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ABSTRACT  

Control and Fault progression of a three  Induction Motor  

By 

Syed Nazim Hussain  

 

Ow ing  to  the i r  ex tens ive  use  and  w aste  presence  in  d i f ferent  procedures  

and  processes ,  induct ion  machines  are  r igh t ly  ca l l ed  as  the  w ork  horses  

o f  the  indus try .  Adequate  and  t imely  main tenance ,  f a ul t  f inding  and 

repa ir  of  these  mach ines  i s  a  mandatory  requ irement  f or  e f f i c i ent  

w orking .  In  l i t erature ,  ex tens ive  work  has  been  presented  exp lor ing 

induct ion  machine faul t s  thei r  symptoms  and remedies .  Broken  ro tor  

bar  i s  one  of  the  h igh ly  inves t iga ted .  Due  to  the  complex i ty  involved  in  

observ ing th i s  f au l t ,  indirect  methods  to  detec t  i t s  presence  are  

employed .  S imulat ion  i s  a  modern too l  to  analyze  mach ines  under 

d i f f erent  operat ing  cond i t ions .  However ,  in  case  of  a  f au l ty  mach ine ,  

model  becomes  d i f f eren t  as  compares  to  the  normal  mode .  A three  phase  

induct ion  machine  model  i s  presented  hav ing  broken  ro tor  bars .  

Moreover ,  comparat ive  ana lys i s  i s  performed  betw een  f aul ty  and 

heal thy  case .  An easy  to  comprehend model  of  an  induct ion  motor in  

abc  f rame i s  de scribed  to  unders tand  the  parametr i c  change of  a  faul ty  

model  of  an  induct ion  motor .  The  implementat ion  of  both  hea l thy  and 

f aul ty  model  i s  done  us ing  Matlab/S imul ink sof tware .  F irs t ,  the  heal thy  

motor  i s  s imulated  and  then  the  resul t s  of  f aul ty  motor  are  compared 

wi th  the  hea l thy  motor  to  unders tand  the  change  in  response  of  f au l ty  
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and  hea l thy  motor.  Cons iderat ion  i s  on  broken  ro tor  bar  faul t  but  o ther  

f aul t s  l ike  bearing  f au l t ,  phase  imbalance  and mechanica l  f au l ts  can  

a l so  occur  because  o f  broken  ro tor  b ar .  As  the  motor  i s  the  backbone  of  

the  process  of  an  indus try  a  short  t ime  shut  down of  a  p lant  i s  avoided,  

the  method  proposed  can  be  he lpfu l  in  unders tanding the  current  and 

f requency  response  o f  an  induct ion  motor  w hich  can be  use  to  avo id  

breakdown ma intenance .  A  three  phase  motor  i s  examined  in  an  

exper imental  s e tup  w i th  load  and  no  load  cond i t ions  so  that  model ’ s  

responses  cou ld  be  va l idate .  Broken ro tor  bar  in  hardw are  i s  done  by 

dr i l l ing   o f  bars  so  that  d i f f erent  numbers  of  broken  bar  cou ld  be 

analyze .  A  pat tern  observed  in  model  can  be  v i sual i ze  and  can  be  used  

as  a  comparat ive  technique  to  f ind  the  number  of  broken  ro tor  bar 

broken.  
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CHAPTER 1.  INTRODUCTION  

 

In  an  indus t r y,  i nduc t ion  moto r  i s  cons idered  as  t he  backbone  as  i t  i s  t he  

p r ime mover  o f  an  indus t r i a l  p rocess .  These  moto rs  a re  genera l ly re l i ab l e .  

But  manufactu r ing  and  ins t a l l a t ion ,  heav y load  paramete r s  and  

env i ronmenta l  f ac to r s  somet imes  l ead  to  in t e rnal  f au l t  occur rence .  These  

fau l t s  occur red  in  s t a to r ,  bea r ing ,  accesso r i es  and  in  ro to r .  Bear ing  and  

accesso r i es  f au l t s  a re  o f t en  and  can  be  reso lved  wi thou t  a f fec t ing  the  

p roduct ion ,  as  t hey a re  l e s s  t ime  consuming  and  can  be  main t a ined  on  the  

work ing  f loo r  a t  p lan t .  Fau l t s  l i ke  s t a to r  co re  o r  winding ,  ro to r  b reakage ,  

damage  l aminat ion  o r  a i r  gap  eccent r i c i t y a re  t ime  consuming  faul t s  as  

main t enance engineer  has  t o  remove  the  moto r  f rom the  f ie ld  and  f ix  i t  on  

the  working   t ab l e  i n  t he  l ab ,  a s  i t  need  speci a l  ca re  and  too ls .  If  t he re  

i sn ’ t  a  s t and  b y moto r ,  p roduct ion  has  t o  su f fe r  wh ich  i s  a  l os s  and  can  

l ead  to  heav y los s  in  case  o f  l a rge  scale  p roduc t ion .  

DC moto r  d r ives  wi th  an  advantage  o f  s imple  con t ro l  s cenar io  were  

in t roduced  ea r l i e r .  The  d rawbacks  of  DC moto rs  were  known,  bu t  the  

p re fe rence  o f  thes e  moto r  appreci a t ed  in  most  appl i ca t ions .  Al though ,  AC 

moto rs  were  ex i s t ed  bu t  cons idered  in  open  loop  opera t ions  onl y a t  t ha t  

t ime .  The  d iscovery o f  i nver t e r  t echno log y d iver t ed  the  s i t ua t ion  in  favor  

o f  AC moto r .  The  fea tu re  l ike  re l i ab i l i t y,  ruggedness  and  long t e rm cos t  

e f fec t iveness  compel l ed  the  p l an t  des igner  t o  choose  AC moto rs  over  DC.  

As  the  usage  i s  d i rec t l y p ropor t ional  to  f au l t  occur rence .AC induc t ion  



2 

 

motor  occur red  fau l t s  wh ich  d iver t ed  the  concen t ra t ion  o f  eng ineers  and  

resea rchers  t o  look  in to  these  fau l t s .  A huge  dat abase  o f  resea rch  l i t e ra tu re  

i s  ded icat ed  to  these  fau l t s  and  inc reas ing  e f fo r t s  a re  be ing  made  day b y 

day.  

Ear l i e r  men t ioned  fau l t s  a re  po tent i a l  hazards  t o  t he  opera t iona l  s a fe t y and  

can  a f fec t  t he  opera t iona l  cos t  o f  the  s ys t e m.  Broken  ro to r  ba r  i s  o f t en  in  

an  indus t r i a l  s e tup .  The  causes  o f  t hese  fau l t s  a re  desc r ibed  above.  

Al though ,  t hese  fau l t s  a ren ’ t  i n i t i a l l y  causes  moto r  f a i lure  bu t  can  a f fec t  

t he  e f f i c i ency b y l ower ing  i t  and  can  shor t en  the  l i f e  o f  an  AC induc t ion  

moto r .  Machine  breakdown may occur red  even tua l l y  i f  i n su l a t ion  or  

winding  damages .  Moto r  opera t ing  wi th  b roken ro to r  ba r  causes  spark ing  

which  i s  a  f a t a l  hazard  in  pet ro l eum,  mining  o r  pe t rochemical  indus t ry as  

f l ammable  gases  a re  p resent  i n  such  opera t ions .     

P revent ive  measures  shou ld  be  adopted  to  avo id  such  fau l t s  a s  a  v i t a l  

pa ramete r .  P redic t ing  such  fau l t s  i s  des i r ing  by the  main t enance  t eam as  

i t ’ s   no t  onl y he lp fu l  in  r educing  opera t iona l  cos t  bu t  a l lows  schedul ing  of  

maintenance  p rovi s ional ly as  we l l ,  wh ich  in  resu l t  minimize  the  down t ime.  

A  vas t  r esea rch  i s  s tudied  in  condi t i on  moni to r ing  and  fau l t  d i agnos i s  o f  an  

induc t ion  moto r .  However ,  the  key fea tu re  i s  d i agnos ing  the  fau l t  o f  an  AC 

induc t ion  moto r  by moni to r ing  the  opera t iona l  pa ramete rs  o f  mach ine .  By 

moni to r ing  the  condi t i on ,  t he  evalua t ion  i s  cont inuous l y pe r fo rmed 

th roughou t  t he  serv ing  l i f e  o f  an  AC induct ion  moto r .  A  complet e  

d i agnos ing  cyc l e  o f  condi t i on  moni to r ing  compromises  o f  fo l lowing  t asks .  
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1-  Transduc t ion  

2 -  Data  acqui s i t i on ing    

3 -  Signa l  p rocess ing   

4 -  Faul t  d i agnos ing  

Measur ing  and  anal yz ing  method  may d i f fe r  a s  pe r  t he  t ype  o f  f au l t  .  

Whereas ,  e l ec t r i ca l  quant i t i es  a re  mos t  appropr i a t e  measur ing  paramete r .  

Moto r  cu r rent ,  vo l tage  and  l eakage  f lux  a re  t he  most  usua l ly i nves t iga t ed  

paramete rs  i n  cond i t i on  moni to r ing  and  fau l t  d i agnos is .  The  p resented  

work  i s  to  i nves t igat e  and  ana lyz e  moto r ’ s  s t a to r  cu r ren t  and  i t s  

rep resenta t ion  wi th  va r ying  number  o f  b roken  ro to r  ba r .  The  speed  to rque 

cu rve  i s  i nc luded  as  we l l ,  to  v i sua l iz e  t he  change  in  speed  and  to rque  o f  ,  

an  AC induc t ion  moto r  wi th  va r ying  number  o f  b roken  ro to r  ba r .  There  a re  

severa l  o the r  methods  l ike  t empera tu re  o f  co re  and  l eve l  o f  bear ing  

v ib ra t ion  adopted  to  d i agnose  o ther  f au l t  cond i t ions  l i ke  de fect  i n  

i n su l a t ion ,  pa r t i a l  d i scharge ,  bea r ing  degrada t ion  and  o ther  s co re  

t emperatu re  o r  bear ing  v ib ra t ion .   

 

1.1 Importance of Current Signature Analysis for Fault 

Finding  

Faul t  d i agnos i s  and  condi t i on  moni to r ing  o f  an  induct ion  moto r  a re  o f  

p r ime  impor t ance  to  i den t i f y a  spec i f ic  f au l t  and  to  i dent i f y an  au thent i c  

approach  to  ob ta in  a  p rac t i ca l  onl ine  sys t em.  Researchers  have  found  that  

motor ’ s  s t a to r  cu r ren t  dep ic t s  overa l l  condi t i on  o f  an  induc t ion  moto r  by 
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mean  o f  f requency component  i n  cu rren t  s igna ture .  Thus ,  i nves t igat ing  

s t a to r ’ s  cu r r ent  spec t rum,  fau l t  d i agnos i s   can  be  accompl i shed[ 1] .  Motor  

Cur rent  S igna tu re  Ana l ys i s  (MCSA)  i s  an  e f fec t ive  approach  to  mon i to r  

motor ’ s  condi t i on  and  fau l t ,  adopted  wide ly in  t he  end  o f  20 t h  cen tu r y.  

A  MCSA s ys t em i s  cons is t  o f  cu r ren t  l ead ,  a  s ignal  p r ocess ing  s ys t em and 

an  a lgo r i thm o f  f au l t  de t ec t ion .  A  MCSA s ys t em fo r  det ec t ion  o f  b roken 

ro to r  ba r  i s  i l l us t ra t ed  in  f i gu re  1 .1  

 

 

Fig  1 .1  A  typical  f low chart  of  MCSA system f or  broken ro tor  bar 

d iagnos i s .  

 

A Cur rent  Trans former (CT)   i s  u sed  to  measure  the  s t a to r  cu r rent  of  

motor ’ s  s t a to r .  The s igna l  i s  t hen  p rocessed  fo r  spec t ra l  ana l ys i s .  In  s ignal  

process ing  s ys t em s igna l  i s  pas sed  through  low pass  f i l t e r  t hen  ana log  to  

d ig i t a l  (A/D)  convers ion  i s  app l i ed   and  t r ans fo rmed  in to  f requency 

domain .  At  the  end  o f  t he  p rocedure  f requency components  can  be  v i sual iz e  

e i t he r  manual ly o f  us ing  pat t e rn  recogni t i on  t echnique,  f au l t  de t ec t ion  

cou ld  be  done.  

