H39% 2 JE B R Vol39 No2
2019 #£3 H Tribology Mar, 2019

DOI: 10.16078/j.tribology.2018149

Pl N/ AN 55 N RG A R R R B RV T A A EH

BT, MAKIR T, I AL RE K, B =8
(A B R e AR BRI A BoR 5 v ) B SR 5 S TR S0 ==, T B9 18 BH 471023)

T DIASINEH/B02 BN FE RN UM R, SR A BB SRR E BRI, BT T BRI EH TS
TE BE R R P AT D B FLoxod B i s 403 M R A VE . S oA 776 S JoHE3% 6 FR R B8 JE 7R BE BT b (¥ 23 A s o,
FR RS T B G e 4SHE BE T MRS, R Al =4 SUARAE T BT AL X 4k iR AR 0] 1 2. 5 e R B 11
PEEEAIE BUAR LE, WA 1 TR 4SER A IV R B A BT K, T R R BORH A /). R R R I T 302 8B A ik 1)
ASENEE IR RHE RS HE L R T AN IE LIRS 2, %5688 Z AR S BEOR, ARIE T B BE SR B b T 108 Wi 1k
FA T ASARAR 5 153 TR VIR P /> 2t 8 I8 A0 2 A R A4, T2 B 8 T 7 — B R s/ 17 R I 11 R i R, FRBEAS
FEZ R RLEE RS, I8N T 4S8R 85 IH B B

KHBEIR): Wi, AR, IR, TR, BB TS MR R

FE 53 2S: THI1S XEAFRRSRD: A XEHRE: 1004-0595(2019)02-0188-09

Behaviors and Effect of the Wear Debris during Friction
between Medium-Carbon Steel and Stainless
Steel with the Magnetic Field
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(National United Engineering Laboratory for Advanced Bearing Tribology, Henan University of Science and
Technology, Henan Luoyang 471023, China)
Abstract: The behavior of wear debris and its effect on the tribological properties of 45 steel pin against 302 stainless
steel disk under the magnetic field were investigated using the self-developed pin-disk tribometer. For this reason, the
distribution characteristics of wear debris on the worn surface of specimen were analyzed with and without the magnetic
field. The morphologies of the wear debris and worn surface of 45 steel pin were characterized by means of scanning
electron microscopy. The relative height of various areas on the worn surface was characterized by using 3-D surface
profiler. Compared with the case without the magnetic field, the wear of 45 steel pin specimen increased, whereas the
friction coefficient of the couple was reduced with the magnetic field. In the process of friction, the material of 302
stainless steel disk was transferred onto the worn surface of 45 steel pin and the discontinuous transfer layer was
observed. The transfer layer on the worn surface bore the vast majority of friction and wear and tended to be smooth. A
small amount of wear debris was adsorbed on the worn surface of 45 steel pin and became fine and oxidized with the
magnetic field. To a certain extent the wear debris adsorbed on the worn surface reduced the friction coefficient and

hindered the material transfer between the tribo-couple and then increased the wear of 45 steel pin.
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Fig. 1 Main parts of the friction test equipment
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Table 1 Chemical composition of 302 stainless steel and 45 steel

. Weight fraction/%
Material
C Cr Ni Mn Si P S Fe
302 stainless steel 0.11 17.15 8.19 1.18 0.45 0.035 0.016 Balance
45 steel 0.44 0.60 0.25 0.04 0.04 Balance
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Fig.2 Stage wear of 45 steel pin
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Fig. 3 Pin displacement with and without magnetic field
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Fig. 4 Dynamic friction coefficient with and without
magnetic field

B4 A, TCusafE R R RS e 25

F R BE T8 R B AT 3R T . TRV R By kB 5 i
A W B Y B T, L R R T A B A R
F L, Q15 (a~b) TR %56 R 72 BRI R i B 3
(5 8 5 K 1, X T A R e R R | A B A 1 AN
PR A I B T A R AE W B AL TR 1 AT 4540
BYEE BRI W SR B B T D, LB TR A 2 X
Sl W B 22 R BB T R A A T R T ) (R ) [X
5, HES g 2, BRI 2 E)E A, WES5(c)

