ol 58 g gloj 039> (sl JUSw (sl y

¥ 31340 (G0 (G0 duoww (50LTgls e ( Slalyd e

Ol ey ety i g olBiily (SLilSe i 00l (ordg ial oLi.i.;"Lo)‘—l

ouS>

5 SN Sg e plimog; padiid Sl lgs Sliga Cemdy b die) 50 b b el (3lE GBBL Csee aiedisr aniis

5 Sy gl A g 5l JSate wiedse pasii (S slap oSl Sl eslital s (6l oolaBl B (S slaaaly s (el
(e Sty b dwlie o iy gras 0 aes e gledaie glAiul ly ojer QLWL iz Wajls 5 nole) cgadais
@ G ol S e e &S gl (Bl JUiSe ) g5 ek 4 ]y e Ss g Al 1) SedbT I (g e YL 285 L Wil o
Sod So 5l By ool 2 008 plalid (o153 sl Syge o o qeiile GBUL oS bS@dla nd p odle g, ) ST eoliiul b 09 o0
Alisie las39)9 5 4o (LS 5 =33 (e (L polate 4 g h seoslitul (aile (BBL Johite e (o) sln Bos 05 g o0le (i (orae
Pl S oz 25yl s ile ool sl 00,5 o0 dlie SouSe Ll @b 5 sl LS Golsil 5 (58 b (Slej JUSs aloz ]
SlA Sl S, olF e Cands ez 5o (AELLT Glacs dap Bl 5y, festae Gla )5 bl b 5 cusl sad aisle 5 (b al8ales]
s alole gl el 00ys, bl ()35, Sl ¥ L et sy 4 5 sl 90 by 1) Ciliie (65 Ll 5 VP 45 annle 3 5 o)l S,
WD nln s R 5399 99 5l S el (oudlS 8 il (] (59959 45 (o 3 2 BUL o g9 5 397y LA 3 Jae QIS 5 2o 4T wed e

MLJGA Qoo

PRWLEINT

olils ) ).»JbT i (6,15 byl Laade GBUL « chiorn (mac Al (abigd (s (Curdg il



FPR-PEY

Slp Sadign Joo Ko anmgi 5y cnl 51T el Jlgs lagnile 3 RS s ) S il slagBbL >
95 Soo 3 Coxdy b slagts; 098s) O 5518 L adl Cueal Pl L Wigs oo LapBUL coe plasg; antis
4 raaiie g glie plole Wy b oudd o Sy olaws 2alS g 5 Rals Gk sl beanse rals sl A6
alyl s ed 4 Wlos sl (65, Jleixl slo ol > suin 9 el gl Vil Clds Consg 5l ools (5 5lae
9 bs) sepl 4 B ogdioe wlanl i Sl G clicme sl Wosls I cerlie o> el S @ g 00l sladl,
Lo oSl 5l osliiul ba by, cnl 51 (S wCewl oad (Byae g gl Ol Kamghy 5 (eliine Lawgs jolare (nl sl ouxie sl oe
sloolaiwl b reghy ol jo i)l puoes slrools Judow o oYL e p g B0 o ol ol Lol oo Baes (680l dieiiga
e GBLL Sl el sy (3,1 Gl iS55 5 Sloj Slackeb alie 5 o) @ et e 4SS S
Dgdge 40y yite )5 Ll jo allilejl Qs jo ad, S lasiogs

b (Gl sl ol alidie lasag)g Elgil b (chomn (ovae 4l Joo o ,Shoe auslinyg (ow)p allds (pl Soa
e sl @hr oo plolis ol 53 phoes 5l Ban ol p22le Glag Bl obows oo TUUSw ©olgil 5 Tl 8
Crdy sy Ol (L3l S Jelo o s o 5 Wsdioe (Fslite ALl b @ e S a5 ol il
L U ygunins 31 o0 o 2ibe,) o JUSa (335, b bbbl obowe 5l mold | ol ubowe o oBLL cwdls
a5 Conl cpl LAl ol pled azg 0sd @dly dube Wlg g0 Nyl0 prgal (U3l 8T GYL LUl A Lhory ceac slaasll
sloosls 4 ilngie 5l 6 pSelx Glp et (pl wSTglFel palas s S 5l b Shy )80 55k 4 wly o
oS sl © plad pleol 5 T5s STl daaSis gg ol hol (Shrg 90 W8 3l Jgere slapty sl 4 S syt (B4
Slp Al &5 S oo clie )l wiien Gangs sbosls Vaens ) slasagyg o5 omdle plim o n,5 sl ) O
AT el oas oslinl 8 el gom SalesT slassgg 4 LS anseis 5 oaeb slaply L35l