There  a re  severa l  mer i t s  o f  MCSA s ys t em,  some o f  t hem are  
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1-  An onl ine  approach  i s  des i rab l e  as  i t  doesn ’ t  i n t e r rup t  t he  p roduct ion  

o f  an  indus t r y  

2 -  Applying  CT fo r  the  measuremen t  o f  cu r ren t  i n  i naccess ib l e  loca t ion  

o r  hazardous  env i ronment  i n  the  p l an t  a rea  i s  demanding ,  as  i t  need  

to  be  done  a t  t he  t ime  o f  p l an t  i n s t a l l a t i on  and  not  needed  in  rou t ine  

wh ich  i s  a  man dato r y schedu le  t o  keep  the  sys t em in  work ing  

cond i t i on ,  by the  main t enance  t eam.  

3 -  Ph ys ica l  Impa i rmen t  o f  moto r  i s  no t  fu r the r  r equi red ,  a s  i t ’ s  a  non -

i n t rus ive  t echnique   

Researchers  have  ded icat ed  thei r  e f fo r t s  r ecent  year s  t o  t he  Induc t ion  

Motor ’ s  b roken  ro to r  ba r  f au l t [ 2] [3] .  I t  can  be  done us ing  MCSA s ys t em.  

The  thes i s  covers  de t ec t ion ,  mode l ing ,  impac ts  and  causes  o f  a  b roken 

ro to r  ba r  i n  an  Ind uc t ion  Moto r .  The  model  i s  d ynamic  and  can  be  used  to  

v i sua l iz e  the  model  o f  d i f fe rent  r a t i ng .  

 

1.2 Motivation  

The  symptoms o f  broken  ro to r  ba r  o f  an  Induc t ion  Moto r  fo r  the  pu rpose  o f  

d i agnos i s  i s  the  p resence  o f  f r equency component  on  e i the r  s ide  o f  the  

fundamenta l  f r equency [ 4 ] .  Refe r red  to  as  ro to r  ba r ’s  s ide  band  f requency.  

The  componen t s  s ideband  f requency  a re  c lose  usual l y,  t o  t he  fundamenta l  

f r equency and  smal l  ampl i tude  re l a t i ve l y.  A  f requency s e l ec t ion  t echn ique 

i s  d i f f i cu l t  because  o f  l ow s igna l  to  noi se  ra t io .     
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A c lass i ca l  t echn ique  to  ana lyze  spec t rum is  Disc re t e  Four i e r  Trans fo rm 

(DFT) .  A  fas t  a lg or i thm o f  computat ion  i s  Fas t  Four i e r  Trans fo rm (FFT) ,  

has  adopted  in  implemen t ing  o f  MCSA[ 5] [6] .  However ,  t he re  a re  

l imi t a t ions  in  i t s  app l i ca t ion ,  such  as  s ide  lobe  l eakage  impact s  and  

f requency reso lu t ion  l imi t a t ion .  S ideband  f requencies  o f  b roken  ro to r  ba r  

moves  wi th  the  ro to r  speed  var i a t ion ,  l oad  condi t i on  o f  moto r  i s  i n f luent ia l  

a s  we l l .  In  t he  cond i t ion  o f  l i gh t  l oad ,  s ideband  f requency may become 

ver y c lose  to  fundamenta l  f r equency.  The  moto r ’ s  l oad  condi t i on  a re  

d ynamic  usual ly,  w h ich  var i an t s  f r e quency componen t  cur ren t  s igna l .  Such  

fac to r s ,  i n  r esu l t  make  the  da t a  windows en la rgemen t  qu i t e  d i f f i cu l t  o r  

c lose  to  imposs ib l e .  Thus ,  i n  most  l i t e ra tu re  repor t ed  the  mach ine’s  l oad  i s  

kep t  f ix  usual ly a t  fu l l  l oad  in  MCSA s ys t em,  i n  DFT o f  s igna l  p roces s ing  

s ys t em.  

The  v isua l  fo r  t he  cu r ren t  anal ys i s  and /o r  speed - to rque  i s  e i the r  a  s t ronger  

t ool s  e i t he r  to  dec ide  manual l y b y an  exper i enced  main t enance  per sonne l ,  

o r  t he  pa t t e rn  recogni t i on  t echnique i s  a  power fu l  t oo l  t o  anal yze  the  

fau l t ’s  s ever i t y and  t ype .   

A  model  i s  bu i l t  i n  s imul ink  us ing  tool s  and  t echniques  to  implemen t  and  

s imulat e  t he  opera t ion  o f  an  Induc t ion  Moto r  wi th  b roken  ro to r  ba r .  The 

fac to r  mot ivat ed  to  s imulat e  i s  t he  s imple  ye t  s t rong  approach  to  implemen t  

d i f fe rent  number  of  b roken  ro to r  ba r  and  varying  load  condi t i ons ,  as  wel l  

a s  econo   mical  f ac to r s  a re  a l so  mot iva t ing .  The  val id i ty  o f  such  read ings  

can  be  conf i rmed v ia  exper imenta l  r esu l t s  o f  r ea l  moto r .  



7 

 

1.3 Synopsis of thesis   

The  resea rch  i s  to  addres s  t he  h ypo thes i s  t ha t  b roken  ro to r  ba r  can  be  

de t ec t ed  v i a  spec t rum of  s t a to r  cu r rent ,  a  mode l  o f  an  Induc t ion  Moto r  wi th  

b roken ro to r  ba r  can  be  mode led  and  s imula t ion  can  be  pe r fo rmed  as  per  

t he   e f fec t s  o f  s t a to r  cu r rent .  There  are  un ique  and  s t rong  t echn iques  to  

v i sua l iz e  t he  fau l t s  i n  an  Induc t ion  Moto r .  Whi l e  fo rmulat ing  the  

inves t iga t ion  p l an  fo r  h ypo thes i s ,  some ques t ions  a r i s e  and  wi l l  be  

answered  in  t he  thes i s .  

The  indica to r s  o f  b roken  ro to r  ba r ’s  s t a to r  cu r rent   w i l l  be  i nves t iga t ed .  

The  desc r ip t ion  o f  b roken  ro to r  ba r  f au l t  i n  t he  model  wi l l  be  pe r fo rmed .  

The  t r ad i t i ona l  methods  and  thei r  l imi t a t ions  wi l l  be  d i scussed .  

Improvement  i n  c las s i ca l  t echniques  wi l l  be  en l igh tened .  The  e f fec t  on  

per fo rmance  and  fac to r s  e f fec t ing  the  pe r fo rmance  wi l l  be  covered  in  the  

thes i s .   

1.4 Thesis organization  

The  thes i s  i s  o rganized  in  6  chap te rs .  Chapte r  1  i s  a  b r ie f  i n t roduct ion  to  

b roken ro to r  ba r  f au l t s  and  mot ivat ion  

In  chap te r  2  an  in t roduct ion  to  t he  induc t ion  moto r  wi l l  be  g iven  and  the  

l i t e ra tu re  rev i ew i s  i nc luded  wi th  ex i s t ed  work ,  chapte r  3  cons is t  o f  

i nduc t ion  moto rs  model ,  chap te r  4covers  the  in t roduc t ion  to  b roken  ro to r  

ba r  and  i t s  app l i ca t ion  in  mode l .  The  model  can  be  used  to  s tudy impac t s  o f  

b roken  ro to r  ba r  i n  an  Induc t ion  Motor  and  to  i dent i fy t he  d i f fe rent  f au l t s  

a s  pe r  p rocess  need .  The  b roken  ro to r  ba r  i s  implemen ted  in  chap te r  5  
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us ing  s imula t ion  techn iques ,  based  on  v isual  o f  d i f fe ren t  dat a  se t s .  t he  

resu l t s  and  thei r  i dent i f i ca t ion  i s  pe r fo rmed  and  l as t l y t he  thes i s  i s  

conc luded  in  chapter  6 .  
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CHAPTER 2 .  Literature Review  

 

Th is  chapte r  desc r ibes  bas i c ,  phys i ca l  phenomena  re l a t ed  to  induct ion  

motor  and  i t ’ s  f au l t .  Moreover ,  exp lanat ion  o f  phys i ca l  phenomena  o f  

i nduc t ion  moto r  wi th  b roken  ro to r  ba rs  i s  i nc luded .   

 

2.1 Induction Motors   

Induc t ion  moto rs  re fe r red  as  “working  horse”  a re  e lec t ro -mechan ical  

dev ices  used  ex tens ivel y in  i ndus t r i a l  p rocesses  wor ldwide ,  i n  convers ion  

o f  e l ec t r i ca l  energy in to  mechan ica l  energ y.  Induc t ion  moto rs  a re  widel y 

used  because  o f  t he i r  robus tness ,  eas y ins t a l l a t i on ,  con t r o l l ing ,  and  

adap tabi l i t y i n  many indus t r i a l  app l i ca t ions  such  as  pumps ,  conveyer  be l t s ,  

ba l l -mi l l s ,  f ans ,  a i r  compresso rs ,  mach ine  tool s  and  man y o ther  

app l i ca t ions .  The  suppl y o f  an  induc t ion  moto r  i s  may be  d i rec t  f rom a  

cons t an t  f r equency which  i s  s inus o ida l  power  supp l y o r  may be  b y an  ac  

va r i ab l e  f requency d r ive .  There  a re  man y t ypes  and  app l i ca t ionsof  an  

induc t ion  e l ec t r i c    l a rge  range  o f  t ypes  and  app l i ca t ions  o f  e l ec t r i c  

moto rs ,  the  focus  of  t h i s  d i scuss ion  wi l l  be  on  those  s tudied  in  th i s  thes i s .  

In  o the r  words ,  the  focus  i s  on  the  th ree -phase  squi r re l  cage  induct ion  

moto r ,  which  i s  a  t ype  o f  as ynchronous  moto r .  As  i s  common in  t he  

l i t e ra tu re ,  a  t h ree -phase  squi r re l  cage  induct ion  moto r  i s  r e fe r red  to  as  an  

induc t ion  moto r  th roughout  th i s  t hes i s  
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2.1 .1  Components  

An induct ion  motor  has  severa l  pa r t s  bu t  i t  i s  es sent i a l l y composed  o f  a  

squi r re l  cage  ro to r  and  a  wound  s t a to r  [ 7] .  

The  ro to r  i s  cons i s t  a  squi r re l  cage  o r  wound  ro to r ,  a  shaf t ,  and  a  

l amina t ion  s t ack  as  shown in  F ig .  The  main  par t  o f  t he  ro to r  in  an  

induc t ion  moto r  i s  t he  squi r re l  cage ,  wh ich  i s  composed  o f  two  end  r ings  

and  bars .  The  ro to r  ba r s  wh ich  a re  conduc t ive  a re  shor t -c i rcu i t ed  on  both  

s ides  by the  end  r ings .  The  e l ec t r i c  cu r ren t  c i rcu l a t es  f rom one  s ide  to  

o the r  s ide  o f  the  squ i r r e l  cage  ro to r .  The  bars  a re  enve loped  b y i ron  co re  

l amina t ion ,  which  concen t ra t es  the  magne t i c  f l ux  f rom the  s t a to r  i n  t he  

ro to r .  Th is  l amina t ion  mechan ical l y suppor t s  the  ro to r  shaf t  as  wel l .  On 

bo th  s ides  o f  t he  ro to r  shaf t  the re  a re  bear ings  wh ich  a l low  the  ro to r  to  

sp in  in s ide  the  s t a to r  f r ee ly.   

 

Fig .2 .1  Cutaw ay  View  of  Squ irrel  Cage  Rotor  
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The  s t a to r  i s  cons i s t  th ree  pa r t s :   

f r ame ,  l amina t ion  co re  and  wind ings .  The  f rame  p rov ides  mechan ical  

suppor t  to  the  s t a tor  and  the  ro to r  shaf t  bea r ings .  

 The  win dings  a re  compri sed  o f  th ree  d i s t r i bu ted  co i l s  a long  the  s t a to r  co re  

l amina t ion  which  a re  connected  to  t h ree -phase  power  suppl y.  

 

Fig .2 .2  2 -Po le  S ta tor  Wind ing  

 The  s t a to r  i s  connec ted  to  t he  power  suppl y.  I t  wou ld  be  desc r ibed  l a t e r  in  

t h i s  chap te r  t ha t  the re  i s  space  be tween  s t a to r  and  ro to r  wh ich  i s  known as  

t he  a i r  gap .  l amina t ions  a re  s t acked  together  to  fo rm a  ho l low cyl inder .  

