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Friction and Wear Characteristics of Magneto-rheological Fluid
Depend on Surface Coated by DLC and PTFE
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Abstract — A magnetorheological (MR) fluid is a smart material whose rheological behavior can be controlled
by varying the parameters of the applied magnetic field. Because the damping force and shear force of an MR
fluid can be controlled using a magnetic field, it is widely employed in many industrial applications, such as in
vehicle vibration control, powertrains, high-precision grinding processes, valves, and seals. However, the char-
acteristics of friction caused by iron particles inside the MR fluid need to be understood and improved so that
it can be used in practical applications. Surface process technologies such as polytetrafluoroethylene (PTFE)
coatings and diamond-like carbon (DLC) coatings are widely used to improve the surface friction properties. This
study examines the friction characteristics of an MR fluid with different surface process technologies such as
PTFE coatings and DLC coatings, by using a reciprocating friction tester. The coefficients of friction are in the
following descending order: MR fluid without any coating, MR fluid with a DLC coating, and MR fluid with
a PTFE coating. Scanning electron microscopy is used to observe the worn surfaces before and after the exper-
iment. In addition, energy dispersive X-ray spectroscopy is used to analyze the chemical composition of the worn
surface. Through a comparison of the results, the friction characteristics of the MR fluid based on the different
coating technologies are analyzed.

Keywords — MR fluid(A}7]-3-5-3]), friction characteristics(FF2-5-4), surface coating(( %), DLC, PTFE,
magnetic field(2}717)

Nomenclature .M B
we: Kinetic friction coefficient (PFEARF) 2171434 (Magnetorheological fluidsye 717141
F : Friction force (N) @}&3) AL AT F e Aol oJ] AoklA &
P : Applied load(N) #1-83}%) B3l e AWE ARl A |FHfAlE A sl
H 2| A2 (hysteresis)E 2+ e IEAE A YA

(magnetic particles)?} B] £2-& fAIZ A3 F20|
T b2 ; ; _ H
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Pin specimen

MR Fluid

Load cell
Disc specimen

Fig. 1. Schematic diagram of the reciprocating friction
wear tester (R&B 108-RF).

Coating surface
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Fig. 2. Specimen dimensions of pin and plate.
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Table 1. Properties of MRF-132DG

%% - ol

3 - ofas - H5H

Table 3. Conditions for the reciprocating test (surface)

Property Values

Appearance Dark Gray Liquid

Viscosity at 40°C (Pa-s) 0.0920 + 0.015

Operating temperature (°C) -40 ~ +150
Phase change time (ms) 1~2
Density (g/cm’) 2.98~3.18
Particle size () 1 ~4

Table 2. Property of DLC and PTFE

Property Values
DLC PTFE
Density (g/cm’) 1.8~3.6 2.1~2.3
Hardness (Kgf/mm®) 2,000~8,000 18
Refraction rate 1.8~2.6 1.35
Operating temperature (°C) <800 <260
Melting points (°C) 3,000 327

Ao A, ANt 5 5 71AIReRIA 7P Ao
2 AMHA Y= EFvE EE(AL6061)°I T L]
T F=(AL6061)e] HEld HEE 410 N/mm’o|H
g, 8340 3 7 Axe] Zwelt). 7% &
Fo|ES] 7] 42 Zo](50 mm)xHB](20 mm)xE
©](10 mm), AL Z7] F2HL Zo](20 mm)xAF(10
mm)E AZFeit}, 2ol AlH A FAE 24
7} 10 umol™ Al ARIS Fig, 29} 7t} Bl A
2o]= DLCS PTFE EHIAHLS 71422 S-8Fof
ol FHeF oz 83l Uty DLC(a-C:H, PVD)
o} PTFE ZH¥2 EAX= Table 29} 7] Jehiw
Ag2wet S 2 ot

ol 54o= sl AIFHERAL] niE Bl thet

Bg guel 3R AHUIAE FASA. 712
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Variable Values
Type of MR fluid 132DG
Magnetic fields (mT) 5
Oscillation frequency (Hz) 1.0
Cycles 1,800
Normal load (N) 5
Stroke (mm) 10
Coating type (plate) None/DLC/PTFE
Coating type (pin) None
Operating temperature (°C) 25
LEE ANEE 25°C FA8IM BB ARGt E
WY FRol WE AIRERAS TS
umsly] 98] EHe] SPsA ke ATuE 4
713 Edle]
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Fig. 3. Friction coefficient change with respect to cycle
under various coating conditions.
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Fig. 4. SEM micrographs of the plate surface before and
after the test: (a) original surface with DLC coating; (b)
worn surface with DLC coating; (c) original surface with
PTFE coating; (d) worn surface with PTFE coating.
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Fig. 5. Surface roughness of the plate under DLC and
PTFE coatings before and after test.
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Fig. 6. EDS spectra of the plate surface with DLC
coating: (a) before the test (b) after the test.
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coating: (a) before the test (b) after the test.
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Table 4. Chemical composition of the plate surface with DLC and PTFE coatings before and after the experiments
Chemical Composition (Wt%)
Sample Status
C o Al Fe Ti F Other
Original 94.18 1.20 0.88 - - - 3.74
DLC
Worn 47.40 224 34.20 5.97 0.14 - 10.05
Original 25.19 4.73 0.59 - 0.27 57.17 12.05
PITE worn 38.30 12.70 2.73 7.87 291 18.51 16.98
o= A¥ Tl =8 AEHe &Fvw AEe] Al 2 A ZE2ATA AdE ot
Hol miERE ) LFulE TF (Al6061)AHAA ZH 7401(2010 -0025763). HE3F 2 A= AFTIAER
A9 Al S T At =2H7] giielth 23 $7IeATAIE(ATC) A «l AH1A] 2H(10048876)
B2 Fig. 6014 A3 Foll DLCEE Aglsks Al mleidzdely 8l Rgil7|ex1gAEe] ICT &5
¥Ho] CaE ARl Fe, Al 927 F5l6H & AFUHIHA LG € Oﬂ%L =2 FYEAEUTP-
S, Fig 704 A% ol PTFE % Aziske  2015-HS601-15-1003).
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