)

dr

LlH]

B, i
Sl pkign g 0S5

S pwkiga 09 8

sl oLl

&é&d w.’&eﬂ MJJJ MJ‘ wm‘)\s L eDL) a\i‘)b 6‘}3

s> 8 b IS

Ol g

2 Kl b e prsis g, e b el S0 ew ) p
Swelys Cll-

Lozl sl

S daml S5

slie skl

AAE L S b Ss

Aiags
3Ll Gl 6, A & deses

\\”/\V OLO Jﬁ,@-\:



PR

1Y 2 o) eadlis obb 4o i) uliE IS gaia s 1 s g adle ©Muans Cuibga b &S () 93S)
Alb ) gelaz) 5 o S5 at, Ol ) a2 5 oass S035 s o &S LS ann 51 @b
s o 3, S 5 0ol es 50 S5 00 bl 4 1 T D gl 0558 5 0500
) &S 0V A2EN g g0l B P osgad o S a5 2ol o o D)) BT Caed 5 LS50
OV O g 08B 08 o ol o) O 5 G e o) LB 8 o MalS ) ot S35 s
Sd g b aam 355 (BT Gl Lolan L S5 S0l§ g n ettt 5 0l 29510 IS
Sl 4l 5bb 2l 45 595, 5 Jamiia L a5 Olass 2520 02 1o s > 28 1 n glal



s dese :(:U &3l Gslo oL 4l 95/.5[33\5 fU

G s b KoLl Sl s LasedS Sy hems la bl S36 ws 0 el OLG Ol g

Sl

S 3 daxl S5 1 Lol sliad

N i S5 gl bl

S bl S SO i AL L) el IS 0 i plaite
Sl pkige ¢ 0 ASKES]S s 0 oIS
Vo Vidsio Sluss AV/A/YY ZM\ @U GJU

cou\a..[YT C)b.) ¢L}_<.:.AL.}..> c.w)jl:.;,f ‘Lj"l'.’. s cé&lﬂ.@\ ))u,f ¢;<~3‘J~Lr . ‘SJ:JS CJLJS
oS

D sl S

. e

s s Mg Gl s s iy mleo Gla sl LIl 4 5, L, dald S 05 s
g5 53 W3l opl aan s il VT sile 5 ST Sl 235 (3l 55 5 5V (slgse
2l ey ld s b e &S wmee A3 gls Sk ol 5 Sk il 3
03305 3585 355U 5 5, Slgmliio 4 bs Ko b 3 )8 52 4 5K Slss e udle L
ol A s ST s el Dl gl Sl el 55 s sl ool 8 s S5 ESS
Seols (Saaly Jdos Ko b Canss 055 Ll 5 (S b Lib ad g L Sk
O350 e b ol G opl 5o Ll Sloy 5 5 Ol 53 el O 4 5l sl e
Ll Sk 8 S ke s s e s (Sl g 5lES oS G b g Sl
oo eV 3 gy Gai pl 53 el 4 S a5 ) 63503 o geme ol J BSOS g
et 2y il 4 ey sliiS oy SGS LU s e S0 LEL e Sl 5 o
oL il Skl i8S eglie 0l s cnl elel eiled St 3 | s g 5 antl
S edel ey sl S 3 St F o b S 55 el gl e 5 Wl Sk 53 50
GG Jlesl 5 Sl i ol (5,5 3101 L s 8 sdalie Wl S il 0 o same Sk
O S 88 Sk 6l 6,53 5 ol Sk ln S s 5 ol Slas o3b 53 bl
o sl Sl o3b s g a0 S el e oV S I aste e Lo

.:ﬁ&esw\%waé\ﬂ&w|}l Cslyls ) s 4 by o




AN
"
Yv

Yv

Yy
Y¢
Yo
YA

YA

¢
A%
A%
£q
A

0)