Coi l s  o f  wi re  wh ich  a re  i nsu la t ed ,  a re  in se r t ed  in to  s lo t s  of  t he  co re .  
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Fig .2 .3  Sta tor  Wind ing Part ia l ly  Completed  

Bear ing  a re  moun ted  on  the  shaf t  which  suppor t s  t he  ro tor  and  a l low  i t  t o  

t u rn  .  Shown below i s  a  moto r ’s  cu t away v i ew.  I t  i s  mounted  wi th  a  f an  on  

the  ro to r ’s  shaf t  to  coo l  down the  motor  when  ro t a t ing .  

 



13 

 

 

Fig .2 .4  Cutaw ay  View  of  an  Induct ion  Motor  

 

2.1 .2  Comparison of  Induction Motors  

There  a re  man y t ypes  and  appl i ca t ions  o f  an  e l ec t r i c  moto r .  The  focus  o f  

t h i s  d i scuss ion  i s  on  those  s tudied  in  t he  thes i s .  The  focus  i s  on  the  3 -

Phase  squ i r re l  cage  induc t ion  moto r ,  wh ich  i s  an  as ynchronous  motor .  

AC mach ines  a re  o f  va r ious  t ypes  and  i t s  depend on  the i r  s t ruc tu re  and  

p r incip l e  o f  opera t ion .  The  s ynchronous  mach ine  has  a  d i s t ingui shed  

fea tu re  wh ich  d i f fe r s  them f rom asynchronous  as  t he i r  ro to r  f i e ld  i s  

p roduced  by a  separa t e l y exc i t ed  source .  In  s ynchronous  machines ,  t he  

ro to r ’s  movement  i s  s ynchron ized  wi th  the  s t a to r  because  the  f l ux  o f  ro to r  

t end  to  a l i gns  i t s e l f  wi th  s t a to r  f i e ld .  The  winding  and  ro to r  s t ruc tu re  o f  an  
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Induc t ion  Moto r  can  be  v i ewed  in  F igure  wh ich  shows  the  s t a to r  winding  

and  ro to r  s t ruc tu re  o f  an  Induc t ion  Moto r  

There  a re  man y advan tages  assoc ia t ed  wi th  an  Ind uc t ion  Moto r  as  

compared  to  o the r  e l ec t r i c  moto rs .  The  independency o f  b rushes  as  i n  DC 

moto r ,  makes  an / induct ion  Moto r  qu i t e  robus t  t o  work  in  ha r sh  

env i ronment ,  and  such  main t enance  i s  no t  r equi red .  AC Induc t ion  Moto r  i s  

l e s s  expens ive  than  tha t  o f  o the r  t ypes  o f  e l ec t r i c  moto r ,  ma in l y because  i t  

don’ t  need  an y pe rmanent  magne t .  These  magne ts  as soc i a t ed  in  e l ec t r ic  

motor  a re  a l so  suscep t ib l e  to  h igh  va lue  o f  t empera tu re  and  the re fo re  make  

permanent  magne t  dependent  motors  l e ss  robus t  in  ha r sh  the rmal  

env i ronment  and  cond i t ions .  Ano ther  drawback  i s  t ha t  inab i l i t y t o  access  o r  

con t ro l  ro to r  f l ux  as  i t s  depends  on  permanent  magne t .  These  p rob lems 

wi th  the i r  a f fec t s  make  the  choice  eas ie r  fo r  main t enance  eng ineer  as  t hese  

pa ramete rs  a re  r equ i red  in  s i tua t ions  l i ke  improv ing  e f f ic i ency and  power  

fac to r .  

Desp i t e  o f  such  se r ious  advantages  there  a re  some d i sadvan tages  as soci a t ed  

wi th  Induc t ion  Mach ine .  The  ex i s t ence  o f  ro to r  winding  in  wound  ro tor  

makes  Induc t ion  Moto r  sens i t ive  to  ro to r  e l ec t r i ca l  l os ses  which  e f fec t s  

and  degrade  the  improvement  i n  e f f i c iency o f  t hese  motors .  Due  to  ro to r  

winding ,  t hese  moto rs  r equ i re  l a rge  space  fo r  d i s s ipat ion  o f  hea t .  On  the  

o ther  hand ,  th i s  r esu l t s  i n  r educed  s iz e  o f  motor .  In  p e rmanent  magnet  

motors  t he  s t a to r  cu r rent  doesn ’ t  need  to  p roduce  ro to r  f lux  as  t he  

permanent  magne ts  used  in  p l ace  o f  ro to r  wind ing  o r  ba r s .  Th i s  p roduces  a  
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comple t e  u t i l i z a t ion  o f  s t a to r  cu r ren t  fo r  t he  p roduc t ion  o f  to rque.  

Fur the rmore ,  t he  s inuso ida l  d i s t r ibut ion  o f  wind ing  p roduce  to rque  and  

cu r ren t  r i pp les .  

 

2.1 .3  Area of  application  

 Induc t ion  moto rs  a re  most  widel y u sed  in  i ndus t r i a l  pu rposes  as  these  

moto rs  a re  rugged  and  robus t  robus t  mach ines  and  can  in  ha rsh  

env i ronment .  These  mac h ines  a re  used  no t  onl y fo r  genera l  pu rpose  but  in  

hazardous  loca t ions  and  in  severe  env i ronment s  as  wel l .  Genera l  pu rpose  

app l i ca t ions  o f  an  induc t ion  moto r  i nc lude  pumps ,  cent r i fugal  machines ,  

p res ses ,  conveyors ,  mach ine  too ls ,  e l eva to r s ,  packaging  equ ip ment  and  

o thers .  



16 

 

 

Fig .2 .5  Appl i ca t ions  of  Induct ion  Motor  

App l i ca t ions  in  hazardous  loca t ions  inc lude  pet rochemical  and  na tu ra l  gas  

p l an t s ,  whereas  severe  env i ronment  app l i ca t ion  o f  an  induct ion  moto r  

i nc lude  e l eva to r s ,  coa l  p l an t ’ s  equ ipmen t  & sh redder .  As an  induc t ion  

moto r  i s  r e l i ab l e  wi th  good  e f f i c i ency and  requ i res  l ow main tenance .  A 

h igh  marg in  o f  power ,  which  i s  i n  megawat t (MW) i s  consumed  b y induc t ion  

moto rs  which  sa t i s f i e s  t he  p roduc t ion  need  o f  p rocess  i n  an  indus t r y.  
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2.2 Induction Motor Operat ion  

The  p r inc ip l e  o f  opera t ion  o f  an  induc t ion  moto r  i s  based  on  the  

s ynchronous  ro t a t ion  o f   t he  magnet ic  f i e ld  [ 10] .  The  s t a to r  i s  cons i s t  o f  

t h ree  e l ec t r i ca l l y s h i f t ed  wind ings  b y 120 º .  Source  o f  t hree  phase  AC  i s  

connec ted  to  the  s ta to r  such  that  A1  a nd  A2 a re  connec ted  to  phase  A,  B1 

and  B2  a re  connec ted  to  phase  B  and  C1  and  C2 a re  connec ted  to  phase  C .  

t he  separa t ion  be tween  each  e l ec t r i ca l  phase  i s  120 º .  Here ,  A1 ,  B1  and  C1 

a re  a l so  120 º  apar t  a s  can  be  seen  in  t he  f i gu re  g iven  be low.  

 

Fig .2 .6  Thr ee  Phase  Di s tr ibut ion  in  Sta tor  

A th ree  phase  AC power  i s  suppl i ed  to  the  wind ings .  A  cu r ren t  I  when 

passes  t h rough  a  co i l ,  i nducing  a  magne t i c  f i e ld  i n  t he  co i l  wi th  two  poles  

(no r th  and  south ) .  The  magne t i c  f i e ld  H which  i s  genera ted  i s  p ropor t ional  

t o  t he  cu r rent  I .  The  magne t i c  f i e ld  H i s  charact e r iz ed  wi th  a  s inuso idal  
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spa t i a l  d i s t r i but ion ,  and  i t  i nver t s  pola r i t y b y 180°  in  each  per iod .  As  a  

r esu l t  o f  t hree  phase  s t a to r  cur ren t  AI ,  BI  and  CI  t h ree  magnet i c  f i e lds  AH ,  

BH  and  CH  are  genera t ed .  The  th ree  phase  wi th  a  phase  sh i f t  o f  120º  on  

s t a to r  cu r ren ts  o f  an  induct ion  moto r  genera t es  a  phase  sh i f t  o f  120º  in  

magnet i c  f i e lds .  These  magnet i c  f l uxes  a re  genera ted  th rough  the  

l amina t ion  o f  ro to r  and  s t a to r .  The  equ ival ent  sum of  t hese  magnet i c  f i e lds  

i s  the  resu l t an t  magne t i c  f i e ld ,  a t  each  t ime  ins t an t .  The  resu l t an t  magne t i c  

f i e ld ’s  ro t a t ion  i s  shown in  F ig .  

 

Fig .2 .7  Magnet i c  Fie ld  Product ion  
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At  t ime  1 ,  no  cu r ren t  f lows  th rough  the  co i l  so  t hat  no  magnet i c  f i e ld  i s  

p roduced .  At  t ime  2 ,  cu r rent  i s  f l ows  in  pos i t i ve  d i rec t ion  and  a  magne t i c  

f i e ld  bu i lds  up .  At  t ime  3 ,  cu r rent  i s  f l owing  a t  i t ’ s  peak .  At  t ime  4 ,  

cu r ren t  s t a r t s  dec reas ing  hence  magne t i c  f i e ld  s t a r t s  dec reas ing  as  we l l .  In  

t he  pos i t ive  ha l f  cyc l e  t he  sou th  pole  i s  on  the  top  and  nor th  a t  bo t tom.  At  

t ime  5 ,  no  cu r rent  f l ows  so  that  no  magne t i c  f i e ld  i s  genera t ed .  At  t ime  6 ,  

cu r ren t  i s  in  negat ive  h al f  cyc l e  and  inc reas ing  nega t ive l y.  The  nega t ive  

cyc l e  i s  fo l lowed un t i l  t ime  7  and  8 .  The  cu r rent  t hen  re tu rns  to  z e ro  and  

aga in  no  magnet i c  f i e ld  i s  p resen t .  The  negat ive  hal f  cyc l e  con ta ins  t he  

po la r i t y such  that  the  no r th  pole  i s  on  the  top  and  sou th  a t  bo t tom.  

For  an  AC source  of  50  Hz ,  t he  p rocess  repea ts  i t s e l f  50  t imes .  

Th is  genera t ed ,  ro ta t ing  magne t i c  f i e ld  i nduces  e l ec t r i ca l  cu r rent  i n  ro to r  

of  an  induc t ion  moto r   t ha t ’s  wh y we  name th i s  mach ine  an  induc t ion  

mach ine .  The  induced  cu r rent  i n  t he  r o to r  ba r s  genera t es  magnet i c  f i e ld  on  

i t  wh ich  i s  i n  oppos i t e  po la r i t y o f  t ha t  o f  s t a to r .  As  a  r esu l t ,  t he  ro to r  

wh ich  i s  movable ,  fo l lows  the  magne t i c  f i e ld  wh ich  i s  ro t a t ing  as  unl ike  

po les  a t t r ac t  each  o ther .   
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Fig .2 .8  Rotat ing  Rotor  Bar  wi th  respect  to  magnet i c  f i e ld  

The  po le  fo rmat ion ,  a s  can  be  seen  in  t he  f i gu re  above ,  t ends  to  move  the  

ro to r  360 ºwhich  i s  comple t e  r evolu t ion .  

There  i s  a  d i f fe rence  be tween the  speed  o f  ro t a t ing  magnet i c  f i e ld  i n  s t a tor  

and  ro to r  ro t a t ing  speed  as  ro to r  i s  fo l lowing  s t a to r  magne t i c  f i e ld .  Th is  

d i f fe rence  i s  r e fe r red  as  “s l i p” .  The  requ i red  to rque can  be  p roduced b y  a  

smal l  s l i p  speed   wh ich  i s  r equi red  to  p roduce  ro to r  cu r ren t  t ha t ’s  needed 

as  t he  res i s t ance  o f  ba r  o f  ro to r  i s  ve ry smal l [9] .  The  to rque  developed  i s  

p ropor t ional  t o  t he  p roduct  o f  cu r rent s  o f  ro to r  and  s t a to r .
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2.3 Induction of Motors Parameter  

2.3 .1  Current  and Voltage  

 An induc t ion  motor  i s  supp l i ed  b y a  source  o f  AC th ree -phase  in  which  the  

phase  sh i f t  be tween  phase  o f  cu r ren ts  i s  120º  o r  2π /3  (e l e c t r i ca l  r ad i ans ) .   