_ Friction direction

(c) Pin with magnetic field

T 7 s 302455 4N 4 15 453 1 3 A 00 ¢ 380 W B 5 S,
EIS(d) TR, 3X 25 BRI 3024 45 4 1) WA 1 0. 14N
TERE P A AR BEAR TS, M xT LR T B Je 1 5|
JIELES, AN & DA B g W B E LR . 5341, 3024845
A ) B T A 5 I 4 R e R, X A A A B A
TE A TR KR B R A T BRI AR R
P AL R B S SRR, UL SR IR S T A PR R I
R R A T —E R AL,

TE R JCASHRA /454N 450 Rl A 5 458 S (RO B v
TEASHA A B 0% TRV 2% 3 K 0 1) B T A B, L B 4%
T} S PSR R LT BRI, SR FOAR L, R
F S % THL 114 5 i 73 A R E R TIE A7 7R 3 I 2 I AN [,
XN AR Wy 2T B IX el o0 A AN [ 3 1, L
4531 W R 3L

Kl6(a) W TC i3 1E T B T8 TE S SEME J, iR
BIp eI DR e B S 2 2 R, P RS R L
KL A (d1), BRIz Ab, B G A 2D B oK 2
/)N B TS (1d2). XF 843 B 8 HEATEDS 40 M A I B TS
F AR T 9 HUN5.39%, BE B R E S 2R
EK. 33X 10 B B % B S 4% TR 119 46 Jes 7 PB4 i 2 v T B

(d) Disk with magnetic field

Fig. 5 Worn surface and the distribution of wear debris with and without magnetic field

K5 A otz AR ulie B B i A L g o0 A



192 BE B4

(a) Without magnetic field
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Fig. 6 SEM micrographs of wear debris
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Table 2 Composition of pin worn surface

Atomic fraction/%

Area

(0} Cr Ni Fe
M 8.18 9.56 3.48 78.77
N 6.36 1.59 0.68 91.37
P 6.28 5.12 1.71 86.89
Q 13.59 2.12 1.89 82.4
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B9 ASHNEY BRI T = 4E S 50 A 52 BR (H=17.4 kA/m)

T 7345 % 3L AS A A 338 BE A THI B, K 93 Wk ) 4R A B
53 THT P9 = 2 B e X 2 A8 [ g N B 2 X8 (1) /<
I L BRRE 27 L DRI, 2% B 2 ) S U B 4 v o [X 35
(IR 7 580 FE B N3 5. R 22 o, G > B ARG T 2k
O T 4 S T B 0 T Ao A P B ST A7 B e /T
A TRAETF EL AR N2 AL A, % R X I
(7 50 A BT R, T R v i ) e e L 2%
PRI 70 2 T8 e v, T 4 38 S B A DX 3 3 i 3 IX
S5 L B 10(a) IR A BRI R 37 8 55 KT S 30T R 5 v
DX 35k 1 37 588 P b 2% A T OB 0 4 4 A 1 10(a)
FioR.

K 10(b) Mtk 3 A Bl JBE 5% ) 7E B i 72 rh 454N
BYURE R BRI b B 8 43 A s = L AR B 0(a) i 7
LRy AT R, JBE i 1X 3 ) 300 B O X3 AL BT 10(a) H 1)
A BIFIRESS 38 KT 5 00 BE i vh o0 X I ) 3% 5
X IE BT NASERRY Hh O DX ek 31 L A 1 2 X 3 K
(10T 37 500 o PEE /L. 2% R 3 e P o et JBE 8 ot 7 o
PR TR B TS 52 0 i v A R P R 7 AR
FAF, FEAZHER 7 IAE T B T 4 9 5 5 9 457 T 1) 4

