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Fig. 1. (color online) (a) Sample diagram of the
magnetic/PMMA double membrane; (b) optical pho-
tograph of the magnetic/PMMA double membrane
based on glass; (c) the model of plate-plate motion

under external magnetic field.
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Fig. 2. (color online) Test results of Vickers hardness

of the sample surface.
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Fig. 3. (color online) The pareto diagram of magnetic dipole in magnetic film: (a) Without magnetic field;

(b) with magnetic field which is horizontal; (c¢) with magnetic field which is horizontal first and then to be

vertical.
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COF between with and without magnetic field.
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Fig. 5. (color online) (a) Diagram of attraction be-
tween two magnetic films; (b) the value of exert posi-
tive force to separate one magnetic film from the other

as a speed of 1 mm/s.
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Fig. 6. (color online) Reciprocating sliding motion of magnetic/PMMA double membrane with different

normal force or different values of external magnetic field: (a) Nominal coverage COF; (b) the increment of

nominal COF between with and without magnetic field; (c) nominal COF varies with the change of normal

load; (d) nominal COF varies with the change of magnetic field.
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Fig. 7. (color online) COF varies with the change of
(a) normal force or (b) magnetic field when the films

are lubricated by silicon oil.

AR R T RE S IARE — JE I SRR 45 R,
(EFRAT 0 S B B R it o 3 D PR R 5 T
Wysm BETCR:, T AR R I T 10 5 R U A2 P A M
F3y o RE M KT M K. SRR 4 2R SR Tl g 1k )
A8 /INTE A BT, 7 I N )RR R Y L LA
P el R WERB IR IR 5| 7, BRI BT A T 4 7
FUAF 248 R0 B Al PR 3R R I S T JEE A AR,
AT SR PRI A A B 2 1) SRR Al Bh P

Whm Ve R B BE AL B 32 B SR AL RS L BE
SRR A AL A IS SIS, YRR

018103-5


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

Y18 Z R  Acta Phys. Sin.

Vol. 65, No. 1 (2016) 018103

Td3g vl DLE kS Ak, 1A TAE 2Bt PMMA 3 2
B7 (L REYER REEAL, BT DU AG BE BN I AN e AR 4
Mo B AR R G B, =K BB N TE
Wi W S E T, BRE T BE JE SR AR AE M Rl ik 3R
I, 20 R BB, B S R A4S J W A5
PRI PR T R Sl T T A B S, 3 1R
BAE L, BH Lk T 550k T 1 B e o, AT D %
HWVIHIER, JRgzm /BRI ). AN 9w
JEE /PMMA XU 5 5 78 B 0 72 v i )25 9 %
BRI B, KA RERENE, B IHASCF
TS A 38 S [ A v e FRAE F S A

WA TEY, 4@ RHE BER B i F ) 3
2 TH BY 2R 11 IV 2 MORAT N W T LR W
J1~ AL F) R R R & A g3 2
RAE—EMZA. BEFEM, SN A AT Lok
SRV L 0 BE R 2 VR RE, X IR YR RN B G A4
BB R A i 081 Muju 28 19200 U 45 53734 1 4
Ja& PR g BRTT BeTT BE R, AR R ) A
IVEARTE b B, A RS R RN R ) ) AR
A4 AT S A A ek RE G 0 T TR T TR AR AR S, MOREEE
AT 28 52 F v 0 T AR A AL, A A ) B B
PE3E . Mansori 25 21,22 % Zaidi A1 Senouci 2% ££
ARGV R 5 B BB SR R BN, BEE
Tl 37 o FEE ) X T, B 407 B R 3G 0, Rk 1A R AR 3R
[HHERR, S B RME PR3 0, 25 50 2R B0V U % 1)
TR i, T [58]9S S A A Vi Y ) B0V
TR/ BE A . AT A3 1 & B 1
JEE /PMMA X2 2 N Ry B, i 28 M 3 n i fr
P TR 8 o SR AR A — i, A R T AR T i
A RCR, Tt B VR v, BRI A v B g 2D, 2R
] fA 1 1 F R B, DABCT R R4 T SR TG
PR/ PMMA XU 8 25 1 42 fid T PR 408 Al 0L 465 46 £
Wk R B A AT) 5 S AH B S 56 ik — AR T, 1
VI JE RE A F5 T — P k.

