Tribol. Lubr., Vol. 35, No. 6 December 2019, pp. 337~342 ISSN 1229-4845(Print) * 2287-4666(Online)
Tribology and Lubricants http:/Journal.tribology.kr

DOI https://doi.org/10.9725/kts.2019.35.6.337 |

oo| Zajo|Y W ME Ealo|ERXH
EM o7

3D =ZZIElE]

FH

HMS' - F2| A% LEEA O 7127 - MIE - A2

‘AMT et 71 AlE S AR A
g zuolsty 2AdAdH A EejEst sy
‘A et 71A|F 8t Bpakag A
‘Ar et ZAg et A ase

A Study on Tribological Properties of 3D-Printed Surface
with Respect to Sliding Orientation

Jae Woong Sim', Christian Nicholas De Caro’, Kuk-Jin Seo’ and Dae-Eun Kim*'

'M. S. Student, Department of Mechanical Engineering, Yonsei University
’Undergraduate Student, Department of Physics & Astronomy, University of California, Los Angeles
’Ph. D. Student, Department of Mechanical Engineering, Yonsei University
*Professor, Department of Mechanical Engineering, Yonsei University
(Received October 2, 2019 ; Revised November 25, 2019 ; Accepted November 26, 2019)

Abstract — This paper presents an experimental investigation of friction and wear characteristic with respect to pat-
terns occurring on the surface of 3D printed polymer products by fused deposition modeling method. The purpose of
this study was to investigate the effect of the patterns and sliding directions on the tribological properties of 3D printed
polymer surface. A cubic specimen was printed using polylactic acid filament as the printing material. Friction tests
were conducted for different directions with respect to the patterns that were generated on the top and the side surfaces
of the specimen, by using a ball-on-reciprocating type tribotester. SUJ2 bearing ball of which the diameter was 11 times
greater than the width of the largest pattern was used as the counter surface to assess the frictional behavior. Friction
tests were conducted on the top and the side surfaces with respect to the patterns in 3 (0°, 45°, 90°) different directions
respectively. Coefficient of friction increased as cycles increased in all cases. The results of the tests showed that the
lowest coefficient of friction was measured with the 45° sliding direction on the side surface. The wear rate was the
lowest at 45° sliding direction on the side surface, while it was the highest at 0” sliding direction on the top surface.
Coefficient of friction of about 0.45 was determined to be the converging value on the top compared to the side surface.
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FDM %2]9] 3D ~#H AE F polylactic acid
(PLA) &= S2EMA FE2H vo|Q Z2M=E A B/t
7Fsgh 31873 AAlolut, HAol =aL el disll W%k
g AEE GEA AvHB]. olHF HHES Bekstarat
PLAY] A& 7l 71413 E4& Zslstal Erfol
E2A) A A AR AEo] HarEo] ATh8g,9].
71E, Aol 5] AEA AR7F H7FE PLA Sl
gk Egfol 224 a3E AR A7t Barso] 9}
o, #F dFeolME 3D ZUH ¥ Eo| ofd B
o]-gsto] Azkgk Aol thsl AES xsste] F
Hol| o3t g3 Husk] QTHS. HHE Tt AT
o4& PLAS} PLA-graphene ZEfHEE o]83}]
FDM 2|0 =2 3D ZJY g A|He| EgfolEax|4] &
S vjwstk vl ok sg A--ellA= pin-on-disc W4
o] wiz AP KPaiiont, vl kel tigk e
TS ZARSHA] 23T 10].

B AgoE FDM WH)9] 3D ZHEIE Al&3%E PLA
AlAe] st WAk dde] tigh EgfolEgA)H &
e ARSI mlzE W) wpE FEle] niE 9 nf
R 548 2P| S8l vy WEks et o, 45
90°0] W3Fo = AAste] 77} miE Ag Xt
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2. A |

2.1. A|E Z=H|
E A= FDM 9o 2 A7k AJHo| Zdzo =
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Top surface

direction Side surface

Fig. 1. Specimen (20x20%20 mm’) made with PLA by
the 3D printing machine. Layers were piled up from
the bottom in sequence.

Table 1. 3D-printing condition of FDM

Printing Condition Value
Layer thickness 0.05 mm
Printing speed 20 mm/s

Movement speed 20 mm/s

Nozzle temperature 200°C
Filling density 100%
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Fig. 2. Laser images of (a) pattern on the top surface and
(c) pattern on the side surface of the specimen taken by
3D laser confocal microscope. Red arrows show sliding
directions of the friction test. (b), (d) is the same images
indicating the height of the images (a) and (c), respectively.
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Table 2. Friction test conditions

Tip 8 mm diameter SUJ2 ball
Normal load 5N
Sliding speed 6 mm/s
Sliding stroke 3 mm
Cycle 5,000
Temperature 22~25°C
Humidity 25~30%RH
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Fig. 3. Ball-on-reciprocating type tribotester.
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Fig. 4. Coefficient of friction with respect to the 3 sliding
directions on the top surface.
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Fig. 5. Coefficient of friction with respect to the 3
sliding directions on the side surface.
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Fig. 6. Wear rate of friction tests on the top and side
surfaces with respect to different sliding directions.
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Fig. 7. Wear track images and the profiles of (a) the top surface with 0°, (b) 45°, (c) 90°; (d) the side surface with 0°,
(e) 45 and 90°. Each blue line on the wear tracks images shows the profiles respectively. Blue and white line in (e),
(f) indicates wide and narrow part of wear width in each wear track, respectively.
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