................................................................................................................................... dedie
@L;o o idyl et )
............................................................................................... Gadis aipdg =)
.................................................................................... b Ko,k ol Jae =Y-)
............................................................................. s Kok s 8 L -)=Y-)
............................................................................. Sslial (1AL =V =)=
............................................................................. Saalos (6,148 ,L —Y-V-Y-)
...................................................................... s Kok s e jr SV¥slae =Y-Y-)
............................................................... b Ko,k s SEhaol [ skis —V-y-Y-)
................................................................ b Kok s Sl e —Y-Y=Y-)
...................................................................................... s Kol 5 Kl -
.................................................................................. e sla s VT gl -2
.................................................................................. Gt oyl rl?g.:‘ oy g e —0-)
s, 93150t pos Joad Y
........................................................................................ o3lizul 5 g0 as S =)=V

ealaul 340 o.,\;in -Y-Y

..................................................... 03‘3).; Q.l\)s ealaul S0 gi..:f.l.v Slasein =Y-Y

........................................................................................... Ji.,\,.s ;A.ijap -Y-t-Y



ov

OA

10

1o

VY

YA

V4

.............................................................. Hb&ﬁ@bé})f@u—\‘—w—\‘

...................................................................... g_)j.«&é L<.~:J~L: s CJLU —Y‘—-\—Y

............................................................. e &g‘fl;@béj)fw—i—-\—Y

.................................................................. u"l’i s ) J-;}" LSLAJIA‘jLi C\f:}‘.w\ -V-Y

........................................................................... &.)W}HL.« &g‘jﬁb c{bwux—/\—\‘

................................................................................................................ Lgﬂfa.?;gj—\—Y“
......................................................... C)‘JM 9 L}.:.EDJ Q‘«")J Sy g0 LSL@.Z.:J}JM -yY-Y



v

A

v

v

A

A

9

0

\a

V)

\Al

\Al

J_g‘.\:: C“"""J'P

........................................................................................... LA&H{)J%&;&:}U‘L‘\—\ J_}Jo-

............. uw)éua%yijwﬁcjl{@\ﬁ\‘—\ d}Jo-

.......................................... s Glems S ol s TV Jadr

.................. &ﬂ)jﬂuﬂ_}jw}w‘bu‘)‘\—r J}J;-

....................................... C,.‘j\ojuj—tofﬁ‘)li—uw;&b&ﬂ;@bwm\‘—* d}Jo-

................................................ <Js

WY =t el — e s Wl S el gl £-Y st

................................................................. tsF\JQ—UWjHu&jLGbML&A O—Y JJJQ-

.......................................... CAPRP

Vave bl e 5 Wl S b ol alie VY o
= Vitart bl —gne 5 Il Koy ol alie A-Y Jsar

Vistart 2l = sxe 5 HLM S ks @b doslie A=Y J5u

...................................... s V= Vip bl —Cosme s Wl Sl ol aglio VoY s

VHp ok~ 5 ol S b s acglie V=Y o

....................................... Sy W= Vi bl s 5 ol Sk ol aglio VY=Y s

VLw bl —cpne 5 Wl Sy sl anlie \W=Y Jsur



Vo
1
1
Vv

\V

AR
Y

Yy

Jdyl Jua
......... cilsn sl oW1 bdsna b oy S 6 55 a3 sital oy Oloy 035 3 ABE JiK V=) IS0
..... VT 05 glite o S 55 53 L6206 S 5 sl (L Soled S s €500 Y- IS0
.............................................................................. il slal b s 8l o LT e Y IS
........................................ sz s a3 b Cgnme 5 Il Sk lp e LT e £0) IS
............................................ cilisn slasl 3 e 5 e Sk Gl S LT Az o) IS

......................................... s slge 53 Csme s Il Kk sl e 3 IUT a1 IS
........................................................................... 15Kg)l.3): VJL\.« A_<..:j«.k_v QLZ\:J)\ S 2 Jg..;

