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Friction, Wear and Scuffing Life of Piston Rings With Several Coating
for Low Friction Diesel Enging

Tae-Sik Ahn', Dae-Hyun Cho, Chung-Soon Oh and Young-Ze Lee*
Dept. of Mechanical Engineering, Sungkyunkwan University

Abstract — Wear and scuffing tests were conducted using friction and wear measurement of piston rings and cyl-
inder blocks in low friction diesel engine. The frictional forces, wear amounts and cycles to scuffing in boundary
lubricated sliding condition were measured using the reciprocating wear tester. The cylinder blocks were used
as reciprocating specimens, and the piston rings with several coatings were used as fixed pin. Several coatings
were used such as DLC, TiN, Cr-ceramic and TiAIN in order to improve the tribological characteristics. From
the tests wear volume of piston ring surfaces applied various coatings were compared. During the tests coef-
ficients of friction were monitored. Test results showed that DLC coatings showed good tribological properties.
TiN and Cr-ceramic coated rings showed good wear resistance properties but produced high friction.
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Fig. 1. Reciprocating wear tester.
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Fig. 2. Cylinder block and piston ring specimens.
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Fig. 3. Cylinder block and piston ring specimens.

Table 1. Condition of friction and wear test

Normal Load (kgf) Speed (rpm) Test Time (hour)
50 120 2

Table 2. Condition of scuffing test

Step Size of
Load (kgf)

Increasing Load

Initial Load (kgf) Time (minute)

30 20 3

2-2. A 4y

& AL vpE Al dlolEle] BAaks AME-SiA
3, PPEEE Fig 39 o] ¥ H¥ T e
Oz3sld vl Qo1& A& &, 45 A
H] WA

upz vpE AELS SAESW-40 2 FAdA Ra
0.68~0.70 pme] EH ZE & zte A¥H E5S AL
23192, 5485 S0kef, S5 120 pmOZ2 2A]7F
< T

279 dge P 2 AN Ra 074~
0.76 ;me] TH 2T & ks Ay 855 ARSI
T, 2718 300 NejA 273go] whld o) 7] ¢
AlSHE 200Ng v 3Euich Fastict.

[&)

ffa
i}

&

3. AlE A3

3-1. O ory A8

AT B2 AW npdEE Fig 40, i@ As
Fig. 59 vtk TIAIN giehs 928 o &
g o mpdake] 7P 213 DLC ¥¥ke] 7% 1t
Fol 7V¢ How, vbdAle = TE W] ujs)

g Db

Wear [mm?]

0 S :

TiN TiAIN Cr-ceramic DLC

Coating material

Fig. 4. Wear volumes of cylinder block
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Fig. 5. Friction coefficients.
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Fig. 7. SEM images of worn ring specimens.
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Fig. 6. EDX analysis of worn ring specimens.
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Fig. 8. Raman graph of worn ring specimen with
DLC coating.
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Fig. 10. SEM images of worn cylinder specimens.

170 kgf, 190kgfe] slEold zH2h LS, TiN Bt
oHal DLC #hete] 749 190 kgf7hA] 274 o] 2}
2 st ol ©A siEel ol et wlel 49
t 8= g9o] tE2A AEA7] wWEeln.

Z:ﬂjé A¥ F g2g Yo Al HEd £
2] SEM A& Fig. 10°] Wbt &713¢] 24 g

Auy B2 7 A5 SHo] oJF £ WA
7, 2A%8e] WA

Lo TiN uiute] oM
=1
=

okiel §3] )3 &4 WA 2e} DLC ¥

O:

IZEh )
e

A% 2790l A7 el gl AR BE9) 4 A EAwel &
= , - )
P a '8¢ (o

1z04 I § 120 i
80 RN Y . f £

— _f
40 r 40 f
0.2 0.2
0.t 3R
0.0 - ® o0
0.4 0.1
o2 o 5‘;0 1000 1500 2000 02 600 1000 1600 2000

tima (s} time(s)
(a) Cr-ceramic (b) TiAIN

200

It or P
o 190 LOAD ; r o 180 °"‘ o i
g 120 g € 120 it J
g
- - -t
86 - i 80
a0 _I_‘f a0
LES 0.2
& 0.4
w 0.1 8
b 2 -
o
0.1 0.1
0.2 0.2 g
o 500 1000 1600 2000 To00 1500 z000
time(s) timae(s)
(c) TiN (d) DLC

Fig. 9. Time to scuffing failures.
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