Magnetic field lines

Pin of 45 steel

=

;L-ivsf
vrovY vy

(a) Distribution of magnetic line

Disk of 302

PR L I 32 3l (5 T 2R 7 AN AT T A4
{1 B 15 12 Bl I 2 52 3 A V) 1 0 463 Je (R 2 P s ) 1) BEL A
M ik, G B sZ /G 377 ) ~FAT T B 1 22 VA 1) B
J& 74 AT e ALV A AR A & X S8 2 8. I B
J8 =F AR T A A U B A0 T 300 5 s R 5 T e ) 7 A
X35, il 10(b)H fd6. thab, G b 1 ) 46 1 H %
ok B i ) B Ak ) 0™ Ve I AE L A B B R, B IX
Sl A D B i 52 B ) 0 e P RGP 0 T B
W B AR 7 AL, 45 SRAE B 4 B > s H R A
KA AHIEEE, W 10(b)H 1dS. (EFE R
PEARI0 45 A R 2 5, BEHR R Z (0] (1) 85 )5 1)
WS B 454N 4 BE 4T b, anEIS(d)RIe) iR, IX EE 2
HH T 25 B 37 J5 454N 48 1) 8 e KT 302 5 B 4t
(T4 P S B0 AR L ACTT 5, JEREA R T 4. Ak
P2 18] BLAR A7 TE BE RN 5 A2 T R3S, ARG AF G
B, B A RGN AL DAV B S 8, DR ok, R
I AR 7 AR I B i A ) A T B B A RIS B
P B P2 DX Al 5 7 17 2 P B P XA AN PR S S, 4
Kl5(a~b) 7.

(b) Distribution of the wear debris on the worn surface

Fig. 10 Distribution of the magnetic field lines and the wear debris

K10 B2k KB B o Ari s i



% 2 3]

AVLLAE, 5 FPRAR AN AN R JEE R T (AT 9 AR 195

JRE 5% b 5 e 7T L R A% I 90 B ARSI B f
Ak B AT T BB AR A A i P2 L 2 B L L
T, EBETE O R R R A 2% 1 588 BE A U N A
LB R (¥ 17105 S BRI (R, 0 v JBE H5E R (1 7 Ao
BUREARE B RE B2 G iy, P45 AT REAE ™ B R R AR o Ok
Az JE B A AL B AL T v B POIR AN A A5 EE B A R
B, ZWRAZH TP AEA L JolinE T 4580 4
PR A% THT b R 08 DX 33 R £ DX 330 A DU L 302 4N 75 4 ik 7>
CrAINITE 2 1 3 2R .

JEE-AD TGl A v 8 I S RO A B2 T AR FE Thomison-
Freundlish /7 #2547 152
20M
rRTp
s CORIM AR T I S5 R 5 IR B2 5 Ci(o0) J HE A A
FHVE BRI L s o S0 A B SR T B 5 o BT AR
(-1 251242 s Ty BE B TR B2 5 p ol V8 DR HA) 5 2
MO J T 1 J5 7B RO L

H T BE 4 I R v R BB 4 T K 52 K- AR
30 e 45 BB 453 T A ™ A 1 SR T R o ™, ELCIE T 19
HICARBUBOR, DR A5 415 B 0 T ™ AR P I CIT R Y
EEA TR XS B R R R
A 7GR Cr, FeMIC(CH A T45MBAE), X =Fmx
A AE2E B Cr-Fe-C R IR, 1% FR AL W) i 45 458 41
PR THD b P e % J2 (IR €0 DX 380 PR T B R A4 S AN B A AT
BT, 3 A 2 AR e B 2 (R € DX 3 Bl AR H K
Iy PERR B LR T AR5 P18 1) 3 2 SR A

Wi Ve IR, T2 B I 42 v JBE 4 B 2 W) R B
TN BE S JF HAA B B N EE R DX S B
77 16) [ AHARE A 118 3, b B8 B 8 A AT Re e B
R Z IR R AR, B TS HVRBhiE B T Wi Ve TR #-F
Y e R BOM L T ol /8 R 1P 2 BE R R 0
JITU /N RN, JEE B ) 2 T A7 A 1) B i AR A JEE 452 [X 35
IFa) 5 J 12032 2y 1) B 1S AE — e FE T B RE KR B A Ak B
N T EATERRRE AR IR, AT g51E 1 B R Z A
BHEH B . B S XA b B A i T Wi E R T
A A B B T b Cri 8/ T eI 1 F T 4 e
BEHRIE B Crig . Criy 8K, 45NN B I 4 1% =
2B K Cr-Fe-C R BR AL W B 1A i b, 43 e 7
J2 (RTINS PSP B AR, X PT e W VR B R 4l RE B 40
KT TCHESAE S S 1R B 40 i 1 32 R A