......................................................................... s ) Soslime slal g3l 4 Slabs,l Tms A=Y IS
.................................................................... WPl Sk gl p ALV O S 5 s ms jlaie 4-) IS
.......................................................... 1500 pm e sl 5 ALV 0 LSS5 ol TS Hlais Vo) S
.................................................................... s oSS 6l il LSS alie WYY LS
.................................................................... s oS Gl w il GLeSSS s VYY) IS
................................................................ Cslize gla b 53 b e VT oSy S Jilad 1YY S
..................................................................................................... Pl Ky olaba,) L) s
........................................................................ b oW1 o 31 s 61 lilas)) LT Y 0-) s
................................................................. s ot VT 3 bl i1 s gl lalas ) BT Y s
.................................. s Ko s axle sl s Wl S gl RaEs sl WYY IS0
.................................................... S S el 53 Wl S 5 el gl led VAR IS0
........................................................................... Sy calies gliml (g5 o b odVT S0 VAY IS
............................................................ 15Kg ;L5 5 53 pm cls gl olabl BT Y-y IS
...................................................... 15 Kg JL s 5 53 pm ohys gl 5 slead O > 5T V=Y IS
............................................................ ISKg ;L 55 5 53 um ol gl Sse Jrons VY- IS
.................................................... 15 Kg oL s 5 53 pm &lys sl pennSle S o jlude YY) IS05
.................... 15 Kg JL ys 5 calise slal b opal 181 2153 25% ol ol 5JGT Y- IS
............ 15 Kg 5U 55 5 calises slal U opal 081 21533 25% (gl 5 lead 0L o 5JUT Yoy s
.................. 15 Kg 5U s 5 calises slal L opal ST 133 25% gl 5o i Y2 IS
.......................................... s VT ke s 208 (3l a0 b s il LSS alie Y=Y IS



Yy
v

A}
¥
AN

¥

YA
Yo

Yo

¢y
LY
LY
AN
23

Lo

oY
oY
oy
oy
0¢
3
00
00
o1

0

.......................................... sl VT Sl o i 3l b s Cilies (LSS aulis YA-Y IS
........................................... sl VT bl o mis 3l ol s il GleSeST alie YA IS
.................................................................... Sk closes Glgmand 53 isles Ol anglis Vo) S
...................................... sl VT Cilsea slaol 5 Lyl 53 Sl es 5 05 Jiale Slaie YY) IS8
.......................................................................................................... eslizal I 3 Wl e S YY) IS
.................................................................................................... f:wjﬂw});wﬁff—\h}&:
............................................................................ Sl ol y OLL 45 O Aids jae &S e S TE-Y) S
..................................................... Slial Sl s KoL sl glas s sl Sl Yo IS
........................................................ Sk (Seals Jos 6l 05V Sl glealans Y- IS
...................................................................................................................... ) et Al TV S
.......................................................................... JSs i 51 U eled el e i sa) YA S

P32 Jad
......................................................................................................... sl eslinal Sy S 1Y IS
........................................................................................ 50X — Ul o3l 5 g oKy Koo oS Y- S
............................................................................................................... 50X — ¢33 03l p i Y=Y IS
............................................................................................................. 50X = p s 03l g £-F IS

............................................................................................................... WY Koo S sl oY IS

.......................................................................................................................................... Lol —V-Y s
.......................................................................................................................................... Lol A=Y IS
.......................................................... AP KR EPISTIN WRECTN PRGN SN PVl P POV A N O
............................................................................................. th@u—@)h—@u&;m;\._vdg.:
................................................................................... psudju{u—ajh—rm_{;ug\\—vp
...................................................................................... O P L N S I
.......................................................................................... J)wl:—u,M—vJL,,&mx_w—YJ@
.................................................................................. psudju:;ts—@)h—@u&;m;\z—vp
............................................................................................................... IV = e Kb vo-y IS
.................................................................................. 0 JEasb— ds Y — Wl Sk - VY s
............................................................................................................. I = e Kl - V=Y S
............................................................................................................... 50— e Kol AT IS
............................................................................................................. Sy = e Kol VA S



Y
vy
\a
¢

\43
\43
\4
Vo

v

.................................................................................. AR NP ECA PR RECINFIWORT PN i T g UO
............................................................................... FIY b= s - e Ko VY S
........................................................................................................ S5 = e S YY-Y IS
................................................................................. APPSR PR EEENENPPIT TN 2 J LS
................................................................................ FIY b= S Y - e KoL YEY S
......................................................................................................... Sy W — e Ko YooY IS
................................................................................. YOI b= I W e e KLl Y- S
......................................................................................................... APRT-IENEIWORT N (70 I LW
.................................................................................. FIY b= 10 - e KoL YASY IS
........................................................................................ Ll o 35 oy —YA-Y S
........................................................................ S 3 Wl Sk sln o sl amlie Sl Yr-Y S
........................................................................ e s Wl Sk gl b 6l amlis (Rl TY-Y IS
....................................................................... S 5 ol Sk sl Ts sl amlie Jlas YY-Y IS
..................................................................... e s ol S 6l Tave 6 amlie (LYY S0s
.................................................................. Coe 5 ol Kok 6l T Ly ol amlie Sl YE-Y s
................................................................... e ol Sk 6l T Hp ) amlie (ol YooY IS



