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ABSTRACT 
  i 
Rolling  ielement  ibearings  ifind  iwidespread   idomestic  iand  iindustrial  iapplications  ias  iit  iis  ian  iimportant  ifactor  iin  

ithe  ifailure  iof  irotating  imachines  iand  itherefore  ibearings  iare  ithe  iones  ithat  iare  iexposed  ithe  imost  itowards  igetting  

idamaged  iand  ifailure.  iIn  iindustrial  iapplications,  ithese  ibearings  iare  iconsidered  ias  ia  icritical  imechanical  

icomponent  iand  ia  idefect  iin  isuch  ia  ibearing,  iunless  idetected  iin  itime,  icauses  imalfunction  iand  imay  ieven  ilead  ito  

icatastrophic  ifailure  iof  imachinery  iwhich  iresults  iin  isignificant  itime  iand  ieconomic  iloss.  iThese  itypes  iof  ifailures  

imight  itake  iplace  iduring  ithe  imanufacturing  iprocess  iand  itherefore  iit  iis  iimportant  ito  ireview  ithe  iproblem  iand  

imonitor  ithe  icondition  iof  iroller  ibearings  iso  ithat  iearly  idetection  iand  iindication  iare  inecessary  ifor  ithe  isafety  iand  

ireliability  iof  imonitoring  itechniques  isuitable  ito  ianalyze  ithe  idefect. This  ipaper  ifocuses  ion  iconditioning  

imonitoring  itech. ivibration  ianalysis  iand  iacoustic  ianalysis  imethods.  iAn  iexperimental  iset  iup  iis  iused   ito  itestify  

iand  iinvestigate  igood  ibearing  iand  ifaulty  ibearing  iby  iusing  idifferent  imeasurement  itools  ipulse  isoftware,  ivisteck  

ianalyzer  ito  imeasure  iamplitude,  isensors  ito  iobtain  ifaulty  isignals  iand  icomputer-oriented  iprogramming  isoftware  

iMATLAB  ifor  ifinding  ifaulty  ifrequencies  iat  ithe  iinner  irace. 
  i 
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1. INTRODUCTION 

 
1.1 Background 

 

  i  i  i  In  ithe  i21st
  icentury,  imanaging  ithe  iindustries  ihas  ibecome  ione  iof  ithe  ichallenging  itasks  idue  ito  ichange  iin  

imanagement  istructure,  iincreased  iglobal  icompetition,  iintense  ichange  iin  itechnology,  ireliability,  ihealth,  iand  

isafety,  iconsumer  idemands  itowards  iquality  iand  ienvironmental  iconsiderations  i[9].  iTaking  iinto  iconsideration  iall  

ithe  iabove  ifactors  ithere  iis  ia  igreat  ichance  ito  iimprove  ithe  iopportunities  ias  iwell  ias  istrategic  iplans  iand  itherefore  

imake  ithe  imost  ibenefits  iof  imodern  imanufacturing  itechniques  iand  imethods.  iAdvanced  imanufacturing  imethods  

iand  itechniques,  iquality  iof  ihuman  iresources  ihas  igreatly  ipersuaded  ithe  iproductivity  iin  ithe  imanufacturing  

iindustry.  i  i[9]  iManufacturing  icompanies  iin  iIndia  ipayout  ithree  itimes  ias  imuch  ievery  iyear  iin  ireplacing  ithe  

imachinery  iand  imaintaining  ithe  iexisting  iplant.  iAs  ithere  ihave  ibeen  iseveral  isectors  iin  imanufacturing  iaffected  iby  

ithe  idifferent  iissues  irelated  iwith  ithe  irotating  imachinery,  ione  iof  ithe  imajor  iissues  iin  ithe  imanufacturing  ihas  ibeen   

iearly  idetection  iof  ifaults  iwhich  ihas  iresult  iin  ithe  iunplanned  ibreakdowns,  imaintenance  icost  iand  iso  iit  ihas  ibeen  

