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Frictional characteristics of coating layer in diesel engine piston

ring

J. H. Jang, B. D. Joo, H. J. Lee, E. H. Kim and Y. H. Moon

Abstract
The frictional behaviors of Cermets/Cr-Ceramics and Cu-Al coatings of piston ring were investigated. Friction tests
were carried out by pin-on-disk test and materials properties of coating layer were analyzed by nano indentation tester.
Higher friction coefficient was obtained at harder coating with rougher surface. In case of hard-coating, the scratch depth,
width and pile-up height had close relationship with indentation hardness. So the scratch width, depth and pile-up height
increases with decreasing friction coefficient. But in case of sofi-coating, the friction coefficients are strongly dependent
on the morphological characteristics after nano scratching more than indentation hardness.

Key Words : Piston ring, Coating layer, Nano-indentation, Nano-scratch, Pin-on-Disk(POD), Friction coefficient

1. M E

Cermets 3 Cr-Ceramics A 5= o g 7}7‘}
< .?—]z‘s]- U}U 7\1?‘5&/\40] =2 zﬂgg a9
olzgt AF & A ﬂ‘rOMQH
G5 240 thaA wlunye U
7HA 7] Wgo] H2FE ¥ ¥9 39

g AHeE HLgdA. 28 Yo W 3
’Y gholiete] AEWolM ZE2 nimed
AHE F71E
T ATH1-2].
UP“?%}*‘“ nyg $x9 =
ng}—g} 3 vgko) A 0}_6_
013:]’ a{zﬂ- u]ﬂr‘ﬂ —‘*E ;ﬂﬁ
s AA & 2HA Y uviE A% Fg
LKA o]}[3~4)].
e 2FRAE o FLe 2Ade 1A F
=4E SR8 Y8 g8l AlEHE J)EEA,
olgd vlEAS B4 FEB So] 2HL =3

J’: ra m2 i

N & orlo o B s ook

_gg
mux

fﬂ]ﬁl

701

&

A7)0, XHFL«l 97

Ougi'mZ:&Er]orﬂﬁi

}41 2
FE.
12
Ftl off
g
N o
Lo S B

iy

o

1‘?‘- tH*—’h‘l’- ZATRR/ALAYE € FYHF A7
AMA A RS, E-mail:yhmoon@pusan.ac.kr

- 294 -

T 9len e gFer IY Fo 23R A
F4 L B7sted AHEET(5~6].
€ Ad7olMe AAE ¥ 29 F9 wE BA

79 J2E 3 3" )
Pin-on-Disk(POD) Al@& B3 Ay o]y}

HAE ¥ 38 F Alo]9 wRAFLE FH3A
ot 9 A= B4 59 A AL BY
371 HA3A U ddEHl A AES AL
9, 23z F, Zo], - (pile-up) ¥°] 59
AFHA @ BHY 4 EA E4S 984 U
L 23HA AlEES A

2. AE 4y

2.1 AE ME

;q)si al,,] EA 7
°oJY & 7]% 2

FYS Type V~VI
= 943 39S L}E}‘Iﬂ‘:}.



Fig. 1(@y(b)oll Ve Type I 11 9] 3¢ IE-&
FulE AsEZ FAHO 9ov, ECD(electro-
chemical deposition) " Hol 93] ZEESOon =

¥ Z 9 F= TypeI-0.33mm, Type [1-0.31mm ©] t}.

Fig. 1()~(@)°) Yebd Type 1L, IV &= Zef=v} &
Al(plasma-sprayed) ol o] ZEEUow, =
g Z9 4 Type I11-0.7mm, Type IV-0.39mm ©|
t}. Fig. 1(e)~(Holl YEFH Type V-VI & Cu-Al TF
oz FEAZT F& AFE HyYr o]FolH
uor, I8 F9o FAE Type V-0.2mm, Type VI-
0.28mm ©] t}.

(a) Type 1 (b) Type I

(c) Type 111 (d) Type IV

(e) Type V
Fig. 1 Microstructures of piston ring materials
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Fig. 2 Schematic drawing of Pin-on-Disk test
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Fig. 4 Schematic illustration of scratching mechanism
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Fig. 6 Friction coefficient at various disk surface
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Table 2 Results of nano-indentation

Scratch Pile—up
Hardness | 0t height
(GPa) (¢m) (nm)
Type | 9.7 2.268 39.781
Type I 5.6 2.649 63.767
Type II 4.5 3.757 146.11
Type IV 3.7 4.582 198.586
Type V 2.1 5.494 273.753
Type VI 2.0 6.323 314.659
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Fig. 7 Morphological characteristic after scratch test
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