Oljlais | S gd
O oles ot (glialy 55 Ko L Q

Sosa bl o &urb Bl¥ Q.

j\’w bl o3 deb oL Qr

ooled 4l a

W5 X e sy B

toxloanils p

dozls wa Iy

wxlopr oM

ozl o ool Ol

Sk gz b3

U-0' s stz o5 2 o @4
Sk X I tazl i3 s )y 500,
SrilxSsss R

dazlo lb D

Sy Sy Sy Ce s U 50

o o s> Le ) 50,

At Lo v



PRV

03500 13 Glsl 3 oS a5y slas S Lendle slil o 5 age 51 SG Olse w4 la Sl
DA S5 53 s adae U 5 038 35 5 6L 5 58 lewlie 3 Ll IS wls
Wl 5 Shee 035w g Slal3 Sl s s 4 Sl 0l S o oSG e
ol IS 5 Canss bl S ctle 5 b Sl e bl L el a O
Sl &S dien a3 O Slent ¢ o Koyl Bald (5la s ) (ki il o e
e Sk Conds Cadln algatopm oo 53 10 )l e Syl 5 Shas 4 ool S Ll

Sl Al g Ol 95 e

3 ledas ¢ (A3 s ot 5 s Sl Cands Sl 5 oL e LSS edle
Sy oKl edis ad pile s S5 S Sl 3 el 0 s b s Wl Lasiis sl
%Jﬁ)ﬁiﬁﬁA{Q‘j.?&Qibjﬁw\dij)céﬁﬁt{.bﬁm))ugj\ww“ﬁ:)b
Sl pend ol 3 O Sl oll eslizad Ol ¢ Loy opl sl 31 S et p Kol o

.JJJ;JJ:&JJewoJLiLw\J)jAJJJbJ@)JJf.LﬁUL@JTJM@U{)@%J;@.J'@KL#J
Il b g o alis 55 Sl 0a e Sk pU b e sla Kkt
50 01 (6,8 o3Il 0T 03 S s8 Che w0 oS 3538 o il W6l 3 SKasl Ol Sl
a Ko s eds il Shaol j5kiS (6,8 oIl ey tash opl s Al e JSie
U'i‘ B ol s e C,&-\JJ.: m.ﬁ\j;- s )\ fb— C_ﬁ.} S99 (,_,\_c, L.’. S99 u..a:.>=~15
Lo esVs sla o>|ﬁJ§.i4{LAe.)\;iYT¢ﬁ\ AL o S 3 e gl stV s s s
oudﬁws\)ﬂﬂgﬁ@sw\d\&;@ww@\@.up&wsw
503,85 Slalis Cgme Sk Olpe @ iy sliiS oKy law s 1yl 038 bl 0T 55 1,

LS‘}""‘U%J;°JW\W(’»&:’.)"b'b)°"\‘iyitf&i)“hb@bd‘>))1w$)>

35S O3 el 2o b Sl (slize sl w5 0 NT s gl sl

w5 Sk gl g8 b las e SV 5 s s Sllas mlie asl OLL cnl Jsl Jead o

W5 Sl 13 3 b e gl ST

AR



Sy by S g3 el 4t S IKG sledisy o s eslatul 5 e L;L@ﬁtizmaju)\ﬁ\‘r);J@);

MM‘?QJ)}ILQMJ‘QJAI@JJ@LD M‘b‘)b@ﬁ“‘j})‘}w}f

VY






S eslinal w1y 3 o8 ST il glen il 3 1y &z 3l eslinul iy oS (5355 (it

St Sty 5 Com 3l el S Gl s sy e BT b Sk
ol Slass 3 56K el o3 S s 55 sk sbo S 51 sl 54
SeS on 5 gle e Blie 53 s augs cpl ST ols (b gle wge b S g
o Sl sl g egs el o e 4 AL e Ul Gl e eSS et
Rl osh o s Kk Candy Bl s Sl e 5 IS s sledas plA) 5 Sliiss
Sl s sl al O b had pl 5o Al e 0As 2S5 s 4 5s s % D L)
b Sy b cd 5 IS 5 Cands Sl s sledss flw o b Sk oS - s
oo Sk 035 s sl s Olse ) e IS By eas b 53 s sy o