The  th ree  phase  cu rren t s  a re   de f ined  as [10] .   

 

cos( )

2
cos( )

3

2
cos( )

3

a m

b m

c m

i I t

i I t

i I t









 

 

 

 

Where,  

 i
a  

i s  the  cu r ren t  o f   phase  A ,  

 i
b  

i s  the  cu r ren t  o f  phase  B ,  

 i
c  

i s  t he  cu r rent  o f  phase  C ,  

 I
m  

i s  t he  peak  fundamenta l  f r equency cu r ren t  o f  each  phase  cu r rent ,  

 ω i s  t he  fundamenta l  angu la r  e l ec t r i ca l  f r equency in  ( rad /s ) ,  

 φ i s  t he  l ag  power  fac to r  ang le  i n  rad   

and  t  i s  t ime  in  second .  

 Due  to  t he  s ymmet r i c  phase - sh i f t  in  phase  cu r rent  o f  120 º  i n  the  phase  

cu r ren ts ,  t he  sum of  t h ree  phase  cu r ren t s  i s  z e ro (0 )  as  g iven .  

0a b ci i i    
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The  phase  vol t ages  a re  a l so  sh i f t ed  by 120 º  o r  2π /3  rad .  Cons ider ing ,  phase  

vo l t age ,  v
a
as  re fe rence ,  the  t h ree  phase  vol t ages  a re  de f ined  as .  

cos( )

2
cos( )

3

2 4
cos( ) cos( )

3 3

a m

b m

c m m

v V t

v V t

v V t V t






 
 



 

   

 

where ,  v
a  

i s  the  phase  vol t age  o f  phase  A ,  

 v
b  

i s  t he  phase  vol tage  o f  phase  B ,   

v
c  

i s  the  phase  vo l tage  o f  phase  C,  and  

V
m  

i s  t he  peak  fundamenta l  f r equency vo l t age  o f  t he  phase  vo l t age .  

S imi l a r  to  cu r ren t  t he  s ymmet r i c  sh i f t  o f  120º  i n  t he  phase  vo l t ages ,  t he  

sum of  t h ree  phase  vo l t ages  i s  z e r o  as  g iven  b y.  

0a b cv v v    

 

2 .3 .2  Synchronous speed,  asynchronous speed,  and 

sl ip speed  

The  magnet i c  ro t a t ing  f i e ld  speed  i s  t he  s ynchronous  speed .  For  an  

induc t ion  moto r  wi th  poles  P ,  the  s ynchronous  speed  in  r /min  i s  g iven  as  

120
syn

f
n

P


 

where ,   
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f  i s  t he  s t a to r  f r equency in  Her tz  and  

 n
s y n  

i s  the  synchronous  speed  in  r /min  

 

However ,  t he  ro t a t ion  o f  ro to r  i s  in  as ynchronous  speed ,  which ’s  s l i gh t  

s lower  t han  the  s yn chronous  speed .  Thi s  d i f fe rence  i s  ca l led  the  s l i p  speed  

as  men t ion  ea r l i e r  and  g iven  as .  

s syn asynn n n   

where ,  

 n
a s y n  

i s  the  asynchr onous  speed  in  r /min  and   

n
s  

i s  the  s l ip  speed  in  r /min .   

Moreover ,  t he  s l i p  speed  can  be  de f ined  in  pe r  uni t  s ys t em a l so ,  g iven  as  

syn asyn

pu

syn

n n
s

n




 

As  ment ione d  ea r l ie r ,  t he  synchronous  speed  o f  an  induc t ion  moto r  wh ich  

i s  connec ted  to  a  cons t an t  f r equency s inusoidal  ac  power  suppl y,  i t  depends  

on  t he  f requency and  number  o f  po les .  The  number  o f  po les  i n  an  induc t ion  

moto r  can  be  two ,  fou r ,  s ix ,  or  e igh t ,  e t c .  W hereas ,  t he  ro to r  speed  which  

i s  as ynchronous  depends  not  on ly on  the  f requency and  po les  bu t  a l so  on  

load  to rque .  As  a  r esu l t ,  a  h igh  to rque  resu l t s  in  a  h igh  s l i p  and  a  s low 

ro to r  speed .  Hence ,   an  induct ion  motor  wh ich  i s  connec ted  to  a  s inusoida l  

power  suppl y o f  cons t an t  f r equency runs  a t  one  as ynchronous  speed  and  
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provides  no  mean  o f  speed  cont ro l .  Consequen t l y,  an  induc t ion  moto r  can  

run  a t  a  cons t ant  speed ,  and  can  be  used  in  appl i ca t ions  wi th  f i xed  speed  

such  as  cons t ant  f l ow pumps ,  a i r  compresso rs ,  f ans ,  cons t ant  speed  

conveyor  be l t s ,  m ixers ,  and  d r i l l s .   

 

 2.3 .3  Torque  

Torque  i s  the  fo rce  needed  to  t u rn  a  shaf t  t imes  i t s  a rm leng th  to  the  ax is  

o f  ro t a t ion .  The  to rque  (T)  i s  g iven  b y.  

T Fr  

Where ,  

 F  i s  t he  fo rce  in  Newtons  (N)  appl i ed  to  a  shaf t  and  

 r  i s  t he  a rm l eng th  o f  t he  fo rce  

 

 

Fig .2 .9  Torque  app l i ed  to  shaf t  
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2.4 Speed Torque Analysis of an Induction motor  

The  to rque in  an  induc t ion  motor  can  be  p roduced b y the  in t e rac t ion  o f  t he  

resu l t an t  a i r  gap  f lux  and  mmf (magne tomot ive  fo rce )  o f  e i t he r  t he  s t a to r  

winding  o r  t he  ro tor  [ 10] .  Torque  i s  produced  on  moto r ’s  shaf t  on l y i f  t he  

ro to r  i s  running  a t  l ower  speed  lower  t han  synchronous  speed ,  i . e .  i f  the  

s l i p  speed  i s  a  no t  z e ro .   

D i f fe rent  expre ss ions  can  be  used  to  compute  the  to rque o f  an  induc t ion  

moto r  [ 11]  

 Fol lowing  express ion  can  be  used  to  compute  the  a i r  gap  to rque  p ro f i l e  

[ 12]  

[( ) ( ) ]
2 3

a b ca c a ab

P
T i i i i    

 

A  to rque -speed  charac t e r i s t i c  cu rve  o f  an  induct ion  moto r  i s  shown below  
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F ig .2 .10  Induct ion  Motor  and  i t s  torque speed  analys i s  

3-Phase  induct ion  moto r ’ s  ro to r  i s  ca t egor ized  on  the  bas i s  o f  i t s  

cons t ruc t ion .  There  a re  two  types  o f  ro to r  be ing  manufactu red :  

i .  Squ i r re l  Cage  Induc t ion  Moto r   

i i .  Wound  Roto r  o r  S l ip  Ring  Induc t ion  Mot o r   

Both  t ypes  o f  ro to r  has  a  s t a to r  wh ich  cons i s t  o f  a  3 -phas -e  ba l anced  

winding  wi th  d i s t r ibu ted  phase .  Each  phases  a re  d i s t r ibuted  mechan ical l y 

i n  space  b y 120 º  f rom o ther  wind ings  o f  phase .  The  r i s e  i n  magne t i c  f i e ld  

wh ich  i s  ro t a t ing  when  cu r ren t  f l ow s ,  i s  due  th i s  space  in  windings .   

In  an  Induc t ion  mach ine  wi th  ro to r  t ype  o f  squi r re l  cage ,  the  ro to r  i s  

cons i s t  o f  longi tudina l  ba r  o f  e l ec t r ica l  conducto r  ba r s .  These  ba rs  a re  

connec ted  to  c i rcu la r  r i ngs  o f  conducto r  and  a re  shor t .   
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In  an  induc t ion  mach ine  wi th  ro to r  t yp e  o f  wound  ro to r ,  the  ro to r  i s  cons i s t  

o f  a  3 -Phase  ba l anced  winding  d i s t r i buted  equa l l y as  we l l .  Number  o f  po les  

a re  same  as  t ha t  on  the  s t a to r  wind ing .   

Cons ider ing  ba l anced  3 -Phases  ,  t he  ana l ys i s  o f  a  3 -Phase  induc t ion  

mach ine  can  be  accompl i shed  b y ana lyz ing  any one  o f  the  phase .  The  per  

phase  equ iva l en t  c i rcu i t  o f  an  induc t ion  machine  i s  g iven  be low:  

 

 

Fig .2 .11  Per phase  equ iva len t  c i rcu i t  

 

2R  and  2X  a re  s t a to r  r e fe r red  values  o f  ro t o r  r es i s t ance  1R  and  ro to r  

r eac t ance  1X .  S l ip  i s  de f ined  b y  

 

( )s m

s

s
 






 

where ,  m  i s  ro to r  speed  and  s  i s  s ynchronous  speed .  

Fur the r ,  
120

s

f

P
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Where f  i s  t he  f requency o f  t he  suppl y and  i s  denot ing  number  o f  po les .  

As  we  know that ,  impedance  d rop  in  s t a to r  i s  genera l l y neg l ig ib l e  as  

compared  to  t e rmina l  vo l t age  V,  t he  s impl i f i ed  equ iva len t  c i rcu i t  can  be  

shown as :  

 

 

Fig .2 .12  Per phase  approx imate  equiva len t  c i rc ui t  

 

Roto r  cur ren t  i s  g iven  b y,  

0
2

[(R ) j(X X ]r
s s r

v
I

R

s



  
 

 

Power  t r ans fe r red  to  ro to r  (o r  a i r -gap  power )  i s  g iven  b y,  

23 r
g

R
P I

S
  

Roto r  copper  l os s  i s  g iven  b y,  

23cu rP I R  

E l ec t r i ca l  power  conver t ed  in to  mechan ica l  power  
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2

2

1
3 ( )m g cu r

s
P P P I R

s


    

Deve loped  to rque  in  moto r  i s  g iven  by ,  

m

m

P
T


  

Thus ,   

2

23 r

s

I R
T

s
  

B y subs t i tu t ing  the  va lue  o f  I2  equa t ion  above ,  we ge t ,  

2

0

2 2

3

[(R ) (X X ) ]

r

r
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sT
R

s




  
 

B y d i f fe ren t i a t i ng  ‘T’  wi th  respect  t o  s  we  get  the  s l i p  fo r  max imum to rque   

2 2[R (X X ) ]

r
m

s s r

R
s  

 
 

 

B y subs t i tu t ing  the  va lue  o f  Sm in  T  we  ge t  maximum to rque ,   

2

0
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2 2

3

2 [R (R ( ) )]s r r s r
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CHAPTER 3.  Modeling of Induction Motor with 

Broken Rotor Bar 

 

A d ynamic  mode l  o f  an  induc t ion  moto r  i s  developed  to  i nves t iga t e  the   

impact s  o f  b roken ro to r  ba r  and  to  compare  the  genera t ed  s ignal  v i a  

ha rdware  se tup  wi th  the  mode ls  s ignal .  Consequen t ly,  t he  l eve l  of  

d i f fe rence  o r  s imi la r i t y can  be  ach ieved  so  tha t  a  mode l  wi th  p rec is ion  

cou ld  be  obta ined  fo r  such  fau l t s  and  o ther  f au l t s  r e l a t ed  to  an  Induc t ion  

moto r .  The  model ing  i s  a  power fu l  t oo l  fo r  engineers ,  r e sea rchers  and  

sc i en t i s t .  Bes ide  economica l  benef i t s ,  t he  need  o f  manpower  wi th  such  

t r a in ing  i s  ha rd  to  f i nd .  Fur the r  t he  cos t  o f  manpower  and  that  o f  motor  

makes  such  work  harder  and  complex ,  a s  a  s imple  exper imen ta l  s e tup  

consumes  a  l o t  more  t ime  than  a  model  i n  so f tware  wh ich  i s  economica l  a s  

we l l .  The  b reakage  o f  ro to r  ba r  i n  a  model  i s  somehow eas i e r  than  tha t  of  

ph ys i ca l l y b reak ing  i t  i n  an  exper imenta l  s e tup .  In  MATLAB i t ’ s  t he  mat t e r  

of  unders t and ing  and  implement ing  fo rmulas  and  adding  new blocks .  I t  

cou ld  be  tough  bu t  no t  t ha t  much  tha t  i n  an  exper imen ta l  s e tup .  Breaking  

such  bars  need  manua l  d i sman t l i ng ,  break ing  the  ba r s  b y mean  o f  d r i l l ing  

o r  o the r  method than   i n s t a l l i ng  the  moto r  aga in .  Repet i t ion  may be  needed  

i f  number  o f  b roken  ro to r  ba r  a re  d ynamic .  Somet imes ,  the  moto r  o f  h igh  

ra t ing  and  power  a re  huge  and  need  spec i a l  equipmen ts  t o  hand le  them.  The 

model  on  the  o ther  hand  i s  f l ex ib l e .  The  paramete rs  o f  t he  mach ines  could  
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be  change ,  t he  number  o f  b roken  ro to r  ba r  can  be  va r i ed ,  t he  load  

cond i t i ons  a re  handy and  o ther .   