4 %  #

S S R AN B PMMA /RGP 502 i 2
AT . TEEBEWT, KWL, A
[ 44 H 1) JBE 45 2% B0 b K B/ K Yk v PMIMA / Co,
PMMA /CoFe, PMMA /NiFe, PMMA /Fe, 5 ¥ i
1) 2 THI A P AR b e A — 3G (HREIEA T, A
MR B HE R A T8 RO AR T A8 4k, HRF /N

# % N PMMA /Fe, PMMA /NiFe, PMMA /CoFe,
PMMA /Co, 5 BE ¥R [8] i) 22 B 77 /NG 2
— 3, UL R R B R e T R SR
Ak, AHHE ELREW 75 B it 0 B e AH 22 3 AN E
G, MR 7 0F S bR #0047 1) ELRE DTRRAR /. DI,
EF 5 PMMA /Fe, 3@ ik o028 it in 25 4 R0 1 3% 58 %
i — 20 i Fe b3 0 BEBRAT RS2 R, A Intg 3%
I, R P 22 50 I 28k At 38 0 T 184, AR I — b 0
WJa, PEYE R SN N R A — 5
I, fE— N, B rmnid s 7B R4, A
b6 W7 s FE i — P R, BEVE R BT IE R
A, 5 EEEEANIR], BRI N B R
B BN R B, B e AT R, R R A R
019 0 B R B . PMIMA /B 1 s U2 i ik 2R A
AMINHESS T I BEEEAT R IR A, 2 G 51,
{H 5 BE 458 R H AN R H5 1 TR) RO e g, i
] B A2 B P T P %) T A 4 2R |h R g 5
(IR R AR AR A B A AN . LR A Ryt
— B

SE

[1] El Mansori M, Paulmier D, Ginsztler J, Horvath M 1999
Wear 225—-229 1011

[2] Wang L J, Guo C W, Ryuichiro Y, Yue W 2009 Tribol.
Int. 42 792

[3] Muju M K, Ghosh A 1980 Wear 58 137

[4] Yetim A F, Kovact H, Aslan M, Celick A 2013 Wear 301

636

[5] Han H, Gao Y, Zhang Y, Du S M, Liu H 2015 Wear
328-329 422

[6] Zaidi H, Pan L, Paulimier D, Robert F 1995 Wear
181-183 799

[7] Bhushan B, Ge S 2003 Materialwissenschaft und Werk-
stofftechnik 34 938
[8] Zaidi H, Amirat M, Fréne J, Mathia T, Paulmier D 2007
Wear 263 1518
[9] Jiang J, Tian Y, Meng Y 2011 Wear 271 2991
[10] Wei Y, Zhang Y, Chen Y, Du S M 2013 Tribol. Int. 57
162
[11] Lee S W, Lee J W, Jeong S H, Park I W, Kim Y M, Jin
J 12004 Synthetic Metals 142 243
[12] Li H Q, Yu J S, Huang W, Shi W, Huang J 2014 Chin.
Phys. B 23 038505
[13] Geringer J, Atmani F, Forest B 2009 Wear 267 763
[14] Junior W S, Emmler T, Abetz C, Handge U A, dos San-
tos J F, Amancio-Filho S T, Abetz V 2014 Polymer 55
5146
(15] Nuiio N, Groppetti R, Senin N 2006 Clin. Biomech. 21
956