3 yad el 2
éﬁ.‘é."é' % -\

5 S Ul slabsl IUT 51 eslizad asle Caliies b cas sledss oL Caand opl o
oS ool (ol cue Cilie gledis; o S4B S 13 e see skl 0L JUT
53l el 13 s s ge gt Sl Losyls olant) SOl s e, SOl oL e
S ledss pld s men 4 3,8 e ol IS 5la, slie slgdisy U ol s IS

oslaial 5540 3lowe 5ylge 3 Al da.,\j)\.a Jﬁth{}mﬁ sl Jtitw uﬁ&j\sﬁ LS‘;?
u&«ﬂﬂ&\)l.é.»]ww)fjﬁfb)ﬁj)%bdgwks%j)dwui‘JJ;)\}.;

.v.i)'bﬁdaryj.ouijj.ug-;bgla&é&:bwg.:jb&

V¢



Sre gl o 2l oS s eaVT s> s 56 iy 53 [V] Andersson 5 Miettinen
Gos b odVT sgm s 45 g ol Eash opl 4 A5 S wy Kok Sl (AE) \°J-5&ﬂ
e 3V ey ol s sl sy s bl sl 6 Sk Sl e e e ol
st opl 55l 390 Kob ol sl b ome S 3 b el VT asiis ol Leds,
o35 555 400 s el eled  Soliad 5l K sdd Jleel Ll s WY (6w Ky
S5 ot Comeo 1 Oliabl (gl s S plnil adds 5o sea Ave s Eer G 53 3 s
it (sl o VT U o e § o5 51 aslisad stV 5 o S il S5 Y0 51 s
oKaws 3l s oVl 5 S oS5 @lp s S oy Kk g g edd atle b
Sl S35 51 Wn g ole Gss opl )3 eslited 3550 gl 0tV s S eslinad oo sasis
5 b ol etV 5l eslinad oS s sl OLES 35y cpl 03 M25Y355 5 el aST (cpal ool
hedal oy lewdl 655 UIET iy 36 ¢ SIS, 5 e S Bslsee JS 055 7050 Y il

.J)Ug ° o j..;',\.lm C\jﬁ‘ LSJ:S o)'UJ\ olfi.w)

CﬁwJ;JyfngSQTQ‘)JﬁLAAS&LQOMYTcM))&Swrﬁéuo%y]w).)

L3S sl 1 6 VL S se sl

gl S 35l O 5 Ad e SRRl 02 55 0kss 55 S s s S A
abjwjf)b&j\ﬁgﬁirb)‘@v.x‘oud)wﬁojbjbdsjﬁjﬁla)‘ow‘jﬁyc\y|

Al o cim L ol VT 5w S gol S o Jsen s SYL il ol

! Acoustic emission

Vo



2

Amplitude

—
o
S

Amplitude

B
S’

Amplitude

Time
wumw.ggjuuéuM\;iyiwﬁpw;@;MJ\s;,ujw}ﬁAE B[O PRIt

(a) 0.02 w-% of quartz dust; (b) 0.2 w-% of quartz dust; (c) 2 w-% of quartz dust

o otalin o mlaal 3 65l lSaT (g el oy (slajls sad Y=V 5V -) (sl s
P 5P C‘f"‘ c]ﬂ“ S,S o351 Lol sl eals o 4o sl i, 5l S sd

RGO PSS WP Y OL«:..’ S| JQZ)JSMLL;OLQ u—JL.g u.;)l-w-:’

