surface rou
ghness of the photo—curable sculpture fabricated by the pattern thickness was
measured using a 3D nano profiling system, and the change of the surface ro
ughness of the photo—curable sculpture was confirmed according to the patter
n thickness. In order to confirm the surface accuracy of the photo—curable sc
ulpture, the sculpture was fabricated under the same process conditions by us
ing FDM 3D printer which is widely known and compared with the surface r
oughness of the photo—curable sculpture. In addition, the surface precision pho
to—curable sculpture was confirmed by conducting conductive circuit pattern f

abrication experiments on the surface of the photo-curable sculpture.
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Table 1 3D printer technology classification due to materials
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= dotE . EFA AFS Adstr] fl& Table 294 #Zo] ZHH £k
(X-Y Stage Velocity), %= &% (Output Pneumatic), == A}o]Z(Nozzle Size),
UV 3F9¥9 M7I(UV Intensity), =& #3 7132 A (Stand-Off Distance) &
A2 T =F Aol =(400m), UV FHLe] A71(30 mW/cr), =& €3 7|# A
F200mE AW TE AAa fHFAd & FFE A= F9H 3¢ (20kPa

~ 60kPa)d ZHE E£E(40mm/s T 70mm/s)E WHER AASe] fEFAd o

Table 2 Process conditions for pattern thickness experiment

Nozzle size 400um

UV intensity 30 mW/cnf
Stand-off distance 2004m
Nozzle pneumatic 20 ~ 60 kPa
X-Y Stage velocity 40 ~ 70 mm/s
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Fig. 21 Pattern thickness experiment sample
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Table 3 Photo-curable sculpture making process conditions according to

pattern thickness

Process parameters Sample 1 | Sample 2 | Sample 3 | Sample 4
Nozzle Size(ym) 400 400 400 400
Layer thickness(/m) 300 250 200 150
Stand-off(um) 200 200 200 200
Printing velocity(mm/s) 40 60 70 50
UV Power 30 30 30 30
Out-pneumatic(kPa) 60 60 50 30
Pattern thickness(ym) 175 140 105 65

L

L . ' - - -
(a) Sample 1 (b) Sample 2 (c) Sample 3 (d) Sample 4

Fig. 22 Photo-curable sculpture making of pattern thickness
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Fig. 23 Surface measurement result of Photo-curable sculpture 174 using 3D

Nanometer
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Table 4 Four times surface roughness measurement on one side of

Photo-curable sculpture sample 174

Sample Sample 1 | Sample 2 | Sample 3 | Sample 4

o GlEFA | @A | GHEFA | GIEFA
S 175m) 140m) 105m) 65m)
1st 8.50/m 7.05um 5.88um 4.59m
2nd 8.82m 7.08m 6.08m 4.69m
3rd 8.79m 7.19/m 5.80um 4.51um
4th 8.61/m 7.26m 6.04/m 4.79um
Hi ¥H A7 8.74/m 7.1/m 5.9/m 4.63/m
EFHA 0.15 0.097 0.13 0.12
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Fig. 24 Average surface roughness and standard deviation graph of

Photo-curable sculpture according to pattern thickness
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Table 5 Manufacturing conditions of the sculpture made by FDM 3D printer

Process parameters Sample 1 | Sample 2 | Sample 3 | Sample 4
Nozzle Size(ym) 400 400 400 400
Layer thickness(ym) 300 250 200 150
Stand-off(ym) 200 200 200 200
Printing velocity(mm/s) 40 60 70 50
Pattern thickness(ym) 350 305 245 190
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Table 62 Sample 1 ~ 4°] Fx3d = W A&7|9 FDM 3D ZHH = A #}st
=

Eg= 2W ARVIE dEd molth F UhA Z™E AR A

Z28E9 ¥9d AV 94mzE FZ2IES FWH AAVIZF °F 477m v B
FA ] A e AU o= FEIFES S EFAF FDM 3D ZHHE A%
g 2= HEFARG O ¢fol WALAI HopAEg FxYPE W BY
=7t Skt

Table 6 Photo-curable sculpture of sample 174 according to pattern thickness

and surface roughness value of the sculpture made by FDM 3D printer

Printer
Sample Pattern thickness(¢m) | Surface roughness(m)
Technology
Sample 1 175 8.74
Photocurable | Sample 2 140 7.1
Sculpture | Sample 3 105 5.9
Sample 4 65 4.63
Sample 1 350 21.6
FDM Sample 2 305 17.4
Sculpture | Sample 3 245 13.3
Sample 4 190 9.4
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T =65um T =105um T =140 T =175um

Ra=4.63um Ra=359%um Ra=7.1um Ra =8.74um

Fig. 30 Measurement result of conductive circuit pattern production on the

surface of Photo—curable sculpture
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Fig. 31 Result of the conductive circuit pattern production on the surface of

the sculpture made by FDM 3D printer
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