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An Experimental Study on the Friction of CrN Coated
Specimen using the Acoustic Emission Sensor

Chung-Woo Cho, Young-Ze Lee*
Graduate School of Mechanical Engineering, SungKyunKwan University
*School of Mechanical Engineering, SungKyunKwan University

Abstract - One of the innovative physical methods that provide insight into the basic
processes which determine friction and wear behavior of coated machine tools is acoustic
emission (AE). In this study, an investigation of the relation between AE and friction signal
produced during repeated sliding test is presented. The material of test specimens is CrN
coated 0.2% plain carbon steel with 1um thickness. The obtained results demonstrate that
AE signal is very related with friction, and AE signal is more sensitive than friction when
CrN coated film come off the substrate.
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Table 1 CrN coated steel

Coating Substrate's Substrate's
Thickness | Hardness(HV) | Roughness(Ra)
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40 t:ycles1

. AYAY 2 3@

Fig2 & F3A3F 075N A =2AA
S20C dWwrgAa7te vlnEnELdE S
T35 Axoltt vBASFE FFIA
T 2000 74X &3t FE AT AE
Ases HE3I M4 40, 100, 200, 800,
1500, 2000 A1 0.1 % F<re]l N3 E
EAN&AdY. AF3AF Frtd wH
nZAFE 0252 A2 AR
2E =2

# QTh AEANZ Y AE
R )
.= vng 3594
= Ao HFee A
U= g AEANEE ERA ¢ £ 9
st

Fig3 2 C:IN ZB S F4 1pm A4
of Zt #A8 5 e vjlnPetE4dd
33 Addold. Fig3(a)= 343
035N dujo] AdZA#AAd, nf&A
= AES3AF 300077 0.06 22

-y o

100 1 200 800 1500 2000 105
-W-M-WWMMMOD
4-0.5

0.10 Time, Sec

0.6

104

> 02

| 0.0
50

1000 1500 2000
Contact Number of Cycle

steel disk sliding at 0.75N normal load

—=217-

2 5 . AEAZE =
Mol g dH5JAE7)
Ago FEA vdEuyE
2PNz E vEgA &g, gy
FA3%F 035N 9 vlnPAFaME
AP Ho] FE&HA Fgn & F gl
th. o]RAL AEAZ Y mANET EEF
AdxE AIAE Bolm 7] wWEolG,
Fig3(b)r 2A5F 045N dmo 4
A, nFAFE HFIHAF 540
A 0.06 22 \ay}y‘r AR o}, 1 o
F aggsdd o3 ndASF 334
g F7H dede RS B 7 U

IR A e
gute) A%
deuhed,

Fig3(b)e] AEANZE RYE HFIAF
500 A7bA Zyue] AAWMFPd dAF
AHFANE dERg. FFIASF
500 78 YR s&o] g gL
7b vdegdsE A& B O+ AUtk
Fig.3(c)& &85 0.55NLmo 2F
Aol wt2AFE AEFIHAT 170
A 006 22 AT 2 o)l F o

299 g o3 FFG vtRA T
Z7t8 & 4 Adh Fig3(c)d AEAZ
A 160 A7MA 2B XY &
HWydo] oF ALHANEE Holxm g
o, I oFed ZYH &
ELFAI vEvE RE B
t}. Fig3(d), ()2 <AFZF 0.65N,
075N du= ZE& S Holx o,
% 7t tE2AAA w@2AFE HES

A 80, 40 7+A 0.06 22 L AT wiH
g olF 9 HFA ZE s o

S|
&3

10 ox fff
Py
AU

Nl

¢

R Ase Adg I dEdd.
Fig.3(d), (e)®] AEAl&Z = HZ3 A4 70,
25949 ZEu gEd o EdFEA
TE Rz . A¥AHR AY =
&o & Yelve vlEA I 9 AE A
e Ad ‘Qﬂﬂﬂ= AE ¢ F A

a8 AEAIZE I} w

Ad4 7kl e =z & 7
4 e BeRdE AL ¢ F 9
.



> 05,20cydles, 200 500 , 1000 ;, 2000 | 3000 ;0.5
& o0 0.0
17}
<05 . _ 05
0870 O Time, Seo 06 spalling
8o o (® ®) ©
0.0 oo  Fig.4 Wear track (a)(b)(c) CrN coated disk
0 00 tact Number of02332 200 3000 tested at 0.45N normal load( ——:200um)
(a) 0.35N normal load B
Figd T FT3A3F 045N 2894 1
> 05, 10cycks 1000 nyrtzdge +4% o REd
WWWM 8. AN @ ATEATY 3
€ 05 05 3% AEA I} JEEW(Fig3 b)Y F
0.00 0.10 Time, Sec o o N N 1= =
06 Z23d4 2000 AFTHH7HA A@T
X 00 UYLe B zEgo Ao A o
) 500 1000 1500 2000 A2 B0l EAAA Hoid

