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Abstract---The  Motor  Current  Signature  Analysis 
(MCSA) is considered the most popular fault detection 
method  now a  day  because  it  can  easily  detect  the 
common machine fault such as turn to turn short ckt, 
cracked /broken rotor bars, bearing deterioration etc. 
The  present  paper  discusses  the  fundamentals  of 
Motor  Current  Signature  Analysis  (MCSA)  plus 
condition  monitoring  of  the  induction  motor  using 
MCSA.  In  addition,  this  paper  presents  four  case 
studies of induction motor fault diagnosis. The results 
show that  Motor  current  signature  analysis  (MCSA) 
can effectively detect abnormal operating conditions in 
induction motor applications.

I. INTRODUCTION

nduction motors  are  a  critical  component  of 
many industrial processes and are frequently 

integrated  in commercially available equipment 
and  industrial  processes.  Motor-driven 
equipment  often  provide  core  capabilities 
essential  to  business  success  and  to  safety  of 
equipment  and  personnel.  There  are  many 
published  techniques  and  many  commercially 
available  tools  to  monitor  induction  motors  to 
insure a high degree of reliability uptime. In spite 
of  these  tools,  many companies  are  still  faced 
with  unexpected  system  failures  and  reduced 
motor  lifetime.  The  studies  of  induction  motor 
behavior  during  abnormal  conditions  and  the 
possibility  to  diagnose  these  conditions  have 
been  a  challenging  topic  for  many  electrical 
machine  researchers.  The  major  faults  of 
electrical  machines can broadly be classified as 
the following [1]:

I

anuscript  Received  April  16,  2007;  Revised 
Received August 14, 2007. The authors are with the 

National  Institute  of  Technology,  Kurukshetra,  Haryana, 
India

M

• Stator faults resulting in the opening or 
shorting of one or more of a stator phase 
windings,

• Abnormal  connection  of  the  stator 
windings,

• Broken rotor bar or cracked rotor end-
rings.

• Static  and/or  dynamic  air-gap 
irregularities,

• Bent  shaft  (akin  to  dynamic 
eccentricity)  which can  result  in  a  rub 
between  the  rotor  and   stator,  causing 
serious  damage  to  stator  core  and 
windings. 

In  recent  years,  intensive  research  [3-7]  effort 
has been focused on the technique of monitoring 
and diagnosis of electrical machines and can be 
summarized as follows,

• Time and frequency domain analysis.
•  Time  domain  analysis  of  the 

electromagnetic torque and flux phasor.
• Temperature  measurement,  infrared 

recognition,  radio  frequency  (RF) 
emission monitoring,

• Motor  current  signature  analysis 
(MCSA)

• Detection  by  space  vector  angular 
fluctuation (SVAF)

• Noise and vibration monitoring,
• Acoustic noise measurements,
• Harmonic analysis of motor torque and 

speed,
• Model, artificial intelligence and neural 

network based techniques.
Of all the above techniques, MCSA is the best 
possible option: it is non-intrusive and uses the 
stator  winding  as  the  search  coil;  It  is  not 
affected  by  the  type  of  load  and  other 
asymmetries. 
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II. MOTOR CURRENT SIGNATURE 
ANALYSIS

Motor Current Signature Analysis (MCSA) is a 
system used for analyzing or trending dynamic, 
energized  systems.  Proper  analysis  of  MCSA 
results assists the technician in identifying:
1. Incoming winding health
2. Stator winding health
3. Rotor Health
4. Air gap static and dynamic eccentricity
5. Coupling health,  including direct,  belted and 
geared systems
6. Load issues
7. System load and efficiency
8. Bearing health

III. BASIC STEPS FOR ANALYSIS

There are a number of simple steps that can be 
used for analysis using MCSA. The steps are as 
follow:
1.  Map  out  an  overview  of  the  system  being 
analyzed.
2. Determine the complaints related to the system 
in  question.  For  instance,  is  there  reason  for 
analysis  due  to  improper  operation  of  the 
equipment, etc. and is there other data that can be 
used in an analysis.
3. Take data.
4. Review data and analyze:

• Review  the  10  second  snapshot  of 
current  to view the operation over that 
time period.

• Review  low  frequency  demodulated 
current  to  view  the  condition  of  the 
rotor  and  identify  any  load-related 
issues.