idisaster  ifailure  iin  imachinery  ior  iprocess  i[7].  iTo  iovercome  iand  itherefore  iprevent  ithese  ifailures,  idifferent  

itechniques  iof  imaintenance  imanagement  ilike  icorrective  imaintenance,  ibreakdown  imaintenance,  ipreventive  

imaintenance,  itime-based  imaintenance,  iand  icondition-based  imaintenance  iare  iwidely  iutilized  i[15].  iAll  ithese  

itechniques  iare  iviable  iin  isome  iand  ithe  iother  iway  ifor  ithe  idifferent  ifailure  imachinery  ifor  ithe  imanufacturing  

iindustry.  iAbove  iall,  icondition-based  imaintenance  iis  ione  iof  ithe  ibest  imethods  iin  ithe  iearly  idetection  iof  ifaults  iin   

irolling  ielement  ibearing.  iUsually,  ithese  ifaults  iin  ithe  irolling  ibearing  ielement  ioccur  idue  ito  icorrosion,  

ioverheating,  iexcessive  iload,  ilubrication  ifailure,  imisalignment,  itight  ifits,  inormal  ifatigue  ifailure,  iand  

icontamination.  i 
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1.2  iVibration  iAnalysis 

  i  i  i Vibration  ianalysis  iis  ithe  imost  ipowerful  itool  ifor  ifault  idiagnosis  iof  ibearing.  iAccuracy  iof  

ioperation  iof  ibearing  iis  irelated  ito  ielements  ilike  ihousing,  ishafts,  iand  inuts.  iSome  iof  ithe  ibearings  

ifail  iearlier  iin  iservice  ibecause  iof  ithe  ipoor  ilubrication,  itight-fitting,  iloose-fitting,  icontamination,  iand  

imisalignment.  i 

 

1.3  iAcoustic  iAnalysis 

  i  i Acoustic  ianalyzer  icaptures  ithe  isound  iwaves  iand  ianalyze,  ithis  ianalysis  ihelps  ito  ifind  ithe  

ileakage  ifaults,  idetection  iof  icrack,  iand  ianother  ibearing  idefects.  iAcoustic  ianalysis  iis  ia  icost-effective  

iand  iless  icomplicated  itechnique  iof  iCM.  iSound  ifrom  ithe  ibearing  iis  iusually  icomplex  iand  iits  

icombination  iof  imany  isinusoidal  iwaves  iwhich  iprovides  ithe  iexact  ifault  iinformation.  iTools  ilike  

ivistec  i(amplitude  imeter),  ipulse  isoftware,  idifferent  isensors,  iacoustic  ianalyzer,  iand  imore  iare  iused  ito  

imeasure  ithe  idifferent  iparameter  iproduce  ifrom  ithe  irolling  ielement  ibearing.  i[10]  iThese  itools  iare  

iused  ito  iobtain  itime  idomain  iand  ifrequency  idomain  iof  ithe  idifferent  ivibration  isignals.  iHigh-

frequency  isignals  iin  ithe  irange  i100-150  ikHz.  i  i  iRegular  imechanical  ibearing  ivibrations  ido  inot  

iexceed  i30  ikHz  iand  iimpact  iwaves  iarising  iin  ia  ifaulty  ibearing  ifrequency  iare  ireaching  i50  ikHz  

iand  imore  i[8].  iAcoustic  ianalyzer  icaptures  ithe  isound  iwaves  iand  ianalyze,  ithis  ianalysis  ihelps  ito  

ifind  ithe  ileakage  ifaults,  idetection  iof  icrack,  iand  ianother  ibearing  idefects. 