 

3.1 Introduction 

A mode l  which  sh ou ld  be  re l i ab l e  and  rea l i s t i c  fo r  accura t e  p red ic t ion  and  

s imulat ion  o f  f au l t  i s  needed .  The  des igned  model  mus t  be  dynamic  to  

execu te  t he  d ynamic  charac t e r i s t i c s  and  should  be  ab l e  to  s imula t e  hea l th y 

moto r  and  defec t ive  moto r  as  we l l .  The  s imula t ed  des i red  cu r ren t  s t a tor  

should  be  ab l e  t o  re f l ec t  b roken  ro to r  ba r ’ s  impact  and  i t s  i n f luence .  The 

model  des igned  shou ld  be  eas y to  unders t and ,  manipu la t e  and  should  be  

d ynamic  and  access ib l e .  Di f fe ren t  approaches  have  used  fo r  the  

deve lopment  o f  d ynamic  mode l  of  an  Induc t ion  moto r[ 13] [14] .  A 

mathemat i ca l  model  i s  des igned  i s  t h i s  chap te r  then  b roken  ro to r  ba r  i s  

modeled  in  the  des ign  speci f i ca l ly,  wh ich  i s  done  b y unba lanc ing  the  ro to r  

r es i s t ance .  

For  eng ineers  MATLAB i s  a  power fu l  t oo l  t o  implement  and  s imula t e  and  

i t  i s  eas y to  use  as  we l l [15] .  The  moto r ’ s  model  i s  s imula t ed  in  MATLAB.  

Whereas ,  the  s imula t ions  resu l t  a re  ana l yzed  to  s tudy the  b roken  ro to r  ba r s  

and  i t ’ s  impac t  on  the  moto r  and  cu r ren t .  The  resu l t s  o f  the  modeled  moto r  

are  compared  wi th  the  expe r imenta l  r esu l t s ,  so  tha t  the  va l idat ion  o f  the  

model  cou ld  be  accompl i shed .      
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3.2 Mathematical Modeling  

The  s t a to r  and  ro to r  o f  an  induc t ion  moto r  a re  coup led  wri t t en  in  

magnet i ca l ly.  An  induc t ion  moto r  i n  mat r ix  nota t ion  can  be  wr i t t en  in  

t e rms  o f  vo l t age ,  i n  abc  f r ame  o f  r e fe rence   a s [22]   

abc
abc abc s
s s s

d
v r i

dt


 

 

abc
abc abc r
r r r

d
v r i

dt


 

 

and ,  

abc abc abc abc abc

s ss s sr rL i L i    

abc abc abc abc abc

r rr r rs sL i L i    

Where ,  , , , ,abc abc abc abc abc

s s s r rv i v i  and  
abc

r rep resen t s  vol t ages ,  cu r rent  an d  

f lux  l i nkage  in  s t a to r  o r  ro to r  r espec t ive l y.  In  t he  equat ions  above  

supersc r ip t  abc  represen ts  t h ree  phase  and  subscr ip t  s  and  r  r ep resent s  

ro to r  and  s t a to r .  The  no ta t ion  sr  and  rr are  t he  s t a to r  and  ro to r  

r es i s t ance  which  i s  equ ival ent  o f  s ingle  phase .  The  res i s t ance  in  each  phase  

i s  cons idered  equal  i n  i deal  i nduc t ion  moto r .  
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,

, ,

,

0 0

0 0

0 0

s r

s r s r

s r

r

r r

r

 
 

  
 
 

 

abc

ssL  and  
abc

rrL  no t i f i e s  t he  se l f  inductance  o f  s t a to r  and  ro to r  windings ,  

r espec t ivel y.  Whereas ,  
abc

srL  and  
abc

rsL are  t he  s t a to r  to  ro to r  and  ro tor  t o  

s t a to r  mutua l  inductances ,  r espec t ive ly.  

The  sub -mat r i ces  o f  s e l f  i nductances  a re   

 

ls ss sm sm

abc

ss sm ls ss sm

sm sm ls ss

L L L L

L L L L L

L L L L

 
 

 
 
  

 

lr rr rm rm

abc

rr rm lr rr rm

rm rm lr rs

L L L L

L L L L L

L L L L

 
 

 
 
  

 

lsL  i s  the  s t a to r  winding  l eakage  induc tance  and  lrL  i s  the  ro to r  winding  

l eakage  res i s t ance .  

The  s t a to r  t o  ro to r  and  ro to r  t o  s t a to r  winding  mutua l  i nduc tances  a re   
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2 2
cos cos( ) cos( )

3 3

2 2
cos( ) cos cos( )

3 3

2 2
ccos( ) cos( ) cos

3 3

r r r

T
abc abc

sr rs sr r r r

r r r

L L L

 
  

 
  

 
  

 
  

 
        
 
  
  

 

In  t he  equat ion  above  srL  and  rsL i s  t he  peak  va lue  s t a to r  t o  ro tor  and  

ro to r  t o  s t a to r  mutua l  inductances .  r  i s  the  e l ec t r i ca l  angle  be tween  

s t a to r  and  ro to r .  I t  i s  ca l l ed  ro to r  angle  as  ro to r  i s  the  ro ta t ing  on ly no t  

s t a to r .   

In  t he  equat ions  above  ro to r  and  s t a to r  vol t ages  equa t ions  a re  re l a t ed  b y 

mean  o f  mutua l  i nduc tance  and  i s  a  func t ion  o f  ro to r  angle  and  var i es  wi th  

t he  va r i ance  o f  ro tor  pos i t i on  and  t ime .  

As  mathemat i ca l  t rans fo rmat ions  a re  used  to  s tud y the  ro ta t ing  e l ec t r i c  

mach iner y because  vo l t age  equa t ions  are  t ime -varying .   

Park ’s  t r ans fo rmat ion  i s  u sed  to  t r ans fo rm abc  t o  qd0  f r ame  o f  r e fe rence  

wi th   i s  t he  s t a to r  t r ans fo rmat ion  angle  be tween q-axi s  o f  a rb i t r a r y f r ame  

o f  r e fe rence  and  a -ax i s  o f  s t a t ionar y s t a to r  winding  

0
( ) ( ) (0)

t

t d       

The  ro to r  angle  may expres sed  as   

0
( ) ( ) (0)

t

r r rt d       
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Here  , (0)  and  (0)r  a re  t he  in i t i a l  angula r  values  o f  t r ans fo rm at ion  

ang le  and  ro to r  angle ,  r espec t ivel y.   

S t a t e  va r i ab l e  t r ansfo rmat ion  can  be  wr i t t en  as ,  

0 0f ( ) T ( ) fqd qd abc   

Here  the  e l emen ts  of  co lumn vec to r s  0fqd  and  fabc  can  be  f lux  

l i nkages ,  cu r ren t  o r  phase  vol t ages . 0Tqd  i s  t he  t r ans fo rmat ion  mat r ix  

wh ich  i s  

0

2 2
cos cos( ) cos( )

3 3

2 2
T ( ) sin sin( ) sin( )

3 3

1 1 1

2 2 2

qd

 
  

 
   

 
  

 
   
 
 
 
  

 

The  inverse  t r ans format ion  equat ion  can  be  wri t t en  as   

1

0 0( )abc qd qdf T f   

Where  ,   

1

0

cos sin 1

2 2
( ) cos( ) sin( ) 1

3 3

2 2
cos( ) sin( ) 1

3 3

qdT
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Trans fo rmat ion  o f  mach ine  vo l t age  and  f lux  l inkage equat ion  f rom abc  t o  

dq0  re fe rence  o f  f rame  b y app l ying  t r ans fo rmat ion  funct ion  i s  done  b y  

1 0

00 1 0

0 0 0

( )
( ) ( ) i ( )

qd

qd sqd qd

s qd s qd s qd

d T
v T r T T

dt

 
  




   

 

1 0

00 1 0

0 0 0

( )
( ) ( ) i ( )

qd

qd r rqd qd

r qd r r qd r r qd r

d T
v T r T T

dt

  
     




      

 

Subs t i tu t ing  the  mat r i ces  o f  t r ans fo rmat ion  and  rea r rang ing  we  get ,  

0
0 0 0 0

0
0 0 0 0

qd
qd qd qd qd s
s s s s

qd
qd qd qd qd r
r r r r

d
v r i E

dt

d
v r i E

dt





  

  
 

where ,  

0

0

0 1 0

1 0 0

0 0 0

0 1 0

( ) 1 0 0

0 0 0

qdo qd

s s

qdo qd

r r r

E

E

 

  

 
 

 
 
  

 
 

  
 
  

 

 

and ,  
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( )
, r

r

dd

dt dt


  

 

and ,      

     

0 0

1 0 0 1 0 0

0 1 0 , 0 1 0

0 0 1 0 0 1

qd qd

s s r rr r r r

   
   

 
   
      

             

The  
d

dt


 t e rm deno tes  the  ra t e  o f  exchange o f  magnet i c  f i e ld  be tween  

windings .  

The  appl i ca t ion  o f  pa rk ’s  t r ans fo rmat ion  in  t he  equa t ions  o f  f lux  l inkage 

wi l l  be  such  tha t   

0

0( )(L )qd abc abc abc abc

s qd ss s sr rT i L i    

and ,  

0

0( )(L )qd abc abc abc abc

r qd rr r rs sT i L i    

The  f ina l  mat r ix  by a r rangement  o f  equa t ions  we  get ,  
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0 0

' ''

' ''

' ''

00

0 0 0 0

0 0 0 0

0 0 0 0 0

0 0 0 0

0 0 0 0

0 0 0 0 0

qs ls m m qs

ds ls m m ds

s ls s

m lr m qrqr

m lr m drdr

lr rr

L L L i

L L L i

L i

L L L i

L L L i

L i













     
     


     
     

     
     

     
     

         
 

The  equival ent  c i rcu i t  o f  an  induc t ion  mach ine  i s  shown be low wi th  

a rb i t r a ry f rame  o f  re fe rence .  

 

a -  q-ax is  

 

b -  d-ax is  
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c -  zero  sequence  

Fig .  2 .13 .  Equ ivalen t  c i rcui t  of  an  induct ion  motor  in  arb i trary  

f rame of  ref erence  

 

As  the  induc t ion  moto r  i s  symmet r i ca l  machine ,  an y fau l t  can  e f fec t  the  

s ymmet r y o f  t h e  mach ine .  Broken bar  ef fec t s  t he  res i s t ance  o f  t he  mach ine  

which  consequent l y impac ts  magnet i c  f i e ld  between  ro to r  and  s t a to r .  The   

a l t e ra t ion  in  ro tor  res i s t ance  wi l l  be  such  that ,  

*

( ) 0 0

0 ( ) 0

0 0 ( )

r ra

r r ra

r ra

r r

r r r

r r

 
 

  
 
   

 

The  change  in  res i s t ance  due  to  b roken ro to r  ba r  i s  a s [5] ,  

, ,

3

3

bb
ra b c r

b bb

n
r r

N n
 

  

Here ,  bbn  and  bN   a re  the  number  of  b roken  ro to r  ba r  and  to t a l  number  o f  

ba r s ,  r espect ivel y.  

The  inc rement  r can  be  rep resen ted  as  
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* 3

3

bb
r r r

b bb

n
r r r r

N n
   

  

A  genera l  mode l  o f  a  t h ree   phase  induct ion  moto r  i s  desc r ibed  wi th  

compute r  implemen ta t ion  [ 16]  in  S IMULINK i s  shown be low in  sub -

model ’ s  fo rm The sub -mode l  t o  implemen t  t h ree  phase  in to  two  axes  

t r ans fo rmat ion  (3 /2)  o f  s t a to r  vo l t ages ,  cu r rent s  ca l cu l a t ion  i s  shown in  

equa t ion  (1 )  

1/ 2 1/ 21
(1)

0 3 / 2 3 / 2
                      

as

ds

bs

qs

cs

V
V

V
V

V

 
     

           

 

as bs csV V V  a re  t h ree  phase  s t a to r  vo l t ages  whereas ,  dsV  and  qsV  i s  

t r ans fo rmat ion  o f  s ta to r  vo l t age  in  two  axes  t r an s fo rmat ion  o f  vecto r  sV .  