• Review  high  frequency  demodulated 
current  and  voltage  in  order  to 
determine  other  faults  including 
electrical and mechanical health.

IV. FAULT DETECTION

a) Detection of broken bars 
It  is  well  known  that  a  3-phase  symmetrical 
stator  winding  fed  from  a  symmetrical  supply 
with  frequency  f 1,  will  produce  a  resultant 
forward  rotating magnetic  field  at  synchronous 
speed and if exact symmetry exists there will be 
no  resultant  backward  rotating  field.  Any 
asymmetry  of  the  supply  or  stator  winding 
impedances  will  cause  a  resultant  backward 
rotating  field  from  the  stator  winding.  When 
applying  the  same  rotating  magnetic  field 
fundamentals  to  the  rotor  winding,  the  first 

difference compared to the stator winding is that 
the  frequency  of  the  induced  electro-magnetic 
force and current in the rotor winding is at slip 
frequency,  i.e  s.f1  ,  and  not  at  the  supply 
frequency.  The rotor currents in a cage winding 
produce an effective 3-phase magnetic field with 
the same number of poles as the stator field but 
rotating at slip frequency f2= s.f1  with respect to 
the  rotating  rotor.  With  a  symmetrical  cage 
winding, only a forward rotating field exists. If 
rotor asymmetry occurs then there will also be a 
resultant  backward  rotating  field  at  slip 
frequency  with  respect  to  the  forward  rotating 
rotor.  As  a  result,  the  backward  rotating  field 
with respect  to  the rotor  induces  an e.m.f.  and 
current in the stator winding at:

Fsb=f1 (1-2s) HZ         (1)                                    

This  is  referred  to  as  the  lower  twice  slip 
frequency  sideband  due  to  broken  rotor  bars. 
There  is  therefore  a  cyclic  variation of  current 
that  causes  a  torque  pulsation  at  twice  slip 
frequency  (2sf1)  and  a  corresponding  speed 
oscillation, which is also a function of the drive 
inertia.  This  speed  oscillation  can  reduce  the 
magnitude (amps) of the f1(1-2s) sideband but an 
upper sideband current component at f1(1+2s) is 
induced  in  the  stator  winding  due  to  rotor 
oscillation. The upper sideband is  enhanced by 
the third time harmonic flux. Broken rotor bars 
therefore  result  in  current  components  being 
induced  in  the  stator  winding  at  frequencies 
given by [8]:

fsb =f1(1±2s) Hz                                         (2)

These  are  the  classical  twice  slip  frequency 
sidebands due to broken rotor bars. 

b) Detection of air gap eccentricity: 
Air-gap  eccentricity  in  electrical  machines  can 
occur  as  static  or  dynamic  eccentricity.  Static 
eccentricity is defined as a stationary minimum 
air-gap. This can be caused by stator core ovality 
or incorrect  positioning of the rotor or stator at 
the  commissioning  stage.  At  the  position  of 
minimum  air-gap  there  is  an  unbalanced 
magnetic pull which tries to deflect the rotor thus 
increasing  the  amount  of  air-gap  eccentricity. 
Dynamic  eccentricity  is  defined  as  a  rotating 
minimum  air-gap.  It  can  be  caused  by  a  bent 
shaft,  mechanical  resonances  at  critical  speeds, 
or bearing wear. Either can lead to a rub between 
the rotor and stator causing serious damage to the 
machine.  The  effects  of  air-gap  eccentricity 
produce  unique  spectral  patterns  and  can  be 
identified in the current spectrum. The analysis is 
based on the rotating wave approach whereby the 
magnetic flux waves in the air-gap are taken as 
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the  product  of  permeance  and  magnetomotive 
force (MMF) waves. 

c)  Detection  of  shorted  turns  in  LV  stator 
winding
The  objective  is  to  reliably  identify  current 
components in the stator winding that are only a 
function of shorted turns and are not due to any 
other problem or mechanical drive characteristic. 
There has been a range of papers published on 
the analysis of air gap and axial flux signals to 
detect shorted turns and the detailed mathematics 
can be found in the references [9-10]. 