 

1.4  iCharacteristic  iFrequencies  iof  ithe  iBearing 

  i  i  i The  ivibration  ianalysis  itechnique  igives  iprecise  iand  iearly  iinformation  iabout  ithe  ifailure  iof  

ibearing.  iAccording  ito  iTondon  iand  iChoudhary  i[12],  ifaults  iin  ibearing  i(inner  irace,  iouter  irace,  iand  

icage  ifault)  iproduce  ithe  iparticular  idefective  ifrequencies  iwhich  iare  icalculated  iby  iusing  ithe  

ifollowing  iequations.  i 

 

 
 

Figure  i1  iStandard  iRolling-Element  iBearing 

 

Ball  iPass  iFrequency  iat  iinner  irace  iof  ibearing  i(BPFi)  i 

BPFi=fr*(1+(d/D)*cos(A))*B/2  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  I         (1) 

Ball  iPass  iFrequency  iat  iinner  irace  iof  ibearing  i(BPFo)  i 

BPFo=fr*(1(d/D)*cos(A))*B/2  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i        i(2) 

Cage  imalfunction  ifrequency  i 

FTF=fr/2*(1+(d/D)*cos(A))  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i(3) 

Ball  iSpin  iFrequency  i 

(BSF)=fr*(1(d^2/D^2)*(cos(A))^2)*d/(D*2)  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i                                   i  i(4) 

Where, 

fr=running  ifrequency,  in  i=  ino  iof  iballs 

d  i=  iroller  idiameter  i,  iD  i=  ipitch  idiameter 

A  i=  icontact  iangle  i,  iN  i=  irevolution/  iminute 
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These  iequations  iare  ibased  ion  ithe  igood  irolling  iraces;  inonetheless  ipractically  iadditional  isliding  imotion  imight   

icause  ichanges  iin  icharacteristic  ifrequencies.  i 

 

1.5  iCondition  iMonitoring  i  i 

  i  i  i  i  i  iAccording  ito  iHutton  i[4],  iconditioning  imonitoring  imostly  ifocuses  ion  ithe  ivibration  idata  iincluding  ia  isample  

iof  ilubricant,  itemperature  ireadings,  iand  imeasurement  iof  ishocks  ifrom  irolling  ielement  ibearing  idefects.  iBeebe[2]  

idefined  iconditioning  imonitoring  ias  i“conditioning  imonitoring  ion  ior  ioff-line  iis  ia  itype  iof  imaintenance  iinspection  

iwhere  ian  ioperational  iasset  iis  imonitored  iand  ithe  idata  iobtained  ianalyzed  ito  idetect  isigns  iof  idegradation,  

idiagnose  ithe  icause  iof  ifaults,  iand  ipredict  ifor  ihow  ilong  iit  ican  ibe  isafely  ior  ieconomically  irun”.  iThere  iare  iseveral   

ibenefits  iof  iconditioning  imonitoring  iwhich  ipotentially  iaffect  iimproved  iproductivity,  imaintenance  icost,  iand   

iincreased  iplant  iavailability.  i  i[9]  ithe  ifollowing  imethods  iare  igenerally  iused  ifor  icondition  imonitoring  iof  ithe  

ibearings: 

 Vibration  ianalysis,  iOil  idebris  ianalysis 

 Acoustic  ianalysis,  iVisual  iinspection 

 Corrosion  ianalysis 

 

Some  iof  ithe  iimportant  iand  imajorly  iused  imeasurement  itechniques  iwithin  ithe  iconditioning  imonitoring  iare  ias   

ifollows: 

1.6 Vibration  iAnalysis 
 

  i  i  i  i  Vibration  ianalysis  iis  ithe  imost  itangible  iand  iestablished  itechnique  iin  iconditioning  imonitoring  i[9].  iMcFadden  

iand  iSmith,  i[8]  istated  ithat  ivibration  ianalysis  ihas  ibeen  iused  icomprehensively  iin  ithe  idiagnosis  iof  ibearing  iin  ithe  

irotating  imachine.  i  iLike  imost  iof  ithe  iother  itechniques,  iwhere  iwe  ineed  ito  ishut  idown  ithe  iequipment  ito  idetect  ithe  