Wi AE TR 4SEREH/ASEN AL BE R BE SR 9T o« AE
JEE5 ] 2 1R o A R /0 ) B i, L I PR 48 e (1) £
S A AR ASE A 5 403 T B T 1l — 2 A R S, T

C; = Ci(o0)exp(

)

JBE 5 o AR B R B B HE N OB i P2 7E A
WEFTHI4S T /3024475 AN 4 BE 5 B8 45 ik B o, R4 B
T 50 W i R ) A B S L R
B, I ELAH BE A I 00 28 B A R A S 3 S TR I 45
ARV B R B R AL, AT AT DA s BER
Ao R T KRR S e VB ) i A T R R A I (]
1A PR A T B AL K 78 00 2 AF s PR S R ARG R
RS ERURE B

3 45ip

a. A5 % 0% T (A A R e R v IR B /D
(1 % 15 » T MR PR 302 AN 400 288 8% 43 T AT TE %)
PR I PR B S

b. 5 ICHL I B DLAR B, W1 R 454N/
302 AN A A B 4 ) 1)1 25 BE 5 RO TR I
JEE I AS AN 1) B 5 B A TR T,

c. FESEERE A, 45N 1) i T VA T AL =
MR AE T 302 AN AN AL 1] 45BN A A REEE 78 I % 1 1 T
PEVER = S R,

d. 37 5 B 55 ) )W B A /0 i Ak 2 R
ACRAR L, %08 73 B o6 AE — 5 FE L _E I 28 R4 ) i
45N P 3 T B A J2 o Coot 3R 8 s> AT g5 4k 1
FERB IR (TR A

e. PR BT RE o OR B I S A0 PR 38 I A T L
S 2 [ 51 RS B B B T SR 1 7R 25 A RIS
SOV A ASH JBE 45 % 0 e P ) B A
& Z Xk

[1] K Kumagai, K Suzuki, O Kamiya. Study on reduction in wear due to
magnetization[J]. Wear, 1993, 162-164: 196-201. doi: 10.1016/
0043-1648(93)90501-C.

[2] HHan, SDu,Y Zhang, et al. Effect of DC magnetic field in friction
and wear properties of 45 steel at different velocities[J]. Tribology
Letters, 2016, 64: 38. doi: 10.1007/s11249-016-0754-z.

[3] K Hiratsuka, T Sasada, S Norose. The magnetic effect on the wear
of metals[J]. Wear, 1986, 110: 251-261. doi: 10.1016/0043-
1648(86)90102-X.

[4] Y Wei, Y Zhang, Y Chen, et al. Impact of material permeability on
friction and wear properties under the interference of DC steady
magnetic field[J]. Tribology International, 2013, 57: 162—169. doi:
10.1016/j.triboint.2012.07.019.

[5] H Zaidi, L Pan, D Paulmier, et al. Influence of a magnetic field on
the wear and friction behaviour of a nickel/XC 48 steel couple[J].
Wear, 1998, 181-183: 799-804.

[6] HY Bi, ZJ Wang. Wear of medium carbon steel in the presence of
Nd-Fe-B permanent magnetic field[J]. Materials Letters, 2003, 57:


http://dx.doi.org/10.1016/0043-1648(93)90501-C
http://dx.doi.org/10.1016/0043-1648(93)90501-C
http://dx.doi.org/10.1007/s11249-016-0754-z
http://dx.doi.org/10.1016/0043-1648(86)90102-X
http://dx.doi.org/10.1016/0043-1648(86)90102-X
http://dx.doi.org/10.1016/j.triboint.2012.07.019
http://dx.doi.org/10.1016/0043-1648(93)90501-C
http://dx.doi.org/10.1016/0043-1648(93)90501-C
http://dx.doi.org/10.1007/s11249-016-0754-z
http://dx.doi.org/10.1016/0043-1648(86)90102-X
http://dx.doi.org/10.1016/0043-1648(86)90102-X
http://dx.doi.org/10.1016/j.triboint.2012.07.019