sl sbnl s 3w (al 5o 6sls S & Oliegh 5l )b ot (ras el VL lally S &
919 5 699)9 laodls (59) Jloel Cgar cilizo sla s Soolinwl Jlis 40 (F p aiind Sy 9 283 (53 Vb S wox
[l OHlan ¢ Sl camgh ;o Wlosls )8 axg5'0 50 |, idu g0 10 5 (Sloae g wiloog Al o colaiwl 5,90 slacsls g4 4o
il Joe S (oo o3litial (639)9 Olgasias (gom S slaodls jlaS wis S sleidy 00,58 Sl fiS b (phomy (ovas S S
Joe 5 b ol pen Multisscale iony cuae a5t o ) S 5 oo ol sols lis 093 5l g5 plp 50 (9% Caeglie
LRtiS gy S (71 Ol en 9.8 il 05,5 oolatul (539,9 Glaie 4 pls ile )| JLKw 5l a8 wisls slgrins 1, FLSTM
SRS sheSy 55 ST oo ooliul Bros (sras 45D (5355 Olsie g aysd o b pigal Sl aS s S bt | cue
N olas JSaz 29S8 5 cha gra oD p e (211 L sl ais az Gy, S0 Y ) Ken 55
R 6995 plyie diGam 98 dpd 5 ol pslal 4 45 S (oo eslinul (o) 0je> (AT la LS ) 45 wsges )]
D ey 5o 500 S o DT el a5 0 g0 s 15l 53 65l 3,50n, b (65500 latagh gl oo
S 50 5 oo ,S oolinul (6355 00ls lsie dp (LAl JUSw 5l Tae olisS 4508 had (28,5 L g chomy oras 4SS

' Convolutional Neural Network (CNN)
" Frequency Spectrum

" Envelope

¥ Weights Sharing

® Spatial Pooling

" Long short-term memory

¥ Fast Fourier Transform (FFT)

* Random Forest

* Short-Time Fourier Transform (STFT)
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' Hilbert-Huang Transform (HHT)
“ Wavelet Transform (WT)

" Convolutional Layers

" Pooling Layers
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' Fully Connected Layer
" Backpropagation
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' Root Mean Squared (RMS)
" Peak
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' Softmax Activation Function
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Tehran, Iran

ABSTRACT
Intelligent detection of rolling element bearing faults is a critical aspect of rotating equipment condition

monitoring. Early detection of faults holds:significant economic value for industrial units in terms of
maintenance and planning. Traditional intelligent fault detection algorithms, which rely on a combination of
feature extraction and signal classification, are time-consuming and require a high level of expertise. In
comparison to traditional methods, Convolutional Neural Networks (CNNs) can process a large volume of data
with high accuracy and automatically extract features from vibration signals. Therefore, in this research, an
attempt has been made to use a simple and shallow CNN to not only determine the health state of rolling element
bearings but also identify the defective element. For this purpose, a CNN model has been employed to investigate
three common faults in rolling element bearings. In order to achieve the best performance, various inputs,
including time waveforms, spectra, and envelopes, have been utilized. To implement and validate the algorithms,
a laboratory setup was 'designed and. constructed. After creating artificial faults on the bearings, experiments
were conducted under Y7 different operating conditions, comprising 4 different speeds, each at ¥ different loads,
encompassing.four healthy states, including healthy, inner race fault, outer race fault, and rolling element fault.
The obtained results have illustrated that the fault detector model with the frequency spectrum input is more

accurate with an accuracy of 47 than the models receiving the other two inputs.

KEYWORDS
Condition Monitoring, Intelligent Fault Diagnosis, Convolutional Neural Network, Rolling
Element Bearing, Variable Operating Conditions, Vibration Analysis.
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