iproblems,  ivibration  ianalysis  idoesn’t  irequire  ito  ishut  idown  ithe  iequipment  iand  iso  iit  ican  ibe  iperformed  ionline  iby  

ithe  icomputer-based  imachine  imonitoring  isystem.[5]To  iidentify  ithe  ifaults  iof  ibearings,  ithe  ireceived  ivibrating  

isignals  iare  iprocessed  iby  idifferent  imethods.  iKarimi  i[7]  istated  ithat  ithese  imethods  iare  itraditionally  ibeen  iused  

ieither  iin  iterms  iof  ithe  itime-domain  ior  ifrequency  idomain.  i  iThese  itechniques  iare  ibroadly  iclassified  ias  ifollows: 

 

 Time-domain  ianalysis. 

 Frequency  idomain  ianalysis. 

 Combined  itime-frequency  idomain  ianalysis.  i 

1.6.1 Time  iDomain  iAnalysis  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  

i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i  i 

  i  i  i  i  iThe  itime-domain  ianalysis  iis  inothing  ibut  ia  idisplay  ior  ianalysis  iof  ithe  ivibration  idata  ias  ia  ifunction  iof  itime.   

iTo  idetect  ithe  ifault,  ithe  itime  idomain  imethod  ianalyzes  iphase  iinformation  iand  iamplitude  iof  ithe  ivibration  itime  

isignals  i[14].  iChanges  iin  ivibration  isignals  idue  ito  ifaults  iwere  idetected  iby  istudying  ithe  itime  idomain  iwaveform  

iusing  iequipment  ilike  ivibrographs,  ioscilloscope,  ior  ioscillographs.[14]  i  iThe  itime-domain  ianalysis  ifocuses   

iprincipally  ion  istatistical  icharacteristics  iof  ivibration  isignals  isuch  ias  iStandard  ideviation.,  iPeak  ilevel.,  iSkewness.,   

i  i  iKurtosis.,  iCrest  ifactor.  iTo  idetect  ithe  ifaults  iat  ithe  ibearing,  ithe  idifferences  iof  iphase  iand  ivibration  iamplitude  

idue  ito  idamage  iof  icomponents  iare  iused.  iMathew  i&  iAlfred  ison  i[8]  idiscovered  ithat  itime-domain  ianalysis  ican  ibe  

iused  ito  iidentify  ithe  idamage  ioccurring  iin  ibearings  isuch  ias  icracks  ion  iouter  iand  iinner  iraces.  i  iAlso,  ito  idiagnose  

ithe  ifault  iof  ibearing,  ikurtosis  iof  iphase  imodulation  iand  iits  iderivatives  iare  iused.  i 

1.6.2  iFrequency  iDomain  iAnalysis 

  i  i  i  i  i  iFrequency  idomain  ianalysis  iis  ithe  iclassical  ibearing  idiagnostic  itechnique  ialso  iknown  ias  ispectral  ianalysis.   

iKarimi  i[7]  istated  ithat  ithe  ifrequency  idomain  ianalysis  imethod  iis  imore  ireliable  iand  imost  isensitive  ithan  ithe  itime-

domain  ianalysis  imethod.  iThe  ivibration  idata  iis  ianalyzed  ias  ia  ifunction  iof  ifrequency  iby  ifrequency  idomain   

ianalysis.  iThe  ispectrum  iof  ifaulty  ibearing  iand  ithe  ibearing  iin  igood  icondition  iis  icompared  iand  iits  idifference  iis  

iused  iin  idetecting  ifaults  ion  ibearing  i[12].  iObtaining  inarrowband  ispectra  ieasily  iand  imore  iefficiently  iis  imostly  

idone  iby  iusing  iFast  iFourier  iTransform  i(FFT).  iFast  iFourier  itransform  ialgorithm  iis  iused  ito  iprocess  itime  idomain   

ivibration  isignals  iinto  ithe  ifrequency  idomain.  iIn  iother  iwords,  ithe  ifrequency  ispectrum  iis  iachieved  ias  ithe  
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ifrequency-domain  imethod  imainly  iuses  inumerical  ifast  iFourier  itransform  ito  ithe  ivibration  isignal.  iThere  iare  

idifferent  imethods  iof  ifrequency-domain  ivibration  isignature  ianalysis  iwhich  iare  ias  ifollows: 

 Shock  iPulse 

 Enveloped  iSpectrum. 

