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With the development of 3D printing technology, its applications are expanding. However, 3D printed parts present a
challenge in achieving high-quality surface roughness because of stair stepping problems. With the recent application of 3D
printing in electronics and the visibility of flow in microfiuidic systems, high-quality surface roughness is needed. Chemical
mechanical polishing (CMP), one of semiconductor fabrication processes, has the longest planarization length in terms of
productivity among existing planarization methods. In this study, we investigate friction characteristics of polishing of ABS-
Like resin material printed by the Stereolithography Apparatus (SLA). At the polishing of ABS-Like resin, the friction force
has a high value at the beginning of polishing, but it stabilizes as processing progresses because of the effect of waviness
on the printed material. The surface roughness (Sa and Sz) reduction and the glossiness of ABS-Like resins after polishing
appear to be related to the reduction of the Shore D hardness resulting from the rise in the polishing process temperature
caused by friction during polishing.
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Fig. 1 A representative 3D surface profile of ABS-Like resin disk
after SLA 3D printing (Sa 1.633 pm and Sz 11.165 pm)

Sensor %ﬁolishing
: . 3~ Head

Fig. 2 Polishing machine and sensors for friction force and
temperature measurement

o ==

3D ZaAYE folw AHe] Hx EW AW/: B Sa
(Arithmetical Mean Deviation) 1.513 pm, Sz (Maximum Height)
10.645 pmE 7H2Ick. T3k 32 e o] Ft2 14.55 GUOt}. AlH
o] 39 A7|= HlolA s3] )% (NS-3500, NANOSCOPE
SYSTEMS Inc., Korea)S o|-83}gion, T Feis Lel
(NHG268, 3nh®, China)E o|&3}o] 24319t} Fig. 12 o]
A BEH A0FOR ZHE AU BH BYS HolZth B
AN e ABS §AF RI0] S4A o) B =
Be B3 ARAAL 270l §olA gl Tl #2719t e
o] BHoA AF7F ARt AlHo|A S S Ax]= Al
o AT FAARE A-sh-2-¢ Wk 20mm AP F
SA|H ol

ool A2 93l R&DE ¢1ut #F](POLI-400, GnP Technology
Inc., Korea)5 ARE-3FGlow, npahe] gl An} F 2=0] HUjE
& Y8l & AlA(Type 9135B, KISTLER, Swiss)g v} 3=
FlHof| Fapsilon, Ao &%= AlA(FT-H30, KEYENCE,
Japan)y& ARESto] dAnf =9 25 S5t (Fig. 2). nhz

ot

oL

H



November 2020 /799

Table 1 Experimental conditions

Pressure [kPa] 19.6-49.0
Rotating speed [rpm] 40-160
Slurry flow rate [ml/min] 150 ml/min
Slurry Colloidal silica slurry
Polishing pad KONI pad
Polishing time [min] 10
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Fig. 3 Sa and Sz roughness reductions, and glossiness as a function
of P-V (Multiplication of pressure and velocity)
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Fig. 4 Friction force as a function of polishing time under various
pressures
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Fig. 5 Average friction force and standard deviation of friction force
as a function of pressure
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Fig. 6 Friction force as a function of polishing time under various
rotating speeds
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Fig. 8 Sa and Sz roughness reductions, and glossiness as a function
of temperature rise
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of temperature rise

85.0

80.0

o %‘é\i
o T\é

65.0

Hardness (Shore D)

60.0 . 1 . 1 . 1 . 1 . ! . 1
20 25 30 35 40 45 50

Temperature (°C)

Fig. 10 Sa and Sz roughness reductions, and glossiness as a
function of temperature rise

>
o

Zof mE 3wl A A7]0) ol elwete] wAeh w
of Belck. ABS f4+ 5A]9] dnt 7kg % mhde] o)
o] A7} vobd et YRAAZL golstA 7] uio]
AR719) g, 7HE o WeEs} uhe] olg 7HE &
A5 AFAQ BAE Bolk Ho8 Hols Aoz %
t}.

wetd], 3D TAYE ABS A} 510 dnt o)A f
dat S F7lol 3] ARAAR] F7kstel ER ALY}
Fasie], FEEsl Sk Ao® Melth e Qe 4
7} F7He4E dlnt % sk npI AR Qlsto] ABS 94} 5
9] A7t hasle] NAH ARAAS Bk Golsh| she
Aoz B,

o)
30 T

R B >
s A =)

£ Aot B8t 29 WAIY 3D ZUEES BEste] 9|
o &l a79] AnpolAfe] nha v

2% B4T FW AW Ga, /T T Femo|

r

s

w
o
|l
r
ot
ol
1>
[ o
m{N'
_m

2%l ABS AL =2 9] dulol A T
A719] a9t %WJE% Preston®] A]of| whe} e} L9

5! qlom, o= et £x0] F7to| wt
olgh avt= EO]E} ABS A} 4] 9]
ob 7k Z7]0E Al RO E3S AlASh: IgolA =
S Holorh 7k Alzto] Xl”vi HstE= A
Helck, rglal H=of g AF Al v ZELE-%S do] 7t
HrE F71ohs B, S STk E}EP N ’_‘;g‘% 7??«‘1
Toll A2l ABS fAF A9 Avp=
oIfeS YallEth 3, ABS frA —rXH ﬁ‘ﬁ 7%% 1 iy
U R R L e ] < IS S e o o) g
250 Asat g IAE Boon x| A

r‘_&

of B~ rl et o rlo @ oy X

ABS 4} :2)2] AEg Wit A morh. dul F v
o ofst B Lwo] A5 WAL ABS $4}F SA0] AR
3 2 ASAVKE BoloA shof Ae] st A3719] ghas

Z7P7)sE B8-S S Aow o

FE ABS 4 440l Qinke] ols|E $i9) vt e 5
=3 @ Y 517), Zeje] L& Fol the EcfolBaA AT}
2 a3 2olch

ACKNOWLEDGEMENT

H =12 2020 % BB21+ A} 20184 3¢l th(No.
NRF-2018R1D1A1B07043169)2] 2| 4L who} S=a)=] w}A|Q.