196 BE ¥ OE R %539 %
1752-1755. doi: 10.1016/S0167-577X(02)01063-7. [21] M Varenberg, G Halperin, I Etsion. Different aspects of the role of
[7] AF Yetim, H Kovaci, M Aslan, et al. The effect of magnetic field wear debris in fretting wear[J]. Wear, 2002, 252: 902-910. doi:

[9]

[10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

on the wear properties of a ferromagnetic steel[J]. Wear, 2013, 301:
636-640. doi: 10.1016/j.wear.2012.11.077.

Dong Xianglin, Jian Xiaogang, Bi Hongyun, et al. Effect of a
magnetic field on sliding friction and wear of medium carbon
steel[J]. ACTA Metallurgica Sinica, 1999(6): 577-580 (in Chinese)
[FERERK, TRI/NRI, SEL00E, 45, B X rh BN o 2 B 458 B8 45 1) 5 1)
[7]. &JE5R, 1999(6): 577-580].

D Paulmier, H Zaidi, R Bediri, et al. Steel surface modifications in
magnetised contact[J]. Surface and Coatings Technology, 1995, 76-
77: 583-588. doi: 10.1016/0257-8972(95)02607-X.

H Zaidi, A Senouci. Influence of magnetic field on surface
modification and the friction behavior of sliding of sliding couple
aluminium/XC 48 steel[J]. Surface and Coatings Technology, 1995,
120-121: 653-658.

KJ Chin, H Zaidi, M T Nguyen, et al. Tribological behavior and
surface analysis magnetized sliding contact XC48 steel/ XC48
steel[J]. Wear, 2001, 250: 470-476. doi: 10.1016/S0043-
1648(01)00658-5.

H Zaidi, K J Chin, J Frene. Analysis of surface and subsurface of
sliding electrical contact steel/steel in magnetic field[J]. Surface and
Coating Technology, 2001, 148: 241-250. doi: 10.1016/S0257-
8972(01)01355-X.

T A. Stolarski, Y Maiida Influence of magnetic filed on wear in high
frequency reciprocating sliding contacts[J]. Tribology International,
2001, 44: 1004-1013.

TA Stolarski, Y Makida. Influence of permanent magnetic field on
wear performance of dry sliding contacts[J]. Wear, 2001, 271:
1109-1123.

J Jiang, Y Tian, Y Meng. Role of external magnetic filed during
friction of ferromagnetic materials[J]. Wear, 2011, 271: 2991-2997.
doi: 10.1016/j.wear.2011.07.003.

K Hiratsuka, T Sasada. Wear of metals in a magnetic field[J]. Wear,
1993, 160: 119-123. doi: 10.1016/0043-1648(93)90412-F.

M Amirat, H Zaidi, A Senouci. Nucleation and formation of oxide
film with the magnetic field on dry sliding contact of ferromagnetic
steel[J]. Lubrication Science, 2011, 23: 19-31. doi: 10.1002/1s.v23.1.
K J Chin, H Zaidi, T Mathia. Oxide film formation in magnetized
sliding steel/steel contact-analysis of the contact stress field and film
failure mode[J]. Wear, 2005, 259: 477-481. doi: 10.1016/j.wear.
2005.02.122.

H Zaidi, M Amirat, J Frene T Mathis, et al. Magnetotribology of
ferromagnetic/ ferromagnetic sliding couple[J]. Wear, 2007, 263:
1518-1526. doi: 10.1016/j.wear.2007.01.081.

H Han, Y Gao, Y Zhang, et al. Effect of magnetic field distribution
of friction surface on friction and wear properties of 45 steel in DC
magnetic field[J]. Wear, 2015, 328-329: 422-435. doi: 10.1016/
j.-wear.2015.02.062.

[22]

(23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

[32]

[33]

10.1016/S0043-1648(02)00044-3.

M Mosleh, B A Khemet. A surface texturing approach for cleaner
disc brakes[J]. Tribology Transactions, 2006, 49: 279-283. doi:
10.1080/05698190600639913.