Cur rent s  equa t ions  o f  t h ree  phase  induc t ion  moto r  i n  two  axes  s t a to r  

r e fe rence  f rame i s  g iven  in  equa t ion  (2 ) .  Where ,  t he  va lues  o f  i nduc tance  

and  res i s t ance  o f  ro to r  and  s t a to r  and  mutual  i nduc tance  i s  kep t  cons t ant  

where  as  t hey might  be  s l i gh t l y change  in  rea l  t ime  moto r  mechani sm.   
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Fig .  3 .1 .  Elec tr i ca l  model  of  an  induct ion  motor  in  SIMULINK  

 

1

0

{ ( )}

t

I L V R I d






     (2 )  

Where ,   

0 0

0 0
,L ,V ,

0 0

0 0

ds dss m

qs qss m

m rdr dr

m rqr qr

i VL L

i VL L
I

L Li V

L Li V
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s

s

m s r
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R

R

P P
L R L
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Implemen ta t io n  o f  equa t ion  (2 )  i s  such  that  t he  i npu t  i s   as bs csV V V  and  

ds qs dr qri i i i    a re  the  ou tput  cu rren t  o f  s t a to r  and  ro to r  f rom the  mode l  

shown in  f i gu re  2 .  Here ,  drV = 0  and  qrV = 0  due  to  t he  shor t  c i r cu i t ed  

winding  o f  cage  ro to r .  

Torque  sub -mode l  o f  t he  moto r  i s  implemented  us ing  equa t ion  (3 )  and  

mechanica l  sub -mode l  us ing  equat ion (4 )  

                                         
3

 m
dr qs qr ds

PL
T i i i i 

    (3 )  

 

  (4 )  

 

The  torque  and  mechan ical  sub -mode l  i s  implemented  as  show n in  f i gu re  

3  and  f igu re  4  respec t ivel y.  

0

0

                                              

t

LT T
d

J
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Fig .  3 .2 .  Torque  sub -model  

 

Fig .  3 .3 .  Mechanica l  sub -model  

 

Ou tpu t  sub -model  o f  t he  s t a to r  cu r ren t  o f  t h ree  phase  induc t ion  moto r  i s  

ca l cu la t ed  us ing  equa t ion  (5 )  and  could  be  implemented  us ing  ‘Fcn’  b lock  

of  S IM U LINK.  

 

   
2 22

                     
3

e e

s ds qsi i i 
    (5 )  
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The  comple t e  b lock  d i ag ram of  t h ree  phase  induc t ion  moto r  i s  u s ing  

equa t ions  (1 -5 )  i s  g iven  in  f igu re  5 .  

 

 

Fig .  3 .4 .  Induct ion  motor  

 

A  th ree  phase  s inuso idal  vol t age  genera t ion  i s  achieved  us ing  equat ion  (6 )  

a s  |V |  i s  t he  ampl i tude  o f  the  t e rminal  vo l t age ,  Q  i s  in i t i a l  phase  ang le  and  

w i s  the  suppl y f requency  

 

2
                          

3

2

3

as

bs

cs

V V Cos t

V V Cos t

V V Cos t

 


 


 


  

  

    
 

  
    

 

 (6 )  
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Three  phase  vo l t age  model  i s  shown in  

f i g .3 .6

Fig .  3 .5 .  Three  phase  supp ly  sub -model  

 

The  t e rminal  vol t age  i s  g iven  b y eq ua t ion  (7 )  due  to  t he  suppl y cab le ’ s  

vo l t age  d rop  and  i t ’ s  implementa t ion  i s  shown in  f i gu re  7 .  

                      c sV E R i       (7 )  

Where  E  i s  supp ly vo l t age  and  cR i s  cab le  res i s t ance  
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The  comple t e  p resen ta t ion  o f  power  suppl y fo r  a  t h ree  phase  induc t ion  

model  i s  shown in  f i gu re  8  us ing  equat ion  (6 )   and  (7 ) .  

 

Fig .  3 .6 .  Pow er  supply  sub -model  

 

Us ing  power  supp ly sub -model  and  induc t ion  moto r  sub -model  a  complet e  

r ep resenta t ion  o f   the  s ys t em i s  implemen ted  as  shown in  f i g .3 . 9 .  

The  XY-graph  b lock  i s  used  to  get  t he  t o rque/ speed  charac t e r i s t i c  o f  the  

t h ree  phase   induct ion  moto r  

 

Fig .  3 .7 .  Induct ion  motor  model  
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B roken  ro to r  ba r  f au l t s  occur red  genera l ly i n  i nduc t ion  moto r  due  to  

d i f fe rent  r easons  some o f  t hem are  t he rmal  s t r es s ,  magn et i c  t ens ion ,  

bea r ing  fa i lu re ,  d ynamic  p res su re  and  load  var i a t i on  [ 17] ,  [ 18] .  The  p resent  

work  i s  a  comparat ive  ana l ys i s  o f  a  hea l th y and  a  fau l t y moto r  (b roken 

ro to r  ba r  f au l t ) .  Cons ider ing  d ynamic  res i s t ance  o f  t he  ro to r  as  i t s  

depending  upon  the  number  o f  ba r s  b roken .  There  a re  severa l  methods  and  

model s  t o  i den t i f y t he  res i s t ance  o f  broken  ro to r  ba r ,  we  a re  cons ider ing  

one  o f  t he  model [ 19]  t o  i den t i f y t he  va lue  o f  t ha t  changed  res i s t ance  as  t he  

ro to r  b roke  and  the  va lue  o f  t ha t  r es i s t ance  i s  change  as  number  o f  b roken 

ro to r  ba r s  change .  

 
R                                    

3

b
r

b

n
R

N
n

 


           (8 )  

In  t he  equa t ion  above rR  i s  the  ro to r  r es i s t ance  when  no  bar  i s  b roken ,  N  i s  

t he  number  o f  t o t a l  ba r s  i n  ro to r ,  bn  i s  the  number  o f  ro to r  ba r s  b roken  in  

ro to r .  Thi s  change in  ro to r  r es i s t ance  i s  used  to  s imula t e  t he  mode l  o f  

hea l th y and  fau l t y r o to r  o f  an  induct ion  machine .  
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CHAPTER 4 .  Implementation on Hardware  

 

4.1 Introduction  

Implemen ta t io n  o f  mode led  moto r  in  ha rdware  se tup  i s  done  us ing  a  

mechanica l  s t ruc tu re  on  which  moto r  o f  1H.P  i s  mounted  and  the  readings  

a re  ex t rac t ed  us ing  an  e l ec t ron ics  c i rcu i t  wh ich  wi l l  be  exp la ined  in  t h i s  

chap te r  l a t e r .  Fu r the r ,  t hese  reading  a re  eva lua t ed  and  anal yzed  the  

des igned  mode l  so  tha t  impac ts  o f  d i f fe ren t  s cenar ios  cou ld  be  v i sual i zed  

and  d i scussed .  F i rs t ,  t he  heal th y motor  wi th  no  bar  b roken  i s  demons t ra t ed  

and  i l l us t ra t ed .  Then ,  ro to r  ba r  a re  b roken  so  tha t  fu r the r  ana l ys i s  cou ld  be  

pe r fo rmed .  In  t h e  end ,  a  compar i son  i s  made  between  d i f fe rent  f au l t  

cond i t i ons  and  p resen ted .  

The  cu r rent  ex t rac t ion  per fo rmed  us ing  a  ha rdware  se tup  in  t he  l aborato r y.  

Th is  chapte r  i nc lude  fo l lowing s t eps .  

   To  i l lu s t ra t e  Data  acqu i s i t i on  f rom moto r  wi thou t  d i s tu rb ing  i t s  

opera t ion  and  a t  a  s ampl ing  ra t e  which  cou ld  v i sual ize  cu r rent  

peaks  changing  in  ms .  

   The  moto r  and  i t s  pa ramete r  so  tha t  moto r  s e l ec t ion  cou ld  be  and  

i t s  impact .  

   Faul t  in j ec t ion  in  moto r .  

   Overa l l  ha rdware  se tup  fo rmat ion .   
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4.2Components  

4.2 .1Arduino 

There  a re  severa l  methods  to  ex t rac t  t he  cu r ren t  f rom a  sys t em.  The  method 

adop ted  i s  t o  use  the  ana log  por t  o f  Ardu ino  MEGA 2560 .  As  i t  i s  s imple ,  

r e l i ab l e  and  por t ab l e  dev ice ,  i t  can  be  used  to  ge t  t he  cur ren t  spect rum of  

an y dev ice  a t  the  des i red  l eve l  o f  s ampl ing .  Arduino  Omega 2560  i s  

p rogrammed  to  ge t  t he  cu r ren t   w i th  sampl ing  f requency adop ted  a t  1Khz ,  

10Khz  and  20Khz  and  chose  the  su i t ab l e  one  to  ana l yze  the  e f fec t s  o f  f au l t  

on  spec t rum.   

 

 

Fig .  4 .1 .  Ardu ino  Mega  2560 Control l er  

 

Ana log  por t1  i s  us ed  to  ge t  the  ana log  da t a  f rom hal l  e f fec t  s enso r  712S 

wi th  a  r ange  up  to  20A.  
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4.2 .2  Hall  effect  sensor :  

 

Fig .  4 .2 .  Hal l  Ef f ec t  Sensor Module  

 

Ha l l  e f fec t  s enso r  wh ich  i s  a  t r ansducer  va r i es  i t ’ s  ou tpu t  vo l t age  in  

response  to  a  magne t i c  f i e ld .  Ha l l  e f fec t  s enso rs  a re  used  fo r  d i f fe rent  

app l i ca t ions  l i ke  swi t ch ing ,  pos i t i on ing ,  speed  de t ec t ion ,  and  

cu r ren t  s ens ing  appl i ca t ions .  I t  has  a  bandwid th  o f  50KHz  wi th  e r ro r  in  

accuracy o f  abou t  1 .5%.  I t  i s  an  eas y to  implement  modu le  fo r  s ens ing  of  

AC or  DC cur rent s .   

 

4.2 .3  Three Phase Induction Motor : 

A s ing le  HP  S IEM ENS th ree  phase  induc t ion  moto r  i s  used  to  pe r fo rm the  

ana l ys i s  u s ing  a  mechan ical  s t ruc tu re  to  mechanica l l y f i x  t he  moto r  so  that  

v ib ra t ion  and  sa fe ty i s sues  could  be  reso lved .  The  moto r  has  2  po les  and  14  

ro to r  ba r s  to  induce the  f i e ld  i n  i t .   
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Fig .  4 .3  Induct ion  Motor’s  Rotor  and S ta tor  

 

4.3 Connectivity 

Hal l  e f fec t  s enso r  af t e r  connected  wi th  Ardu ino  Omega  2560 ,  us ing  l i nes  o f  

command   can  ex t rac t  t he  cu r rent  f rom the  device  a t  des i red  f requency so  

tha t  c lose  anal ys i s  cou ld  be  pe r fo rmed .  Ana log  cu r rent  f rom ha l l  e f fec t  

s enso r  i s  adopted  th rough Ardu ino  then  t r ansmi t t ed  to  t he  compute r  v i a  

s e r i a l  po r t .  Se r i a l l y  rece ived  cu r ren t  i s  t hen  saved  and  ana l yzed  in  

MATLAB.  The  Ardu ino  so f tware  ca n  be  used  to  read  the  s ignal  s e r i a l l y  

t h rough  Arduino  and  can  eas i ly s to red  way the  da t a  se r i a l l y t h rough  se r i a l  

po r t  and  saves  t he  incoming  dat a  in to  . t x t  fo rmat  eas i l y.  The  can  be  s to red  

and  then  ana lyzed  fo r  exper imen ts .  
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Fig .  4 .4 .  Data  Acqu is i t ion  Fro m Motor  

 

The  t ex t ( . t x t )  f i l e  can  be  loaded  in to  the  MATLAB us ing  s imple  l ine  o f  

commands .  Once  the  da t a  i s  up loaded in to  the  MATLAB,  the  exper imen t  on  

d i f fe rent  s ca l es  can  be  pe r fo rmed .  MATLAB prov ides  a  d ynamic  se tup  to  

ana l yze  the  da t a  us ing  d i f fe ren t  t o o l s  and  t echniques .  F requency and  t ime 

domain  anal ys i s  a re  t hen  per fo rmed  on  the  bas i s  o f  t hese  read ings  to  f i nd  

the  d i f fe rence  in  response  on  d i f fe rent  f au l t  condi t i ons .  
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4.4 Fault Injection in the Rotor:  

Faul t  i n  i nduc t ion  moto r  i s  in j ec t ed  by mean  o f  d r i l l ing  the  ro to r  ba r  in  

such  manners  t hat  on ly ba r  should  be  b roken and  no  o ther  pa r t  o f  tha t  ro tor  

should  be  a f fec t ed .  I t  i s  pe r fo rmed  in  t he  mechan ical  workshop  where  a  

d r i l l i ng  machine  i s  u sed  to  d r i l l  t he  ba r  to  b reak  i t  and  inc reas ing  the  

number  o f  b roken  bar .  In  some cases  t he  s iz e  o f  d r i l l ing  b i t  can  mat t e r  so  

the  se l ec t ion  o f  the  b i t  i s  an  impor t an t  f ac to r  as  i n  case  of  smal l e r  s iz e  the  

ba r  may no t  b reak  complet e ly and  can  e f fec t  t he  resu l t s  and  in  case  of  

b igger  s iz e  the  su r rounded  a rea  o f  ba r  i . e  i ron  co re  may b e  e f fec t ed  and  can  

cause  a  change  in  cu r ren t  pa ramete r s .  