d)  Detection of mechanical influences
Changes in air gap eccentricity results in changes 
in  the  air  gap  flux  waveform.  With  dynamic 
eccentricity the rotor position can vary and any 
oscillation in the radial air gap length results in 
variations in the air gap flux. Consequently this 
can  induce  stator  current  components  given  by 
[11-13]:

re fmff ×±= 1                               (3) 

Where
f1 = supply frequency
fr = rotational speed frequency of the rotor
m = 1,2,3.............harmonic number
fe = current components due to air gap changes
This means that problems such as shaft/coupling 
misalignment,  bearing  wear,  roller  element 
bearing  defects  and  mechanical  problems  that 
result  in  dynamic  rotor  disturbances  can  be 
potentially detected due to changes in the current 
spectrum.

e) Influence of gearboxes
Mechanical oscillations will give rise to 

additional  current  components  in  the frequency 
spectrum.  Gearboxes  may  also  give  rise  to 
current  components  of  frequencies  close  to  or 
similar  to  those  of  broken  bar  components. 
Hence, to perform a reliable diagnosis of a rotor 
winding for motors connected to a gearbox, the 
influence of gearbox components in the spectrum 
need be considered. Specifically, slow revolving 
shafts  will  give  rise  to  current  components 
around the main supply frequency components as 
prescribed  by equation (5)  where the rotational 
speed  frequency  of  the  shaft,  rotating  with  Nr 
rpm, may be calculated as:

60
r

r
Nf =                            (4)

V. CASE STUDIES

Case I: Current spectrum of a healthy motor 
A  100  HP,  440  V  standard  efficient  motor 
driving  a  pump  was  tested  in  sugar  mill.  The 
motor was operating at 95 Amps, corresponding 
to  approximately  75% full  load.  The  full  load 
speed  was  1775  rpm  yielding  a  frequency 
interval of 48.55 Hz to 51.77 Hz for detection of 
broken  rotor  bars.  Figure  1  shows  part  of  the 
frequency  resolved  current  spectrum  for  the 
motor.  The spectrum is completely free of any 
current  components  around  the  main  supply 
frequency,  f1,  and  consequently,  the  frequency 
range in which current components due to broken 
rotor  bars  are  expected  are  empty.  The  motor 
thus shows no signs of broken rotor bars. 

Case II: Rotor Asymmetry
Rotor asymmetry was detected in a 50 

HP,  440  volt  operating  in  sugar  mill  during 
quality  control  analysis  using  MCSA.  The  full 
load  speed  is  940  rpm  yielding  a  frequency 
interval of 48.55 Hz to 51.66 Hz for detection of 
broken rotor bars. The motor was operating at 85 
Amps, corresponding to approximately 60% full 
load.  Based  on  the  load  conditions,  the 
instrument predicted current components due to 
broken rotor bars to be positioned at 49.0 Hz and 
51.0 Hz. A search band is applied around these 
positions. Figure 2 shows one current component 
to  be  present  in  each  search  band.  The 
components are distributed symmetrically around 
f1, as expected, but different magnitudes, 47.2dB 
and 58.0dB from the main supply frequency. The 
components are a sign of initial rotor asymmetry 
but yet not indicative of an unhealthy motor. 

Case III: Damaged Rotor
Figure  3 shows part  of  the frequency  resolved 
current spectrum for coal mill rated 440 V, 150 
HP  operating  in  a  utility  plant.  The  full  load 
speed is 955 rpm yielding a frequency interval of 
48  Hz  to  52  Hz  for  detection  of  broken  rotor 
bars. Based on the supply current, the instrument 
predicted sidebands due to broken rotor bars to 
be positioned at 49.70 Hz and 50.57 Hz. These 
frequency  positions  are  close  to  that  of  the 
supply  frequency.  Figure  3  show  the  supply 
frequency  to  have  a  somewhat  wide  declining 
current component. This is caused by the motor 
being subjected to smaller  changes in load, i.e. 
smaller  changes  in  supply  current,  during  the 
data  acquisition  process.  However,  the  peak 
detection algorithms embedded in the instrument 
was  able  to  detect  the  declining  slopes  of  the 
supply frequency within the applied search bands 
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Figure 1: Current spectrum of a healthy motor.

Figure 2: Motor Current spectrum showing signs of initial rotor asymmetry.
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Figure 3: Motor Current spectrum with a damaged rotor

and thus disregard these slopes from the analysis 
thereby  correctly  identifying  the  current 
components due to broken rotor bars.