J'Y Xu, J L Mo, B Huang, et al. Reducing friction-induced vibration
and noise by clearing wear debris from contact surface by blowing
air and adding magnetic field[J]. Wear, 2018, 408-409: 238-247.
doi: 10.1016/j.wear.2018.05.018.

J S Sheasby, ] H Vandergeest. Debris control in dry wear testing[J].
Wear, 1981, 73: 283-294. doi: 10.1016/0043-1648(81)90296-9.

Han Hongbiao. Study on coupling mechanism of dry friction in DC
magnetic field[D]. Northwestern Polytechnical University, 2015(in
Chinese) [FHZL1%. BB T B RREE (E RIHLHIT 72 (D). #5L
TolkK 2, 2015].

Dong Xiuwen, Li Yan, Chen Shulan, et al. Measurement of
permeability of weak magnetic austenitic stainless steel[J].
Inspection and Quarantine Science, 2004, 14(3): 51-53 (in Chinese)
[FEF5C, 2, WRl=2, &6 TR SRR AN B AN I S % i DU & ).
Krse ey B2, 2004, 14(3): 51-53]. doi: 10.3969/.issn.1674-
5354.2004.03.016.

K Zhao, J Fan, F Gao, e al. Research on trio-magnetization
phenomenon of ferromagnetic materials under dry reciprocating
sliding[J]. Tribology International, 2015(92): 146-153.

W D Marscher. A critical evaluation of the flash-temperature
concept[J]. ASLE Transactions, 1981, 25(2): 157-174.

Zhu Baoliang, Yang Zhaoxiong, Liu Jiajun. The measurement of
frictional temperature and its effect in sliding contact[J]. Solid
Lubrication, 1989, 9(1): 23-29 (in Chinese) [k 5 5%, #JKiE, XI5
R TE B R b BB R (R E R HL e (0], AR, 1989,
9(1): 23-29].

G Sutter, N Ranc. Flash temperature measurement during dry
friction process at high sliding speed[J]. Wear, 2010, 268:
1237-1242. doi: 10.1016/j.wear.2010.01.019.

Xu Zuyao. Thermodynamics of metallic materials[M]. Beijing:
Science Press, 1981: 242(in Chinese) [ tH 1. 4 )@ 44 Rl 2%
M]. Jbxt: BHE AL, 1981: 242].

Zhang Renjie, Zhu Baoliang, Liu Jiajun, et. al Mutual transfer of
materials for dry sliding of brass against stainless steel[J]. Solid
Lubrication, 1990, 10(3): 178—184 (in Chinese) [7k Aff, A5 5%, X1
KR, 5. HT0THH-0CT 1 8NiO A A 4K 50 JE 451 F T A4 R 1) AH L%
2 WFFL[). AR, 1990, 10(3): 178-184].

Wang Qingbao, Wang Zhihui, Li Shimin. Microstructures and
properties of Fe-Cr-C hardfacing alloys with high carbon content[J].
Transactions of the China Welding Institution, 2004, 25(6): 119-123
(in Chinese) [ £, £ &, 2B Fe-Cr-C AR Mk B HE 1 &
SHP R PERRI]. W, 2004, 25(6): 119-123]. doi:
10.3321/j.issn:0253-360X.2004.06.032.