 

  

Fig .  4 .5 .  Fau l t  In jec t ion  by  Mean of  Dr i l l ing  the  Rotor Bar  
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4.5 Effects of Injected faults  

There  can  be  severa l  e f fec t s  occur red  whi l e  moto r  i s  opera t ing  under  f au l t  

cond i t i on  wh ereas ,  i t  depends  on  the  leve l  o f  f au l t  and  i t  t ype  as  t he  phase  

imbalance ,  bea r ing  fau l t ,  mechan ica l  and  b roken  ro to r  ba r ,  a l l  o f  t hese  

fau l t s  have  d i f fe rent  impact s  on  opera t ion .  

 

4.5 .1  Impact  on Current   

The  main  consequence  o f  an y fau l t  va r i a t es  the  cu r rent .  Th is  va r i a t i on  

cou ld  be  f rom mA to  A.  The  change  in  cu r rent  spec t rum and  i t s  pa t t e rn  i s  

h igh l y inves t igat ed  and  s t i l l  under  cons idera t ion  in  cond i t i on  moni to r ing  

and  fau l t  f i nd ing  t echn iques .  The  change  in  cu r ren t  occurred  a f t e r  b reaking  

t he  ro to r ’ s  ba r  and  th i s  va r i a t ion  i s  i ncreased  wi th  respect  t o  t he  number  o f  

b roken ro to r  ba r .  

 

4.5 .2  Impact  on leakage flux  

As the  number  o f  b roken  ro to r  ba r  broke  the  l eakage  f lux  a t  a  pa r t i cu l a r  

f r equency was  inc reased .  The  f lux  which  has  t o  be  induced  in  the  ba r  o f  the  

ro to r  i s  b roken  i s  l eaked  ou t  and  was  sensed  us ing  the  ACS712  “Hal l  

E f fec t ”  senso r  wh ich  Is  u sed  to  sense  the  cu r rent  a s  we l l .  The  reading  

i nd i ca t es  the  r i s e  i n  peaks  o f  t he  f l ux .   
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4.5 .3  Impact  on Sound 

The  change  in  sound  was  observed .  When  th e  number  o f  b roken  ro to r ’s  bar  

i nc reased  the  sound  o f  t he  moto r  become wei rd  propor t iona l l y.  The  

loudness  o f  t he  sound  cou ld  be  exper i enced  as  no rmal ly i n  i ndus t ry the  

main t enance t echn ic i ans  observe  the  sound o f  t he  moto r  c losel y and  repor t  

t he  engineer  i f  an y change  in  sound  i s  hea rd ,  i t  i s  the  most  t r ad i t i ona l  way 

on  the  working  f loo r  t o  i den t i f y t ha t  moto r  o r  i t ’ s  opera t ion  has  some 

defec t .  The  sound which  was  ac tual ly t he  no ise  o f  t he  moto r  i s  so  observed  

because  the  e l ec t romagnet i c  induct ion  on  ro to r ’ s  ba r  was  not  un i fo rml y 

d i s t r ibuted  and  due  to  tha t  humming  o f  the  magne t i c  f i e ld  t he  sound 

became louder .  

 

4.5 .4  Impact  on vibration  

Vibrat ion  ana lys i s  i s  pe r fo rmed  on  an  induct ion  moto r  in  t o  moni to r  t he  

cond i t i on  on  an  induc t ion  moto r  i n  severa l  l i t e ra t u res .  As  the  moto r  was  

becoming  faul ty t he  v ib ra t iona l  pa ramete r s  were  observed  as  we l l .  Wi th  the  

inc rease  in  number  o f  b roken  ro to r  ba r ,  t he  v ib ra t ion  of  t he  moto r  was  

inc reas ing  as  i t  was  smooth  when  the re  was  no  fau l t .  In  p resence  o f  

v ib ra t ion  sensors ,  a  c lose  look  on  the  v ib ra t ion  and  i t ’ s  pa ramete r  could  be  

ana l yzed .  Whereas ,  a  pe r son  can  normal l y exper i ence  the  r i s e  in  v ib ra t ion  

as  the  moto r  becomes  more  de fect ed .   
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CHAPTER 5 . Results of Simulations & Experiments  

  

5.1 Introduction  

The  induct ion  moto r  chosen  fo r  t he  s imulat ion  s tudies  has  t he  fo l lowing 

paramete rs :  

T ype :  t h ree -phase ,  2 -pole ,  wye -connec ted ,  i nduct ion  motor  wi th ,  

sR =0 .088   / ph   rR =0 .187  / ph  

sL =0 .0425   / ph   mL =0 .04   / ph  

rL =0 .0425   / ph    J=0 .4  kg  
2m  

LJ =0 .4  kg
2m  

The  t r ans i en t  opera t ion  o f  t he  th ree  phase   i nduc t ion  moto r  i s  i l l us t ra t ed  

us ing  the  s imulat ion  s tudy o f  d i rec t -on - l ine  s t a r t i ng .  At  t=0 ,  the  motor ,  

p rev ious l y de -energ ized  and  a t  s t ands t i l l  connected  to  a  380  V,  50  Hz  

th ree -phase  power  suppl y th rough a  cable .  

Motor ’ s  s t a to r  cu r ren t  r e f l ec t s  t he  overa l l  condi t i on  o f  an  induc t ion  motor  

b y rep resen t ing  f requency paramete r s  o f  t ha t  cu r rent  s ignal .  Thus ,  f au l t  

d i agnos i s  b y mean  o f  s t a to r  cu r ren t  spec t rum inves t igat ion[ 20]  fo r  a  

hea l th y and  a  fau l ty  moto r  i s  done .  

S ince ,  i n  an  induc t ion  moto r  mechan ica l  angu la r  speed  o f  a  ro to r  i s  l ess  

t han  the  ro t a t ing  e lec t r i ca l  f i end  o f  a  s t a to r .  There fo re ,  the  s l i p  i s  a lways  

l e s s  than  ‘1’  in  r unn ing  cond i t ion .   
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      (9 )  

As  fau l t  become more  severe  t he re  i s  an  a r i s e  i n  h igher  o rder  ha rmonics  

wh ich  i s  c l ea r ly un ders t andable  tha t  ro to r  ba r  i s  de fec t ed  and  the  number  

o f  de fec t ed  bars  can  be  es t imated  by ana l yz ing  the  ove ra l l  r e sponse  o f  

s t a to r  cu r rent  spect rum.  As  the  number  o f  b roken  ro to r  ba r s  inc rease ,  

cur ren t ’s  f low inc reases  which  in  tu rn  d i s s ipa t ed  in  t he  fo rm o f  heat  which  

i s  no t  on ly a f fec t ing  the  e f f i c i ency o f  moto r  bu t  damages  the  wind ing  as  

we l l .  

 Fu r the r ,  Torq ue-Speed  cu rve  can  be  a  suppor t ive  pa ramete r  wh ich  wi l l  be  

a l t e r ed  as  pe r  the  number  o f  b roken ro to r  ba r .  

A  speed - to rque  cu rve  o f  an  induc t ion  moto r  wi th  overa l l  hea l th y  cond i t ion  

and  no  bar  b roken  can  be  v i sua l iz e  tha t  the  t r ad i t ional  speed  – t o rque  cu rve  

i s  a t t a ined .  

As  the  number  o f  broken  bar  inc reased  a  change in  speed - to rque  cu rve  c an  

be  observed .  The speed - to rque  cu rve  o f  induct ion  moto r  wi th  5  b roken  bar  

can  be  v i sua l iz e  t o  see  the  d ras t i c  change  in  the  response  

Cur rent  s amples  ob ta ined  f rom the  mode l  desc r ibed  above  a re  used  to  

i dent i fy t he  response  and  spect rum changes  between  hea l thy and  fau l t y 

moto r  wi th  one  o r  more  than  one  b roken  ro to r  ba rs .  As  shown ,  t he  inc rease  

in  number  o f  b roken  ro to r  ba r  i s  i ncreas ing  the  spect ra l  changes  in  t he  

s t a to r  cu r rent  spect rum.  As  the  number  o f  b roken  bar  increase  the  speed -

to rque  cu rve  shows  the  e f fec t  on  speed  which  i s  s t ab i l iz ing  wi th  ce r t a in  
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per tu rba t ions .  Whereas ,  t he  cu rren t  response  o r  d i f fe rence  be tween  ra t ed  

and  opera t ional  cur ren t  can  be  observe  to  get  t he  c l ea r  unders t and ing  o f  

number  o f  b roken  ro to r  ba r .  

B y compar ing  heal th y moto r  wi th  a  fau l ty,  we  can  unders t and  that  i n  a  

hea l th y moto r  speed - to rque  cu rve  i s  showing  smoothness  as  t he  ro to r  gets  

t he  speed .  Whereas ,  in  a  f au l t y moto r  wi th  b roken  ro to r  ba r s ,  the  speed -

to rque  cu rve  i s  i n  con t inuous  va r i a t i on  as  can  be  v i sua l iz ed .    

 

5.2  Results of Healthy Motor in Frequency Domain  

F requency domain  i s  one  the  most  impor t an t  too l  t o  anal yze  and  examine  

the  s ignal  and  i t s  pa ramete r .  Somet imes ,  t ime  domain  ana ly s i s  can  be  used  

to  fu l f i l l  the  ana l ys i s  need .  Whereas ,  i n  c lose  change  f requency domain  

ana l ys i s  i s  used  and  var i a t i on  in  d i f feren t  spec t ra l  can  be  observed .  

 5.2.1 Simulation Results  
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F ig .  5 .1 .  Current  Spectrum of  Heal thy  Model  

The  s imulat ion  o f  t he  moto r  wi th  none  bar  b roken  in j ec t ed  can  be  

v i sua l iz e .  The  peak  va lue  i s  1 .3  but  t he  va lue  may change  fo r  the  motor  



59 

 

wi th  s imi l a r  power  bu t  o the r  pa ramet r i c  change  l i ke  ro to r  r es i s t ance  or  

s t a to r  r es i s t ance .   