Contact Number of Cycle 7}.&-‘: é%%%}&% L]-E]-L}-Z] %}-gl-c}
(5) 043N normal load e Av2UsY §2Y AEN B}

> 05,20 cycles, Yet7] Al 289 (Fig.3 (b)) BE53A
% o MWMM # s000] AFEAA A¥P =4
¥ s 05 H, Z¥EYY REHA 2FHFHAo|
O.g.OO 0.10 Time, Sec L]-E]-\—]- 7_‘_9_ % _,.':_ ol I:]— o] E-] fﬂ- i%]
: 313___4__,..—-————-}13;; gl 2ZYA4Le FHLFE0] A F
00 oo H& AL uss Aoe=E nFAITR
T commmmecilee 0 ™ g apassl sgYRes gzsso)
(¢) 0.55N normal load g uzsdgs 2L 2olxm Y. (o=
> 0.5,20 cycles, 200 n}%ﬂ]!ﬁg} %z'jlzﬂ' ‘6‘7}‘9']' %‘i—‘-_}'ig AE
T .ol _ Az 7 Jetg g (Fig.3 (b)e HE3AF
2 o ' ' M., 10000 BIH7AA @ =aAd),
‘000 010 Time, Sec
06
8 0‘4]\‘—————/“"’&*‘»‘_&*]0-4 100 j
0 02 02 RS
0.0 0.0 =
0 200(:ontact Numbe4rot?f Cycle 800 r ﬂ\_
(d) 0.65N normal load I B
k=) ],
; 0.5 ,10 cycles, 500 g { ‘L\\:& O
& 0.0 wwwww = s
[ [
2 05 E L
O.g.oo 0.10 Time, Sec 06 2 A By friction signal
w 0.4 0.4 OBy AE signal
8 02 02
0.0 0.0
) 200 400 800
Contact Number of Cycle 10 i TR ]
(e) 0.75N normal load 10 100 1000 10000
Fig. 3 AE and friction coefficient signal for CrN Cycles to failure
Coated steel disk sliding at each normal load Fig.5 Wear life diagram of CrN coated steel

disk with 1pum thickness
-218-



ZY o] AsA FEH AT &4A
3l =y e e B 5 AU
el Ag3 2FAE nYLR v
ny FAsFH 2P HHFE Az
v agurtEsg A HEAAFE
demtEs vyetd ntREFEAER]E
Fig.s ¢+ #Zol Yetd & o vz
To g nRFHMAEG AEAI
A% MEFINET} A9 LAsE A

Q.
g B + o},

CINo =2 =zEH z
EQHIE Y] tholotE= GAE AL
&3 munHEvtz AP AE AA ]

SANAED

AENZE A9 AT, weti
gutol o Fe AEAAMY H
o] 7b5 3kt

2) HEvnHeE AP =Y
Eol oiste] AEAE7F vhEAE
oo @A e do

3) AEA S 9% zE R v,
< F7Hg £ der, 2dnE R
FHAE 2ol Jhesith

g
e
r>

- T

op K 2 oM

A2
[ =

77

E dFZes 98d G4 gAGE
2 Y(FAHET 981-1011-069-2)F A
oYt AdAnAdALF A7 4

B Yoz FYPAAFUL

t)

il

Mo

a

[1] Mustafa Urgen and Ali Fuat Cakir, “The
effect of heating on corrosion behavior of
TiN-and CrN-coated steels”, Surface &
Coating Tech., vol.96, pp236~244, 1997

[2] Y.L.Su, S.H.Yao, Z.L.Leu, C.S.Wei and
C.T.Wu,
behavior of three films-TiN, TiCN and
CrN-grown by physical vapor deposition™.
WEAR, vol.213, pp.165~174, 1997

[3] B.Navinsek, P.Panjan and J.Krusic,
PVD  coatings,

“Comparison of tribological

“Chromium  nitride,
industrial application, performance tests”,
Surface &  Coating  Tech., vol.97,
pp182~191, 1997

[4] S.S.Cho, K.Komvopoulos, “Correlation
between acoustic emission and wear of
multi-layer ceramic coated carbide tools”,
Transactions of the ASME, vol.119,
pp238~246, 1997

[51 B.Bhushan, S.M.Forehand, “In situ
instrumentation for localized wear studies
of magnetic thin-film disks”, Proc Instn
Mech Engrs, Vol.211, Part J, pp249~262,
1997

[6] K.O’Brien, D.Harris, “Head/disk
interface contact detection using a refined
acoustic emission technique”, Journal of
Tribology, vol.118, pp539~542, 1996

(7] B71E, oA, “ntEsAYrte 9
g TN ZZetetel opZd A slESA
of #d A7, ¥=&ESIA, A 13
¥, Al 3 &, pp28~32,1997

[8] Y.-Z.Lee, K.-H.Jeong, “Wear-life
diagram of TiN-coated steels”, WEAR,
vol.217, pp175~181, 1998

-219-