 Signature  iSpectrum. 

 Band  iPass  iAnalysis. 

 Cascades. 

1.6.3 Computer  iOriented  iProgramming  ifor  iVibration  iAnalysis  i(MATLAB) 

       Matlab  iis  ia  ifourth-generation  iprogramming  ilanguage  iand  iis  ia  ikind  iof  isoftware  iprogramming  ior  iit  iis  ikind  

iof  ia  isystem  ithat  iis  iusually  iused  ifor  inumerical  icomputation.  iIt  iusually  ihelps  iin  ilowering  idown  iroutine  itasks   

iassociated  iwith  inumerical  iproblem  isolving,  iwhich  iultimately  iallows  ius  ito  ispend  imore  itime  iin  ithinking  iand  

igiving  imore  itime  ito  idiscover  ithe  iexperiment.  iIt  iis  iso  ieasy  iand  ifunctional  ithat  ieven  ibig  ioperations  ican  ibe  

icarried  iout  iusing  ia  icouple  iof  icommands.  iOne  ican  ibuild  iits  iown  iset  iof  ifunctions  ifor  ia  iparticular  iapplication.  

iMatlab  iprovides  iexcellent  igraphic  ifacilities  iand  itherefore  iit  iis  iwidely  iused  iin  ivibration  ianalysis. 

 

2.  iMETHODOLOGY 

 

Figure  i2  iExperimental  iSet-up 

  i  i  i The  iexperimental  itest  irig  iis  idesigned  ito  iinvestigate  ithe  ifailure  iand  ia  ivibration  icharacteristic  iof  ithe  iball  

ibearing.  iThis  idesign  iis  ia  iconventional  imachine  idesign  iand  ihence  inot  idiscussed  iin  idetail  ihere.  iThe  itest  irig  iused   

iin  ithis  idissertation  iwork  iconsists  iof  ia  i3  iHP  iphase  iinduction  imotor  idriving  ithe  iV-belt  idrive.  iVibration  iisolation  

irubber  isheets  iare  ialso  iprovided  iunder  ithe  imotor  iand  iit’s  isupporting  ilegs  ito  ireduce  ithe  ivibration  itransmission  

ifrom  iground  ito  ithe  itest  ibearing.  iThe  itest  ibearing  iis  imounted  ion  ithe  ioutput  ishaft.  iThe  iloading  iarrangement   

ialong  iwith  ithe  iload  icell  iis  iplaced  ibetween  ithese  itwo  isupport  ibearing.  iA  ipiezoelectric  iaccelerometer  iis  imounted   

ion  ithe  ihousing  iof  ithe  itest  ibearing  iby  iusing  ia  imagnetic  imount.  iThe  iaccelerometer  iis  iconnected  ito  ithe  icharge  

iamplifier,  ithe  ioutput  iof  iwhich  iis  iconnected  ito  ia  icomputer.  iThe  icomputer  icontains  irelevant  ihardware  iand  ithe  

isoftware  ito  iacquire  ithe  idata,  istore  iit,  iand  idisplay  ithe  itime  idomain  iand  ifrequency  idomain  isignals. 

