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Abstract — Amorphous carbon (a-C) has excellent wear resistance and, therefore is used as a coating to protect
numerous mechanical components to prolong their lifetimes. Among the a-C coatings, diamond-like carbon
(DLC) and DLC-containing silicon (Si-DLC) receive extensive attention owing to their enhanced wear resistance
and low frictional characteristics. In this study, the friction and wear characteristics of DLC and Si-DLC coatings
are analyzed. For comparative analysis, DLC-coated and Si-DLC-coated vanes are utilized with the counterpart
of a roller for the friction tests. Since the lubricated mechanical components are generally vulnerable to wear
when a lubricant film does not form properly, friction tests are conducted under boundary lubrication conditions
to promote wear. A cylinder-on-cylinder type tribometer is used to perform the friction tests with various normal
load conditions. After the friction test, a 3D laser confocal microscope is used for quantifying the wear volume
to calculate the wear rate of each specimen. Consequently, the DLC-coated specimen shows a lower coefticient
of friction (COF) and wear rate than the specimen without the coating, while the Si-DLC coating shows a higher
COF than the bare specimen. The results of this study are expected to contribute to improving the efficiency and
reliability of compressors.

© Korean Tribology Society 2022. This is an open access article distributed under the
@ @ terms of the Creative Commons Attribution License(CC BY, https://creativecommons.org/
licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction of the work
in any medium, provided the original authors and source are properly cited.

Keywords — Coating hardness(Z ¥ 7 &), Compressor(% = 71), DLC coating(DLC 3 ¥), Surface topography
(¥ F7), Vane(Hl 1)

; : : 1. M B

Corresponding author: Dae-Eun Kim

Eel: f?zl;,z'zdl252822’,1:3"1;:82'2'3 122159 =IA| oA R 7] - (International Energy Agency, IEA)]]
-mail: kimde@yonsei.ac. o R e
https:/orcid.org/0000-0002-6095-5138 T2 20509714 AT 298k 218} o] d SR



AN #E2] DLCEE A8 me Eefo]224)4 54 A7 9

2°C =) A3k Yste] Co, w3 vt dash,
0|2 93k 7P A 715 oA &8 Folgt B
SIATHIL. vl= olUAF= EfolE2A] 7 /deS
E3) 2.1%2] GNPl E3h= ouAE dokst &= o
Busigon ouz] &4 S B oz} 7PdAlE, A}
BAF, WA AR, B, 39 5 TR 71A Al
2"o] g Qg H7]=E vl&o] EATRE 70%
o deithar e Avh2). olAH 71l FFE T FE
Zke] wis} wim g Qs Al2wle] ofjuix] &4 9 K
o] WA Ashe o3 FEsljof sle 23 w4
tH3). ol& F537] 1% ¥y % skl DLC 28
=L 7xe) BHoA 9] W wlEAg, =8 3lely

474 50 8l ofF A} Eolellr] e AREL

W
B

,d
2 rle

il

o
<}
N
N
v

= 5E 79 AUEEE ) f8de] AER] E
ke AASES AP At o|= Q) AAeE &
Aol =z B nlm £ T, s dEke A wlS-
Z831tH10-12].

Ay e 293E B8 1a8S 248 4 9
T RE 7] AAR A 7|AIF 5A0] AsE o
T4 EHolA oS w4 it B dYe A=
A FFo vt 2 BAEE AEA e ZE Al
2}, T8 AR FARE 3EE ZARE sk AA F
Zg Aol ARHE polyvinyl ether (PVE) oil 2 DLC
o] AgH wdy B8 FES &8s, AALE
AN vk AlES et £ ATe AdelA
vl Algo] K=l om, o= AxzyA o] UntAQl 2
T 2521 100~110°Cel= Adolgh 2=7dolnt. S8-/= At
49 PVE oild H&E= 100°CY ©, 7.53 mPas, 40°C
d uf, 62.4 mPaselth. & AlM= PVE oile] A=rt
It A=A 25 LxoA B} =2 3
A ahE Al Rt whEba AREFQl 2hE 271
of vl 7=t Z27olA i Alddo] FEEE s &
QAsl7] flal Hasgd FA 2 FAS A ARkst
o AAEE DAY EIs5 .

M=

2. ol U 48

2-1. Al Z=H|

£ AFIME Fig. 19lx19k o] SUS440C A= A2}
#2126 x 30 x4.73 mn)e] =2EFERE 4.9 mm)
o] Igo] HEHA] & A AJH, DLC IHo] #g5

Fig. 2. Contact part of roller as a counter surface.
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Table 1. Experimental conditions
Condition] Condition2
Normal load (N) 5 25
Sliding speed (rpm) 200 100
Cycle 20,000 144,000
Hertzian contact stress (MPa) 468 800
Lubricant PVE oil
Repeating 3 times
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Fig. 4. Surface roughness measurement results.
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Fig. 5. Vickers hardness test results.
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Fig. 6. COF measurement results under the normal
load of 5 N, sliding speed of 200 rpm, sliding cycles of
20,000 conditions.
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Fig. 7. COF measurement results under the normal

load of 25 N, sliding speed of 100 rpm, sliding cycles of
144,000 conditions.
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Fig. 8. 3D laser confocal microscope images of (a)
specimen A, (b) specimen B, and (c) specimen C.
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Fig. 9. Wear rate measurement results under the
normal load of 25 N, sliding speed of 100 rpm, sliding
cycles of 144,000 conditions.
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Fig. 10. 3D laser confocal microscope images of the
wear track for (a) specimen A, (b) specimen C and surface
profile images for (c) specimen A, (d) specimen C.

Fig. 11. 3D laser confocal microscope images of the
wear track of the roller about (a) specimen A, (b)
specimen C and surface profile images of the roller
about (c) specimen A, (d) specimen C.

Table 2. Surface and tribological characteristics

Properties A B C
Surface roughness 033 036 045
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