 

5.2.2 Experimental Results  
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F ig .  5 .2 .  Current  Spec trum of  Heal thy  Motor  

 

Hardware  resu l t s  a re  implemen ted  to  examine  the  response  o f  t he  moto r .  As  

we  can  see  the  peak  va lue  i s  a t  abou t  1 .9 .  i t  i s  more  than  tha t  ca l cu l a t ed  b y 

the  model  bu t  such  no ise  and  o ther  f ac to r s  which  were  ignored  in  the  model  

impact  t he  sys t em.  S imula t ion  and  hardware  resu l t s  can  be  to t a l l y matched  

o r  t o t a l l y d i f fe ren t  somet imes  but  most l y t hey va l idat e  each  o ther  by minor  

changes  as  we have in  t h i s  mode l .  
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5.3  Results of Motor with 3 bar broken in Frequency 

Domain  

 

   5.3.1 Simulation Results 
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F ig .  5 .3 .  Current  Spectrum of  Model  wi th  3  Broken  Bar  

 

Inc rease  in  number  o f  b roken  ro to r  ba r  and  i t s  e f fec t  can  be  v i sual iz e  i n  

f i g .5 .6  t he  peak  i s  r a i sed  f rom 1 .3  to  1 .4  as  t he  consumpt ion  o f  cu r rent  and  

e l ec t romagnet i c  i nduc t ion  i s  i nc re ased .  As  the  b roken  area  o r  t he  b roken 

ro to r  ba r  e f fec t  i s  in  such  a  way tha t  t he  e l ec t romagnet i c  f l ux  which  i s  not  

i nduc ing  in  tha t  ba r  wi l l  accumula t e  i t s  r equ i red  cu r rent  f rom other  ba r  and  

hence  inc reased  in  cu r ren t  obse rved .  
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5.3.2 Experimental Results 
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F ig .  5 .4 .  Current  Spectrum of  Motor  wi th  3  Broken  Bar  

 

The  change  in  peak  can  be  seen  in  t he  moto r  as  in  t he  model .  The 

d i f fe rence  in  moto r  and  model  i s  due  the  noi se  and  the  fac to r s  neglec t ed  in  

t he  model  as  t he  rea l  t ime  moto r  i s  more  sens i t i ve  to  o the r  f ac to r s  such  as  

cond i t i on  o f  bear ing  and  that  o f  t he  winding .  F ig .5 .7  shows  the  inc rease  in  

peak  as  i t  i s  2 .0 .  

 

5.4  Results of Motor with 5 bar broken in Frequency 

Domain: 

5.4.1 Simulation Results  

Broken  ro to r  ba r  up to  tha t  ex t ent  i s  ac tua l l y e f fec t ing  the  moto r  and  i t s  

e f f i c i ency as  can  be  seen  the  peak  i s  now ra i sed  to  1 .8  as  
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F ig .  5 .5 .  Current  Spectrum of  Model  wi th  5  Broken  Bar  

 

can  be  observed  in  f i g .5 .8 .  The e f f i c i ency o f  t he  moto r  i s  now degrading .  

 

5.4.2 Experimental Results  
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F ig .  5 .6 .  Current  Spectrum of  Motor  wi th  5  Broken  Bar  
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The  peak  change  in  mode l  and  moto r  i s  due  to  the  fac to r s  desc r ibed  ea r l i e r  

and  the  change  in  mode l  and  moto r  can  be  minimized  but  ha rd l y 

ach ievable .  The  peak  o f  cu r ren t  spect rum i s  now 2 .11  in  f i g .5 .9 .  which  i s  

c l ea r l y men t ioning  the  change in  response  o f  moto r  as  number  o f  b roken 

bar  inc reased .  

 

5.5  Results of Healthy Motor in Time Domain:  

5.5.1 Simulation Results  
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Fig .  5 .7 .  Current  in  T ime Domain  of  Hea l thy Model  

 

Time domain analysis is a good tool to analyze ce rtain changes in response of 

the system but for a small change and complex scenario it is avoided. Here, we 

can see the time sequence of current consumed by the motor.  As it is  the 
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model’s response it can be variant in real motor. In fig.5.10. the peak cur rent 

for starting torque is  less than 15.  

5.5.2 Experimental Results  
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Fig .  5 .8 .  Current  in  T ime Domain  of  Hea l thy Motor  

 

In  ha rdware  o f  t he  p resc r ibed  model  the  cu r ren t  consumed  i s  l i t t l e  change 

bu t  t he  change in  cu r ren t  r esponse  as  pe r  the  number  o f  b ro ken  ro to r  ba r  

can  be  seen .  

 

5.6  Results of Motor with 3 bar broken in Time Domain:  

5.6.1 Simulation Results  

Increase in broken rotor bar is effecting the current as to accumulate the starting 

torque of the motor but can hardly be seen if the change in  
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Fig .  5 .9 .  Current  in  T ime Domain  of  3  Broken  Bar Model  

 

number of broken rotor bar is  small  hence 3 broken rotor bar response are 

collected directly.  The peak current in fig.11 can be seen has reached to 15 now.  

 

5.6.2 Experimental Results  
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Fig .  5 .1 0 .  Current  in  Time Domain  of  3  Broken Bar  Motor  
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Exper imenta l  r esu l t s  va l idat ing  the  change  in  cu r rent  spect rum can  be  seen  

i n  the  response  o f  t he  moto r   t he  moto r ’ s  peak  cu r ren t  has  now reached  to  

16  in  f i g .5 .13  and  may inc rease  fu r ther  t o  fu l f i l l  i t s  need  o f  s t a r t ing  to rque 

in  case  o f  i nc rease  in  b roken  ro to r  ba r  

  

5.7  Results of Motor with 5 bar broken in Time Domain:  

 

5.7.1 Simulation Results  
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Fig .  5 .1 1 .  Current  in  Time Domain  of  5  Broken Bar  Model  

 

Number of broken rotor bar has increased to 5 and the effects of this increment 

can be visualize in current spectrum as it  is now over 15 in fig.5.14.  
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5.7.2 Experimental Results  
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Fig .  5 .1 2 .  Current  in  Time Domain  of  5  Broken Bar  Motor  

 

The  hardware  resu l t s  o f  r esponse  o f  moto r  wi th  5  b roken  bar  i s  a t t a ined  

and  p l o t t ed  the  cu rren t ’ s  peak ,  i s  now c lose  to  17  in  f i g .5 .15 .  t he  r i s e  in  

model  and  moto r ’s  cu r ren t  peak  and  the i r  d i f fe rence  has  shown the  a t t i tude  

of  cu r rent  as  pe r  t he  d i s tu rbances .  

Cur rent  and  i t s  peak  a re  chang ing  as  we  a re  i nc reas ing  the  number  o f  

b roken ro to r  ba r .  I t  i s  c l ea r l y v i s ib l e  t hat  the  e f fe i c i ency o f  t he  moto r  i s  

e f fec t ed .  In  case  o f  mega  moto r  t h i s  change  could  l ead  to  t ens  o f  ampere  

lo ss  pe r  hour  and  wi l l  pa r t  i n  i nc reased  u t i l i t y b i l l .  
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CHAPTER 6 .  Conclusions  

Faul t  d i agnos i s  and  cond i t io n  moni to r ing  o f  an  induc t ion  moto r  i s  

p rac t i ca l ly  cha l l eng ing  and  c r i t i ca l  to  pe r fo rm.  Iden t i f ica t ion  o f  b roken  

ro to r  ba r  i n  an  induc t ion  moto r  and  i t  d i agnos i s  fo r  r esea rch  purpose  i s  

expens ive  and  d i f f icu l t  t o  pe r fo rm as  i nduc t ion  moto r  i s  o f  h igh  cos t  a nd  

rea l  e f fo r t s  a re  needed  to  i n j ec t  such  fau l t s  i n  i nduc t ion  moto r  manual ly.  

The  thes i s  i s  t he  s tudy o f  b roken ro to r  ba r  i t ’ s  impac t  and  poss ib l e  

consequences  fo r  t ha t  a  ha rdware  se tup  fo r  moto r ’ s  opera t ion  i s  

i nves t iga t ed .  Hence,  I t  can  conc luded  tha t  t h e  change  in  res i s t ance  o f  ro to r  

wh ich  i s  in  accordance  wi th  the  number  o f  ro to r  ba r  b roken  i s  t r ans l a t ed  in  

fo rm o f  i nc reased  ro to r  r es i s t ance ,  we  can  ana l yze  the  number  o f  b roken 

ro to r  ba r  and  can  v i sua l iz e  t he  sever i t y o f  t he  fau l t  by mean  o f  cur rent  

consumpt ion  so  that  p revent ive  main t enance  measures  could  be  t aken  which  

i s  comparat ive l y eas y fo r  eng ineers  than  b reakdown main tenance  so  tha t  

product ion  and  opera t ion  o f  an  indus t ry doesn ’ t  su f fe r .  

 

6.1 Analysis of Broken Rotor Bar 

Hardware  implemen ta t ion  o f  the  p roposed  method  has  per fo rmed  us ing  an  

exper imen ta l  s e tup  so  that  l i ve  moto r  and  i t s  r esponses  cou ld  be  v i sua l iz ed  

to  va l ida t e  the  au then t i c i t y o f  t he  working  mode l .  

T ime  domain  analys i s  i s  pe r fo rmed  and  a l t e ra t ion  in  cu r ren t  spec t rums 

were  s tudied .  I t  was  found  that  in i t i a l l y t he  cu r ren t  does  not  change  
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abrupt l y as  t he  ba r  b roken  but  when  number  o f  b roken  ro to r  ba r  i nc reased  

the  cu r ren t  spec t rum changed.  Fur the r ,  t he  RMS of  t he  moto r  inc reased  as  

t he  number  o f  b roken  ro to r  ba r  inc reased .  Thus ,  f au l t  s ever i t y i s  p l aying  a  

majo r  ro l e  on  the  ampl i tude  and  RMS of  t he  moto r  whereas ,  the  minor  fau l t  

i n t roduced  a f t e r  a  s ing le  ba r  b roken  i s  unable  t o  f i nd  us ing  t ime  domain  

ana l ys i s  bu t  in  case  o f  more  than  3  ba rs  b roken in  a  ro to r  o f  14  bars ,  t hese  

va lues  sh ows the  d i f fe rences  p rominen t ly.  Hence ,  can  be  use  in  case  o f  

smal l  opera t ion  and  moto r  wi th  l ow power  o r  l ow cos t .    

F requency ana l ys i s  i s  a  key too l  to  examine  smal l  s ca l e  dev ia t ion  in  the  

spec t rum.  F requency domain  ana l ys i s  i s  pe r fo rmed  and  i t  au thent i c a t e  the  

smal l  s ca l e  devia t ion  as  a  s ing le  number  o f  ba r  i s  b roken .  Hence ,  the  

f requency ana l ys i s  shows  a  good  cont r ibut ion  in  i den t i f ying  even  a  s ingle  

number  o f  ba r  b roken  and  can  be  used  in  l a rge  scal e  opera t ion  as  we l l  

smal l  s ca l e ,  depends  on  the  opera t ion .  

 

6.2 Implementation of fault  

Faul t  i n  i nduc t ion  moto r  i s  implemen ted  b y manua l  mean .  Moto r  was  

d i sas sembled  and  then  the  ro tor  ba r  i s  d r i l l ed  us ing  a  dr i l l ing  machine  in  

mechanica l  workshop .  Be ing  consc ious ,  he  d r i l l ing  shou ld  be  pe r fo rmed  b y 

the  pe r son  wi th  t r a in ing  e l se  i t  cou ld  be   dangerous .  Once  the  d r i l l i ng  i s  

pe r fo rmed  the  moto r  shou ld  be  as semble  p roper l y wi th  pe r fec t  bea r ing  

p l acemen t  and  o i l ing  o r  i t  could  d i s tu rb  the  ac tua l  r ead ings  o f  t he  s t a to r .    
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6.3 Future Works  

The  work  p resented  i s  on  a  smal l  sca l e  and  can  p l ay a  l i t t l e  pa r t  in  

d i agnos i s  o f  f au l t s  o f  an  induc t ion  mach ine .  Fur the r ,  s evera l  o the r  anal ys i s  

cou ld  be  pe r fo rmed  us ing  the  same se tup  and  t echniques  wi th  d i f fe rent  

pa ramete rs ,  some of  t hem are  g iven  below  

  Wavele t  t r ans fo rmat ion  on  the  s igna ls  cou ld  be  pe r fo rmed  in  de t a i l ,  

so  tha t  more  c l ear  d i f fe rences  between  s l i gh t  changes  in  cu r ren t  

spec t rum could  be  v i sua l iz ed .  

  Leakage  f lux ,  which  i s  adop ted  us ing  the  same sensor  could  be  

i nves t iga t ed .  I t ’ s  a  de t a i l  t op i c  t o  cover  wi th  spec i f i c  t a rge t .  

  Other  fau l t s  l ike  Bear ing ,  ware  t a re ,  moto r ’ s  base  bol t ,  s t a to r  cou ld  

be  in t roduced  in  t he  ha rdware  mode l  t o  fu r the r  iden t i f y t he  

d i f fe rences  between  b roken  bar  and  o ther  f au l t s .  

  A hand -he ld  po r tab l e  dev ice  could  be  des ign  to  pe r fo rm the  

p reven t ive  main t enance  o f  t he  induc t ion  moto r  fo r  such  indus t r i es  

where  onl ine  moni to r ing  sys t em i s  not  implemen ted .  
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