 

3.  iRESULTS  iAND  iDISCUSSIONS 

  i  i  I Each  idifferent  ibearing  ihas  iunique  icharacteristic  irotational  idefect  ifrequency  iwhich  idepends  ion  ithe  ikinematics   

iconsideration  iof  ibearing.  iThese  ifrequencies  ican  ibe  icalculated  iby  iknowing  ithe  igeometry  iof  ithe  ibearing  iand  iits  

irotational  ispeed;  iusually,  ithese  ifrequencies  isited  iin  ithe  ilow-frequency  irange  i(less  ithan  i500Hz).  iWhen  ia  icertain   
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idefect  iis  ipresent  iin  ia  ibearing  ielement,  iincreasing  iin  ithe  ivibration  ilevels  iat  ia  icharacteristic  ifrequency.  iThat’s   

iwhy  ithe  ifrequency-domain  ianalysis  iof  ivibration  ireading  iis  iusually  icarried  iout  ito  idetermine  ithe  icondition  iof  

imotor  ibearings.  iFrequency-domain  ior  ispectral  ianalysis  iof  ivibration  isignal  iis  ithe  imost  iwidely  iused  iapproach  ifor  

ibearing  idefect  idetection.  iUsually  iFast  iFourier  iTransform  i(FFT)  iis  iapplied  ito  ithe  ivibration  isignal  iwhich   

iconverts  iit  iinto  ia  iseries  iof  idiscrete  ifrequency  icomponents.  iIn  ia  ifrequency  idomain,  iplots  ihave  ifrequencies  ion   

iX-axis  iand  ithe  idisplacements,  ivelocity,  iand  iacceleration  isignals  ion  iY-axis.  iThe  idefects  iand  iits  ilocation,   

ivariable  iloading  i&  ispeed  icondition  iare  iexperimentally  iobserved.  iThe  imeasured  isignals  iand  ithe  icalculated   

ifundamental  idefect  ifrequency  idiagnosed  icarefully. 

3.1  iVibration  iAnalysis  iat  iConstant  iLoad  iwith  iDifferent  iSpeeds  i 

  i  i  i  i  iThe  ivibration  ianalysis  iwas  icarried  iout  ifor  ispeeds  i2880  iat  ia  iconstant  iload  iof  i20  ikg.  iIt  iis  icarried  iout  ifor  

ithe  ihealthy  ibearing  i(B-HTY),  ibearing  iwith  iinner  irace  idefect  i(BPFi)  iand  ibearing  iwith  iouter  irace  idefect  i(BPFo).  

iThe  ivibration  isignals  iof  ithe  ihealthy  ibearing  iare  ishown  iin  iFigure  i3.  iTo  iassess  ithe  iclarity  iin  idifferent  idefects  iin   

ibearings  iat  iabove  imentioned  ioperating  iconditions,  ithe  ispectrum  i  i  ianalysis.  iIn  ispectrums,  ithere  iis  ia  ipeak  iclose  

ito  ishaft  irotational  ifrequency  iat  i49.375  iHz.  iThe  iestimated  ishaft  irotational  ifrequency  iis  i48  iHz.  iIt  iis  iobserved   

ithat  ithe  ivibration  iamplitude  iincreases  ifor  i1X  iwith  ithe  iincrease  iof  ithe  ishaft  irunning  ispeed.  iVibration  iamplitude  

ihas  iincreased  isignificantly. 

 

Figure  i3  iSpectrum  iof  ihealthy  ibearing  iwith  i20  ikg  iload  iat  i2880  irpm 

  i  i  i  i  iThese  ivibrations  iare  icaused  iby  iunbalancing  ithat  ioccurs  iat  ia  ifrequency  iequal  ito  i1  ix  iRPM  iof  ithe  

iunbalanced  icomponent  ialso  ivibration  iamplitude  iis  iproportional  ito  ithe  iamount  iof  iunbalance  ipresent.  iThe  

ifrequency  ispectrum  iof  ithe  ivibration  isignals  iwith  iFFT  ianalyzer  ifrom  ithe  iinner  irace  idefect  ibearing,  iIt  ishows  

ipeaks  iat  i47.5  iHz  iand  i210  iHz.  iAmongst  ithem  ifirst  ione  iis  ishaft  irotational  ifrequency  i(FR1)  i&  ithe  isecond  ione  iis   