REFERENCES

1. Dizon, J. R. C., Espera Jr, A. H., Chen, Q., and Advincula, R.
C., “Mechanical Characterization of 3D-Printed Polymers,”
Additive Manufacturing, Vol. 20, pp. 44-67, 2018.

2. Paolini, A., Kollmannsberger, S., and Rank, E., “Additive
Manufacturing in Construction: A Review on Processes,

Applications, and Digital Planning Methods,” Additive
Manufacturing, Vol. 30, Paper No. 100894, 2019.
3. Yang, Q., Lu, Z., Zhou, J., Miao, K., and Li, D., “A Novel

Method for Improving Surface Finish of Stereolithography
Apparatus,”  The International Journal of Advanced
Manufacturing Technology, Vol. 93, Nos. 5-8, pp. 1537-1544,
2017.

4. Zhang, S. U, Han, J, and Kang, H. W. “Temperature-
Dependent Mechanical Properties of ABS Parts Fabricated by
Fused Deposition Modeling and Vapor Smoothing,” International
Journal of Precision Engineering and Manufacturing, Vol. 18,
No. 5, pp. 763-769, 2017.



802 / November 2020

10.

11.

12.

13.

14.

15

16.

17.

Williams, R. E. and Melton, V. L., “Abrasive Flow Finishing of
Stereolithography Prototypes,” Rapid Prototyping Journal, Vol. 4,
pp. 56-67, 1998.

Ahn, D. K. and Lee, S. H., “Improving the Surface Roughness
of SL Parts Using a Coating and Grinding Process,” International
Journal of Precision Engineering and Manufacturing, Vol. 8, No.
3, pp. 14-19, 2007.

Lu, B., Lan, H., and Liu, H., “Additive Manufacturing Frontier:
3D Printing Electronics,” Opto-Electronic Advances, Vol. 1, No.
1, Paper No. 170004, 2018.

Lee, H., Lee, D., and Jeong, H., “Mechanical Aspects of the

Chemical Mechanical Polishing Process: A  Review,”
International ~ Journal —of  Precision  Engineering  and

Manufacturing, Vol. 17, No. 4, pp. 525-536, 2016.

Zhao, G, Wei, Z., Wang, W., Feng, D., Xu, A, et al., “Review
on Modeling and Application of Chemical Mechanical
Polishing,” Nanotechnology Reviews, Vol. 9, No. 1, pp. 182-189,
2020.

Zhong, 7., Wang, Z., and Zirajutheen, B., “Chemical Mechanical
Polishing of Polycarbonate and Poly Methyl Methacrylate
Substrates,” Microelectronic Engineering, Vol. 81, No. 1, pp.
117-124, 2005.

Kourouklis, C., Kohlmeier, T., and Gatzen, H., “The Application
of Chemical-Mechanical Polishing for Planarizing a SU-8/
Permalloy Combination Used in MEMS Devices,” Sensors and
Actuators A: Physical, Vol. 106, Nos. 1-3, pp. 263-266, 2003.

Lee, H., Joo, S., Kim, H., and Jeong, H., “Chemical Mechanical
Planarization Method for Thick Copper Films of Micro-Electro-
Mechanical Systems and Integrated Circuits,” Japanese Journal
of Applied Physics, Vol. 47, No. 7R, pp. 5708-5711, 2008.

Lee, H., “Tribology Research Trends in Chemical Mechanical
Polishing (CMP) Process,” Tribology and Lubricants, Vol. 34,
No. 3, pp. 115-122, 2018.

Jo, Y. S. and Lee, H. S., “Friction and Wear Characteristics of
ABS-Like Resin for 3D Printing under Non-Lubricated
Condition,” Journal of the Korean Society for Precision
Engineering, Vol. 36, No. 12, pp. 1117-1124, 2019.

. Yang, C. M. and Hrnjak, P., “Visualization of Two-Phase Flow

of R410A in Horizontal Smooth and Axial Micro-Finned
Tubes,” International Journal of Heat and Mass Transfer, Vol.
138, pp. 49-58, 2019.

Bae, S. J. and Im, D. J., “Comparison of Surface Characteristics
according to 3D Printing Methods and Materials for the
Fabrication of Microfluidic Systems,” Korean Chemical
Engineering Research, Vol. 57, No. 5, pp. 706-713, 2019.

Dutta, S. S., “Water Absorption and Dielectric Properties of
Epoxy Insulation,” M.Sc. Thesis, Norwegian University of
Science and Technology, 2008.

18. Preston, F., “The Theory and Design of Plate Glass Polishing

Machines,” Journal of Glass Technology, Vol. 11, No. 44, pp.
214-256, 1927.

19. Liang, H. and Craven, D., “Tribology in Chemical-Mechanical

Planarization,” Taylor & Francis, pp. 69-72, 2005.

Jungyu Son

Master student in the Department of
Mechanical System Engineering, Tong-
myong University. His research interest is
chemical mechanical planarization (CMP).
E-mail: ccczeze@hanmail.net

Hyunseop Lee

Associated Professor in the School of
Mechanical Engineering, Tongmyong Uni-
versity. His research interest is CMP, abra-
sive machining, and tribology.

E-mail: hslee@tu.ac.kr



	Effect of Frictional Characteristics on Surface Roughness and Glossiness in Polishing of ABS-Like Resin
	1. 서론
	2. 실험 조건
	3. 실험 결과 및 고찰
	4. 결론
	REFERENCES


