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Effect of load and displacement amplitude on fretting

wear behavior of DLC film

JING Pengfei, YU Shurong, ZHANG Kefei, MA Banghao

(College of Petrochemical Engineering, Lanzhou University of Technology, Gansu Lanzhou 730050,

China)

Abstract: In order to improve the fretting wear resistance of TC4 titanium alloy, diamond-like
carbon (DLC) films were deposited on the surface of TC4 titanium alloy by unbalanced
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magnetron sputtering (UBMS) technique. The fretting friction and wear behaviors of DLC film
against GCr15 steel ball were studied using a ball-on-flat contact. Under different normal loads
and displacement amplitudes, the slip regime and wear mechanism of DLC film were studied with
the running condition fretting map(RCFM). The characterization and fretting friction and wear
performance of DLC films were carried out by means of atomic force microscopy,
nanoindentation, laser Raman spectroscopy, three-dimensional optical profilometer, laser confocal
microscope, field emission scanning electron microscope and SRV-V fretting friction and wear
tester. The damage mechanism was revealed through the analysis of fretting maps, dissipated
energy, the morphology and chemical composition of wear track. The results show that the
displacement amplitude and normal load had great effect on the fretting mode and damage
mechanism. The mixed slip regime (MSR) was dominant at the displacement amplitude of 25 pum.
On the other hand, the slip regime was gross slip regime (GSR) at the displacement amplitude of
100 um. The abrasive wear was the main damage mechanism of DLC film under small
displacement amplitude, whereas under larger displacement amplitude the wear mechanism of
DLC film was mainly adhesive wear. In short, the good fretting wear performance of DLC film in

dry friction lies in its excellent mechanical properties and self-lubricating properties
Key words: DLC; fretting wear; fretting map; slip regime; damage mechanism
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Fig.1 (a) The morphology of cross-section, (b) Load-displacement curves of

nanoindentation of DLC film
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Fig.2 Fretting loops(Ft-D-N) of DLC film at different load and displacement amplitude (a:
50 N/25 pym, b: 50 N/50 pm, c: 50 N/100 pym, d: 20 N/25 uym, e: 20 N/50 pym, f: 20 N/100
pm, g: 10 N/25 pym, h: 10 N/50 pm, i: 10 N/100 pm, j: 5 N/25 pm, k: 5 N/50 ym, I: 5 N/100

pm )

2 DLC ERAEARREH T R AL FBIEE KM T A Ft-D-N giZk(a: 50 N/25 um, b: 50 N/50 pm,
¢: 50 N/100 pum, d: 20 N/25 um, e: 20 N/50 pm, f: 20 N/100 pm, g: 10 N/25 pm, h: 10 N/50
pm, i: 10 N/100 pm, j: 5 N/25 pym, k: 5 N/50 pym, I: 5 N/100 um)
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Fig.3 Running condition fretting maps of DLC film
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Fig.4 Friction coefficient curves of DLC film at different loads and displacement amplitude
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Fig.5 Wear volume and wear rate of DLC film
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Fig.6 The dissipated energy and relationship between wear volume and the dissipated

energy of DLC at different load and displacement amplitude
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#= 1 BEEEIRAK Table 1 Energy wear factor

o (um*/J)/R?

SN 10N 20N 50N

DLC  2285/0.981 1144/0.791 270/0.999  80/0.990
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Table 2 Fretting wear morphology of DLC film
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Fig.7 Raman spectra of wear tracks of DLC film with (a) an increase in normal load at the
displacement amplitude of 25 ym and (b) an increase in displacement amplitude at the

normal load of 20 N
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(a) SEM images (b) EDS analysis (c) Raman analysis
Fig.8 SEM images, EDS and Raman analysis of wear scar of GCr15 ball
8 GCr15 kEpHIH.%E. EDS & Raman 5734

DLC/GCr15 XJ BEI, GCri5 &5 mll BE 45 ™ 5, & B 3 T s AL VA IR e il K B 1R R B 420
W 8(b) A, X EHIHIE4T EDS 43 #1. EDS /04T 3& B EEBER I A B e R A7 A0, HE—bil
IR O o B 2 B BRI S 0 SR L 2O L. BB AE GCrl15 PEHERIR A
PEEREERS IR K. B TR /D T DLC 5 GCri5 B #fh, {edkEm 25— bRk, A
R T IR zh Bt R, that, BEJE 4 2 i IR 7 D WEAI G UEMI NI L5 R . IS
D WERRTHIEI,  1BH B T A AE A SR Ak

2. 3 W BN IR S At iR

Normal load Normal load

_ DLC
Debris \ graphitization Transfer film

Fig.9 Fretting wear mechanism of DLC film
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