iinner  irace  idefect  ifrequency  i(BPFi).  iThe  idifference  ibetween  iestimated  iinner  irace  idefect  ifrequency  i&   

iexperimental  iinner  irace  idefect  ifrequency  iis  ionly  i6.09  iHz  isince  ithe  imeasured  ibearing  idefects  ifrequencies   

inormally  ideviate  ifrom  ithe  icalculated  iones,  iand  ithis  ideviation  ican  ireach  iseveral  ihertz  iin  isome  icases.  iThe  

iMATLAB  ioutput  iof  ithe  isame  idefect  ishows  ithis  idefect  ifrequency  i(BPFi)  iat  i228  iHz,  iwhich  ivaries  iby  i11.91  iHz  

ifrom  itheoretical  iand  iby  ionly  i18  iHz  ifrom  imeasured  ione.  iThis  ioutput  iin  ithe  ifrequency  idomain  iis  ishown  iin  

iFigure  i4  iand  iits  irespective  ispectrum  iin  iFigure  i6. 
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Figure  i4  iSpectrum  iof  ibearing  iwith  iinner  irace  idefect  iwith  i20  ikg  iload  iat  i2880  irpm 

 

Figure  i5  iTime-domain  iMATLAB  ioutput  iof  ibearing  iwith  iinner  irace  idefect  iwith  i20  ikg  iload  iat  i2880  irpm 

 

Figure  i6  iSpectrum  iof  iMATLAB  ioutput  iof  ibearing  iwith  iinner  irace  idefect  iwith  i20  ikg  iload  iat  i2880  irpm 

  i  i  i  iThe  ispectrum  iof  ithe  ivibration  isignals  ifrom  ithe  iouter  irace  idefect  ibearing  iat  ispeed   i2880  irpm  iis  ishown  iin   

iFigure  i6.  iIt  ishows  ipeaks  iat  i49.375  iHz  iand  i120  iHz.  iAmongst  ithem  ifirst  ione  iis  ishaft  irotational  ifrequency  i(FR1)  

i&  ithe  isecond  ione  iis  iouter  irace  idefect  ifrequency  i(BPFo).  iThere  iis  ia  idifference  i0.10  iHz  ibetween  iestimated  i&  

iexperimental  ifor  iouter  irace  idefect  ifrequency.  iThe  iMATLAB  ioutput  iof  ithe  isame  idefect  ishows  ithis  idefect   

ifrequency  i(BPFo)  iat  i108  iHz,  iwhich  ivaries  iby  i1.90  iHz  ifrom  itheoretical  iand  iby  ionly  i12  iHz  ifrom  imeasured   

ione.  iThis  ioutput  iin  ithe  itime  idomain  iis  ishown  iin  iFigure  i8  iand  iits  irespective  ispectrum  iin  iFigure  i9. 
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Figure  i7  iSpectrum  iof  ibearing  iwith  iouter  irace  idefect  iwith  i20  ikg  iload  iat  i2880  irpm 

 

Figure  i8  iTime-domain  iMATLAB  ioutput  iof  ibearing  iwith  iouter  irace  idefect  iwith  i20  ikg  iload  iat  i2880  irpm 

 

Figure  i9  iSpectrum  iof  iMATLAB  ioutput  iof  ithe  iouter 
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Figure  i9  iLoad  ieffect  ion  ivibration  iamplitude  ifor  ithe  ibearing  iwith  iinner  irace  idefect  i&  ibearing  iwith  iouter  irace  I    

defect 

  i  i  i  i  iThe  iagreement  ibetween  ithe  icalculated  ifrequencies  iand  ithose  iobtained  ifrom  ithe  iFFT  ianalyzer  iis  iquite  

iexcellent.  iIt  iis  iseen  ithat  ithere  iis  ia  idecrease  iin  ithe  ivibration  iamplitude  iwhen  ithe  iload  ion  ithe  ibearing  iis  