' 1



500 T
Pulses/s (a)
400 1
300

200

100 Hﬁ# ! f ﬁ
0 ;

Time 18:45 18:54 19:03 19:12 1921 19:30

5000
Pulses/s (b)
4000

3000
2000
1000

0 _. + t + + 1
Time 00:45 00:49 00:52 00:55 00:58 01:01 01:04

g5 93 b WV Kl 5o ol b oled 51 ol 5 Y IS

oY1 O3y 5 slite S

O saseiS ¢l e (AE) S se gl S 555 w2 4 [Y] Choudhury 5 Tandon
Sy wexle 5 s Koy L S S Sl L O sl ety Kok s e
S ol a5 ,e sluw Sy opl o ks S eslizul AE JLSe i3ls ¢l ringdown counts
st ol s Kk e Jiled il e sl aliad odld caas de K1 I sl

RCSU VTSN PPN S St I TS AP CO R K P

Aas e 0L 1 el gl o3l 5 s g Lol e 4y IS sla SS kgl 1) s
s o 0L 1y Sliglesl Sl edel oy ol 1) B Y- (LS

s J’“J a)'l.h" =) J)J}-

Bearing size Width of defect on
Inner race Roller
(mm) (mm)
NJ 202 0.0, 1.0 0.0, 1.0
NJ 204 0.0, 1.0 0.0, 1.0
NT 205 0.0, 1.0 0.0, 1.0
NJ 200 0.0, 0.15, 0.25, 0.0, 0.15, 0.25,
0.5,1.0, 1.5 2.0 0.5,1.0, 1.5, 2.0
NJ 207 0.0, 1.0 0.0, 1.0

AR



200
MQ 150
"
1S
3
¢ 100}
3
]
o
g
T 50
0 | I 1 |
0 0.5 1 1.5 2 2.5
Defect size,mm
Calises slal b s gl s Ul e Y2 IS
@)ﬂ)j)\o" &;&ﬂjrﬁjlasvo )L!).)
YOI ‘dlp'-b &3-1) |
1.000E+06
1.000E+05 F E.—f_/:?h?:
@ -~ R (ND)
‘g’ 1-000E+04 |- -4 [ (ND)
S R
S 1.000E+03f- =
E
o
& 1-000E+02 -
1.000E+01}| : ::::::
1.000E+00 | 1 1 | 1

10 15 20 25 30 35 40

sl s a3 W Imm 5 ,0) e 5 e Sk 6l e s IUT ammim £2) ST

@Jﬁ)}b\O" Q&ﬁ)r;}lcsvo)bjb

YA



1.000E+06

1.000E+05

1.000E+04

1.000E+03

1.000E+02

Ringdown counts

1.000E+01}

T

1 1 1 | |

= R(ND)
~4-1(ND)
R
= |

1.000E+00
0

50 75 100 125
Load, kg

150

e glasl 53 Cpme 5 Wl Sk sl e LT e 0) IS

4.5132){)‘93\0" g;&fw)é

1.000E+06

1-000E+05}
n <+ R(ND)
.g 1.000E+04 |- - (ND)
8 *R
$ 1-000E+03 |- g
S
g
= 1.000E+02 |-

1.000E+01 |-

1.000E+00 L ! L

0 500 1000 1500 2000
Speed,rpm

cilsn sl 53 Csmme s Il Sk 6l e IUT am 1) IS

483> ;5 593 V00 C,_c«ﬂ)rjf}l:s\/o)l.:):

14



wals 505 e S Sldie AL 2855 el slwl Cue bl 4z p a8 W esls QLS s cpl oo
gf;iﬁlg).sgf)ﬁgx.odaﬁ)&iTLg\ﬁAEASMoJ\J&LiJW.,\{QyJQ\}élL@)L;QM

RO

b Kb ol Ky 5o e pasis gl |y cilee (i) e [T] 0L Kas 5 Tandon
oIl gy LS als g, cp e Olge 4 s S By sk ol o s LK
o3 Floge S GRass pl 53 BAS s 3 S 5 Lkl Ol s I Seb S
Koy 55250 pm L5l L 1500 pm G 250 pm sz 5 5 2500 UM Cul Ges U
Coso iz gl o e Sl Cd il Soseo Ll apae a5 5 edd slel

RURY

Aas e 0L 15 15Kg JL s JJle (sla S b clalas,l 56T = V- e

15
12.24 1213 12.51 12.29

E 10

E

E

=y

8

1§}

=

w b

=

o

0 : -
Healthy Bearing-1  Healthy Bearing-2 Healthy Bearing-3 Healthy
Bearing(Average)



