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Major Factors that Affect Friction and Wear
of Metals in Boundary Lubrication

Jong-Kwan Ryu, Hong-Chul Lee and Dae-Eun Kim*

Graduate School, Yonsei University
*School of Electrical & Mechanical Eng., Yonsei University

Abstract—Many lubricated systems experience boundary lubrication condition during operation. However, the
friction and wear characteristics of boundary lubrication are not clearly understood. In this work the factors
which affect the friction and wear between boundary lubricated metallic surfaces are investigated. Experi-
ments were performed using a pin-on-disk type tester with pure aluminum, pure copper, and SM45C steel as
the disk material and steel, stainless steel and bearing ball as the bail. The experimental conditions were
determined according to the Taguchi experimental method. From the experimental results, the major factors
that influence the friction and wear characteristics of boundary lubrication could be identified.
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Table 1. Levels of selected factors
FEIAS} 715 1 2 3

SEFHT (S A 10 32 -
FEHF2E(C B 40 70 100
F2) 345 (gf) C 200 500 800
LT (m/s) D 01 0125 0.15
n| 118 A2 (m) E 300 500 700
EAE (Hv) F 230 350 780
tA3AE (Hy) G 40(AD) 100(Cu) 230(SM45C)
gamAd um) H o ~1 1~4 4~7

Table 2. Properties of lubricants

guza = (cSY Sk k]
at 40°C 0
ISO VG 10( 52 1) 9~11 130 ©] %
1SO VG 32( 5 2) 28.8~35.2 170 ©]4+
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Table 3. Hardness of balls and disk specimens

T Steel ball SUS ball

Bearing ball

Al Cu SM45C

Hardness (Hv) 230 £ 5 350 £ 5

780 40 x5

2305

§5E HAILEE 2 FEAY ASE Ly, 3 55
AR A LeltH9]. B A7l E 3 £E49
AAIZEO|EZ Table 1904 4GS Zzhe] JIAE
T L AAHEES 189 §8F AZAE &3t
I Aoz g Haa AlHe ARZH7HA
B33l HTH10]. APS Table 4914 AH|AJSE 18714
AP0 231% WM HAstHA updA|ee) &
o npEASFE A5

22 MEEX W HHUY

221 WEEX R Yy

AAEE AdeodM Y wizmtd AEE FY3))
sl & AFE7] el 7RIS AA¥l &
g4 2xzdo] 7Is3lesE Fig. 13 722 pin-on-
disk 48 AXE 7433 e, Fig 204e 483
28] THTE BHAFT gk

pin-on-disk A¥F2= #F AL oA 3
Aske Y&z Fh 73] F4 Eo] HEEHUEA

Table 4. Assignment of factors
A= A3

No, B C€C D E F G H
1 1 1 1 1 1 1 1 1
2 1 1 2 2 2 2 2 2
3 1 1 3 3 3 3 3 3
4 1 2 1 1 2 2 3 3
5 1 2 2 2 3 3 1 1
6 1 2 3 3 1 1 2 2
7 1 3 1 2 1 3 2 3
8 1 3 2 3 2 1 3 1
9 1 3 3 1 3 2 1 2

10 2 1 1 3 3 2 2 1

11 2 1 2 1 1 3 3 2

12 2 1 3 2 2 1 1 3

13 2 2 1 2 3 1 3 2

14 2 2 2 3 1 2 1 3

15 2 2 3 1 2 3 2 1

16 2 3 1 3 2 3 1 2

17 2 3 2 1 3 1 2 3

18 2 3 3 2 1 2 3 1
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Fig. 2. Schematic diagram of the experimental set-up
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Table 5. Environmental conditions
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Table 6. SN ratio of the result

43 No. opEA uhd A
1 10.60 41.33
2 10.90 -1.87
3 13.35 4.85
4 12.58 -5.52
5 13.35 23.89
6 14.06 18.57
7 11.01 -6.45
8 15.90 15.88
9 12.03 2.92

10 15.90 49.60
11 12.21 1.38
12 9.89 -20.30
13 15.11 47.76
14 8.51 -28.35
15 16.19 49.10
16 10.15 -10.16
17 9.36 -20.13
18 12.73 55.85
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Table 7. Factors affecting the friction coefficient

Q1= FEo & 2z 719§

k3 ] 2 ()
A 1264 1223 - 041 331
B 1214 1330 1186 144 1149
C 1256 1171 1304 134 1071
D 1216 1217 1298 08 655
E 1152 1260 1318 166 1330
F 1249 1211 1271 060 481
G 1076 1290 1365 289 23.14
H 1411 1241 1078 333 2667

12.49 100

o
2

Table 8. Factors affecting the wear coefficient

1A} FE # ez 19E
% 1 2 3 T2 (9
A 1040 1386 - 346 264
B 1250 1758 632 1126 858
C 1943  -1.53 1850 2096 1597
D 1152 1648 840 808  6.16
E 1372 452 1815 13.63 1038
F 1385 1211 1044 342 260
G 156 1480 2004 1848  14.08
H 3928 977 -1265 5193 3958
& A 13120 100
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(a) For disk roughness
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(b) For disk hardness
Fig. 3. Variation of SN ratio from friction coefficient.
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Sliding direction

(b) Rough surface(Ra 552 gm) for experiment No.9 (Al)
Fig. 4. Wear track of disk.
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Fig. 5. Variation of SN ratio for disk roughness from
wear coefficient.

H&ze] Az 7PF Ag AlolAT R, 3ol 508
umEA Arlgoz A3l Elﬁ el A S
7P 2 200 gfe) AFzAT) Fig 694 HE
ukel Zro] A¥ No. 89 79, e £l npgo]| A
Al Bk A% scratchE o) FEHUL o] A

F 2o vlEAAL 00174 mn’, PFEASE 1597
x1070]c}h. Z2{Y4 No. 169 A$E tjAz Azrle
FEL=E B9 whdo] 493 IHFHYLS Fig.70]

Joumal of the KSTLE

Eol ‘ OI% * ZJCH‘%

:

Sliding direction

(b) Ball
Fig. 6. Wear track for experiment No.8.
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(a) Disk

——————-
Slidine direction

(b) Ball
Fig. 7. Wear track for experiment No. 16.
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