Case IV: Fault in gear box
Figure  4 shows part  of  the frequency  resolved 
current spectrum for coal mill rated 440 V, 240 
HP  operating  in  a  utility  plant.  The  full  load 
speed is 885 rpm yielding a frequency interval of 
48  Hz  to  52  Hz  for  detection  of  broken  rotor 
bars. The motor is driving a coal mill through a 
three-stage  reduction  gearbox,  i.e.  the  gearbox 
thus contains  three shafts.  The output speed of 

the gearbox at full load conditions is 18.46 rpm 
and  the  individual  shaft  speeds  internal  to  the 
gearbox are  48.60 rpm and 135.78 rpm at  full 
load conditions.

The  fundamental  rotational  speed 
frequencies  for  these  shafts  at  full  load 
conditions  are  0.28  Hz,  0.75  Hz  and  2.68  Hz 
respectively.  Since part  of the spectrum, which 
may contain current  components due to broken 
rotor  bars,  span from 48Hz to 52 Hz, only the 
last two reduction stages may give rise to a series 
of current components in the part of the current

Figure 4: Motor Current spectrum of healthy motor with a gearbox.
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spectrum  where  broken  rotor  bar  components 
may  be  present.  Specifically,  two  components 
may  be  found  in  the  upper  and  lower  search 
band.
The  motor  was  operating  at  200  Amp 
corresponding to approximately 80% load. Based 
on the gearbox name-plate data,  the instrument 
was  able  to  correctly  identify  the  current 
components caused by the shafts in the gearbox. 
The positions of these components are displayed 
in  Figure  4.  As  can  be  seen,  the  two  current 
components  in  each  search  band  are  indeed 
caused  by  the  gearbox.  Specifically,  the  two 
components  in  each  search  band  are  a  4th 

harmonic from the 3rd reduction stage  and the 
2nd  harmonic  from  the  2nd  reduction  stage. 
Since the current components in the search band 
are  caused  by  the  gearbox  and  not  by  the 
presence  of  broken  rotor  bars,  the  motor  was 
diagnosed as not being subjected to broken rotor 
bars.  This  example  clearly  demonstrates  that 
gearbox components need be correctly identified 
and omitted from the analysis. If the influence of 
gearbox  components  is  not  considered  when 
identifying  the,  presence  of  broken  rotor  bar 
current  components  in  the  current  spectrum, 
otherwise  healthy machines  may be  incorrectly 
diagnosed as unhealthy.

VI. CONCLUSION

Motor Current Signature Analysis is an electric 
machinery monitoring technology.  It  provides a 
highly  sensitive,  selective,  and  cost-effective 

means for online monitoring of a wide variety of 
heavy industrial machinery. It has been used as a 
test method to improve the motor bearing wear 
assessment for inaccessible motors during plant 
operation. This technique can be fairly simple, or 
complicated, depending on the system available 
for  data  collection  and  evaluation.  MCSA 
technology can be used in conjunction with other 
technologies,  such as  motor  circuit  analysis,  in 
order  to  provide  a  complete  overview  of  the 
motor circuit. The result of using MCSA as part 
of motor diagnostics program is a complete view 
of motor system health. 

This  paper  discusses  the  fundamentals 
of  MCSA  and  demonstrates  through  industrial 
case  studies,  how  motor  current  signature 
analysis  can  reliably  diagnose  rotor  cage 
problems in induction motor drives. Traditional 
methods  of  measurements  can  result  in  false 
alarms and/or misdiagnosis of healthy machines 
due  to  the  presence  of  current  frequency 
components in the stator current  resulting from 
non-rotor related conditions such as mechanical 
load  fluctuations,  gearboxes,  etc.  Theoretical 
advancements  have  now  made  it  possible  to 
predict many of these components, thus making 
MCSA testing a much more robust and less error 
prone  technology.  Based  on  these  theoretical 
developments,  case studies are presented which 
demonstrate  the  ability  to  separate  current 
components  resulting  from  mechanical 
gearboxes from those resulting from broken rotor 
bars.  The  case  studies  show  that  MCSA  can 
effectively  detect  broken  rotor  bars  and  other 
high resistance faults.
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