iincreased  iunder  iconstant  ispeed  ias  ishown  iin  iFigure  i9.  iThe  ivariation  iin  iamplitude  ihas  ithe  isame  itrend  iin  iboth  

icases  i(i.e.  ibearing  iwith  iinner  irace  idefect  iand  ibearing  iwith  iouter  irace  idefect).  iThe  ivibration  iamplitude  

idecreases  ito  i170.12  imm/s2
  ifor  ia  imaximum  iload  iof  i20  ikg  ifor  ibearing  iwith  iinner  irace  idefect.  iHowever,  ithe  

ivibration  iamplitude  idecreases  ito  i221.9  imm/s2
  ifor  ibearing  iwith  iouter  irace  idefect  iat  ia  imaximum  iload  iof  i20  ikg.   

iThe  istudy  ipredicts  ithe  iamplitude  iof  ivibration  idue  ito  iouter  irace  idefect  ito  ibe  imuch  ihigher  ias  icompared  ito  ithose  

idue  ito  iinner  irace  idefect  irace  ifault  ibearing. 

 

4.  iCONCLUSION 

  i  i  i  iThrough  ithe  iexperimental  iresults,  iit  ican  ibe  iseen  ithat  ithe  icalculated  iinner  irace  iand  iouter  irace  ifrequencies  iof  

ithe  ibearings  iat  ioperational  ispeeds  iof  i2880rpm,  iwith  ia  iconstant  iload,  iis  iapplied  iare  i228.25  iHz,  i108  iHz,  iif  iwe  

icompare  ithese  iresult  iwith  iMATLAB  iresults  ithere  iis  ia  ivery  ismall  ideviation  iin  iresults.  iAs  iper  iexperimental   

iresults,  iit  iwas  iobserved  ithat  ipeaks  iwere  igenerated  iat  ithe  icharacteristic  ifrequencies.  iIt  iis  ibeen  iobserved  ithat  

ifrom  ithe  iacquired  igraphs  ithere  iis  ian  iincrease  iin  iamplitude  ias  ithe  idefect  isize  ilevel  iincreases.  iConsidering  iall   

ithe  iresults  iand  ianalysis,  ithe  ithesis  ireveals  ithat  ithe  idefect  iin  iball  ibearing  iexists  iat  ithe  iinner  irace  iand  iouter  irace  

iof  ia  ifaulty  ibearing.  iAlso,  iit  iwas  iproved  ithat  ifaulty  ifrequencies  iobtained  ithrough  ithe  ivibration  ianalysis  iare  

isimilar  ito  ifaulty  ifrequencies  iobtained  ithrough  iMATLAB  iprogramming.  iAn  ialgorithm  iwas  igenerated  ito  ifind  ithe  

ifaulty  ifrequencies.  iLooking  iat  iall  ithe  iresults  iand  ianalysis,  iall  ithe  iobjectives  ilike  ito  idiscover  igraphical  ianalysis  

iby  iusing  inv  igate  isoftware  iand  iinvestigate  ibearing  ivibrations  iwhich  ioccur  iat  icertain  ipeak  ifrequencies  iand  

idesigning  ian  ialgorithm  ithat  ihelps  iin  idetecting  ithe  ifaulty  ifrequencies  iby  iputting  iall  ithe  iparameters  iwere  iproved.   

iFurther  iat  idifferent  iload  itest  iand  iconstant  ispeed  ianalysis  iis  idone  ion  iFFT  iit  ishows  ithat  ias  iload  iincreases  ithere  

iare  imore  ipeaks  ioccur  iat  ihigh  ifrequencies  igenerated.  iwere  itaken  iHence  ithe  ithesis  iconcludes  ithat  ithe  ivibrating  

isignals  icreated  ion  ithe  iinner  irace  iand  iouter  irace  iof  ithe  ibearing  iare  ianalyzed  ievaluated  iand  isimulated   

irespectively  ithus  ifulfilling  ithe  iaim. 
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