018103-6


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.1016/j.triboint.2008.10.009
http://dx.doi.org/10.1016/j.triboint.2008.10.009
http://dx.doi.org/10.1016/0043-1648(80)90218-5
http://dx.doi.org/10.1016/j.wear.2012.11.077
http://dx.doi.org/10.1016/j.wear.2012.11.077
http://dx.doi.org/10.1002/(ISSN)1521-4052
http://dx.doi.org/10.1002/(ISSN)1521-4052
http://dx.doi.org/10.1016/j.wear.2007.01.081
http://dx.doi.org/10.1016/j.wear.2007.01.081
http://dx.doi.org/10.1016/j.wear.2011.07.003
http://dx.doi.org/10.1016/j.triboint.2012.07.019
http://dx.doi.org/10.1016/j.triboint.2012.07.019
http://dx.doi.org/10.1016/j.synthmet.2003.09.011
http://dx.doi.org/10.1088/1674-1056/23/3/038505
http://dx.doi.org/10.1088/1674-1056/23/3/038505
http://dx.doi.org/10.1016/j.wear.2008.12.087
http://dx.doi.org/10.1016/j.polymer.2014.08.022
http://dx.doi.org/10.1016/j.polymer.2014.08.022
http://dx.doi.org/10.1016/j.clinbiomech.2006.05.008
http://dx.doi.org/10.1016/j.clinbiomech.2006.05.008

32 % R  Acta Phys. Sin. Vol. 65, No. 1 (2016) 018103

[16] Himel C, Arigit S, Nillohit M, Dipa R, Partha P C 2013 [21] Mansori M E, Schmitt M, Paulmier D 1998 Surf. Coat.
Mater. Lett. 93 137 Technol. 108—109 479

[17] King G W, van Vleck J H 1939 Phys. Rev. 55 1165 [22] Mansori M E, Paulmier D 1999 Appl. Surf. Sci. 144-145

(18] Paulmier D, Mansori M E 1997 Wear 203—204 148 233

[19] Muju M K, Radhakrishna A 1980 Wear 58 49 (23] Zaidi H, Senouci A 1999 Surf. Coat. Technol. 120-121

[20] Muju M K, Ghosh A 1977 Wear 41 103 653

Tribological behavior of reciprocating motion between
ferromagnetic films coated with polymethylmethacrylate
films under magnetic field”

Li Li-ZhouV?  Jiang Ji-LeY®  Wei Rong-Han? Li Jun-Peng?
Tian Yu"" Ding Jian-Ning??

1) (State Key Laboratory of Tribology, Tsinghua University, Beijing 100084, China)
2) (Micro/Nano Science and Technology Center, Jiangsu University, Zhenjiang 212013, China)
3) (Division of Mechanics and Acoustics, National Institute of Metrology, China, Beijing 100029, China)

4) (NanoEngineering and BioMedical Systems Lab, “National” Tsinghua University, Taiwan, China)

( Received 24 May 2015; revised manuscript received 22 September 2015 )

Abstract

Magnetic thin films are widely used in magnetic recording and magnetorheology, and also in magnetic lubrication
such as ferromagnetic fluids. Polymethylmethacrylate (PMMA) is used as a coating material on the surface of the
magnetic material in an electromagnetic system because of its good dielectric properties. In this study, the tribological
behavior of reciprocating motion between ferromagnetic films coated with PMMA films under a magnetic field is evalu-
ated. The system of ferromagnetic films coated with PMMA films based on glass is called ferromagnetic/PMMA double
membrane in this paper. Two pieces of membranes in each tribological experiment are absolutely the same. Two kinds
of experimental conditions, that is, under dry friction and silicone oil lubrication, are used to investigate the influences of
load and magnetic field strength on the friction performance of ferromagnetic/PMMA double membranes. Experimental
results show that the magnetic field directly affects the friction performance of a ferromagnetic /PMMA double-film
system, and the performance changes with the normal load and intensity of the magnetic field. However, the influence
of magnetic field on the tribological property in the dry friction mode is different from that in the silicone oil lubrication
mode. The influences of magnetic force and the changes of the physical properties of the friction pair on friction and
friction coefficient, which are both induced by the magnetic field, are analyzed. The theoretical analysis results are in
good agreement with the experimental date. This work provides a basis for designing and controlling magnetic film

interface media.

Keywords: ferromagnetic/polymethylmethacrylate double membrane, magnetic field, dry friction,

silicone oil lubrication
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