http://dx.doi.org/10.1016/S0167-577X(02)01063-7
http://dx.doi.org/10.1016/j.wear.2012.11.077
http://dx.doi.org/10.1016/0257-8972(95)02607-X
http://dx.doi.org/10.1016/S0043-1648(01)00658-5
http://dx.doi.org/10.1016/S0043-1648(01)00658-5
http://dx.doi.org/10.1016/S0257-8972(01)01355-X
http://dx.doi.org/10.1016/S0257-8972(01)01355-X
http://dx.doi.org/10.1016/j.wear.2011.07.003
http://dx.doi.org/10.1016/0043-1648(93)90412-F
http://dx.doi.org/10.1002/ls.v23.1
http://dx.doi.org/10.1016/j.wear.2005.02.122
http://dx.doi.org/10.1016/j.wear.2005.02.122
http://dx.doi.org/10.1016/j.wear.2007.01.081
http://dx.doi.org/10.1016/j.wear.2015.02.062
http://dx.doi.org/10.1016/j.wear.2015.02.062
http://dx.doi.org/10.1016/S0043-1648(02)00044-3
http://dx.doi.org/10.1080/05698190600639913
http://dx.doi.org/10.1016/j.wear.2018.05.018
http://dx.doi.org/10.1016/0043-1648(81)90296-9
http://dx.doi.org/10.3969/j.issn.1674-5354.2004.03.016
http://dx.doi.org/10.3969/j.issn.1674-5354.2004.03.016
http://dx.doi.org/10.1016/j.wear.2010.01.019
http://dx.doi.org/10.3321/j.issn:0253-360X.2004.06.032
http://dx.doi.org/10.1016/S0167-577X(02)01063-7
http://dx.doi.org/10.1016/j.wear.2012.11.077
http://dx.doi.org/10.1016/0257-8972(95)02607-X
http://dx.doi.org/10.1016/S0043-1648(01)00658-5
http://dx.doi.org/10.1016/S0043-1648(01)00658-5
http://dx.doi.org/10.1016/S0257-8972(01)01355-X
http://dx.doi.org/10.1016/S0257-8972(01)01355-X
http://dx.doi.org/10.1016/j.wear.2011.07.003
http://dx.doi.org/10.1016/0043-1648(93)90412-F
http://dx.doi.org/10.1002/ls.v23.1
http://dx.doi.org/10.1016/j.wear.2005.02.122
http://dx.doi.org/10.1016/j.wear.2005.02.122
http://dx.doi.org/10.1016/j.wear.2007.01.081
http://dx.doi.org/10.1016/j.wear.2015.02.062
http://dx.doi.org/10.1016/j.wear.2015.02.062
http://dx.doi.org/10.1016/S0167-577X(02)01063-7
http://dx.doi.org/10.1016/j.wear.2012.11.077
http://dx.doi.org/10.1016/0257-8972(95)02607-X
http://dx.doi.org/10.1016/S0043-1648(01)00658-5
http://dx.doi.org/10.1016/S0043-1648(01)00658-5
http://dx.doi.org/10.1016/S0257-8972(01)01355-X
http://dx.doi.org/10.1016/S0257-8972(01)01355-X
http://dx.doi.org/10.1016/j.wear.2011.07.003
http://dx.doi.org/10.1016/0043-1648(93)90412-F
http://dx.doi.org/10.1002/ls.v23.1
http://dx.doi.org/10.1016/j.wear.2005.02.122
http://dx.doi.org/10.1016/j.wear.2005.02.122
http://dx.doi.org/10.1016/j.wear.2007.01.081
http://dx.doi.org/10.1016/j.wear.2015.02.062
http://dx.doi.org/10.1016/j.wear.2015.02.062
http://dx.doi.org/10.1016/S0043-1648(02)00044-3
http://dx.doi.org/10.1080/05698190600639913
http://dx.doi.org/10.1016/j.wear.2018.05.018
http://dx.doi.org/10.1016/0043-1648(81)90296-9
http://dx.doi.org/10.3969/j.issn.1674-5354.2004.03.016
http://dx.doi.org/10.3969/j.issn.1674-5354.2004.03.016
http://dx.doi.org/10.1016/j.wear.2010.01.019
http://dx.doi.org/10.3321/j.issn:0253-360X.2004.06.032
http://dx.doi.org/10.1016/S0043-1648(02)00044-3
http://dx.doi.org/10.1080/05698190600639913
http://dx.doi.org/10.1016/j.wear.2018.05.018
http://dx.doi.org/10.1016/0043-1648(81)90296-9
http://dx.doi.org/10.3969/j.issn.1674-5354.2004.03.016
http://dx.doi.org/10.3969/j.issn.1674-5354.2004.03.016
http://dx.doi.org/10.1016/j.wear.2010.01.019
http://dx.doi.org/10.3321/j.issn:0253-360X.2004.06.032

