
 

 

 

 

 

 

 

 

MOTOR CURRENT ANALYSIS 

AND ITS APPLICATIONS 

IN INDUCTION MOTOR 

FAULT DIAGNOSIS 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

TOPICS 
v Fundamentals of motor current analysis 

. Rotor bar analysis 

. Air gap eccentricity analysis 
v Motor current measurement techniques 

v Three case histories 

v Where does this piece of the “Condition Monitoring 

Puzzle” fit? 

v Open discussion 

 

FUNDAMENTALS 
v Two “electro-magnets” 

. Rotor 

. Stator 

 

 

 
 

 

 



FUNDAMENTALS 
v For a typical 3-phase motor, the 3-phase stator windings set up a magnetic field in the air gap 

between the rotor and stator. The magnetic field travels at a synchronous speed of: 

 

 
 

v The rotor increases in speed towards the synchronous speed but settles 

slightly lower due to friction and load. 

v The difference between the “synchronous rpm” of the rotating magnetic fields 

in the stator and the actual rpm of the rotor is referred to as “SLIP”. 
 
 
 

v Electro-Mechanical Failures 

. Poor manufacturing 

. Frequent direct-on-line starts 

. Frequent stalls 

 
 
 

v Deterioration 

. The cracked bar overheats around the crack. 

. The bar breaks and arcing occurs. 

. Adjacent bars carry more current. 

. Rotor laminations can be damaged due to high thermal stresses. 
 
 
 

v Symptoms 

. Excessive heat 

. Sparking 

. Longer run-up times 

. oscillating ammeter needle 

. slower running under high load 

. unique frequency components in the phase-current. 

 

 

 

 

 

 



 

FUNDAMENTALS 
 
v Rotor Construction. Aluminum Die Cast 

 

 
 
 
 
 

v Rotor Construction 

. Butt Joint 

 
 
 
 
 
 

v Rotor Construction 

. Overlap 

 

 

 

 
 

 

 

 

 

 



 

ROTOR BAR ANALYSIS 
v Synchronous frequency is equal to twice the line frequency divided by the 

number of poles, i.e., fsync=2fline/P. 

v Slip frequency is the difference between the synchronous frequency and the 

motor running frequency, i.e., fslip=fsync - fshaft. 

v Slip ratio is defined as S= fslip / fsync. 

v The sidebands (1-2S)fline and (1+2S)fline around line frequency are major 

concerns for rotor bar problems. 

 

 

 
 
 

 
 
 

v IF YOU KNOW THE “SLIP” YOU ARE HOME FREE! 

v Slip Ratio: 

 

 
 

v “Rotor Fault” Sidebands: 

. Lower Sideband 

u (1 - [2 x Slip Ratio]) x Line Frequency 

 
. Upper Sideband 

u (1 + [2 x Slip Ratio]) x Line Frequency 

 

 

 

 

 

 



 

 

 

 

ROTOR BAR ANALYSIS 

 
v If you do not know the slip, but you know the running amps you can use “Calculated RPM”. 

v Load Ratio: 

 

 
 
 
 
 
 
 
 
 

v Calculated RPM: 

 

Synchronous RPM - 

[(Load Ratio) x (Synchronous RPM - Rated RPM)] 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



ECCENTRICITY ANALYSIS 
v Static eccentricity - a stationary minimum air gap caused by stator core ovality 

or incorrect positioning of the rotor or stator. 

v Dynamic eccentricity - a rotating minimum air gap caused by a bend shaft or 

thermal bow. 

v Either one can lead to a rub between the rotor and stator causing serious 

damage. 

v The effects of air gap eccentricity produce unique spectral pattern and can be 

identified in the motor current spectrum. 

 

 

STATIC ECCENTRICITY 
 

 

 

DYNAMIC ECCENTRICITY 

 

 
 
 
 

v Change in “Static Eccentricity” is based on the change in amplitude of a principal slot harmonic 

 

 

 

 



 

 

 
v PSH=Rotor Bars x Running Speed(HZ) + Line Frequency 

 

v “Dynamic Eccentricity” is based on the amplitude relationship of a principal 

slot harmonic and its 1 x running speed side bands: 

v Slot Frequency + Running Speed (HZ) 

v Slot Frequency - Running Speed (HZ) 

 

 

 

 
 
 
 
 
 
 
 



 
 
 
 

 
 

 

 

MOTOR CURRENT MEASUREMENT 
v Motor phase current is measured by a current transformer (CT). 

v The CT can be clamped onto the secondary circuit (preferred method) or onto 

one of the main phase leads (460 v Motors). 

v A signal conditioning unit is used to convert the measured current into 

voltage and also used for high-pass filtering for the air gap eccentricity test. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 
 

 

 

MEASUREMENT SETUP 

Main Phase Circuit 
 

CASE HISTORY I 
v A 3600 rpm induction motor driving a chiller unit didn’t function 

properly and it would trip at times. Audible sound “humming 

. sound” could be heard from the motor. 

v Motor current data was taken and processed by using 

Motormonitor. 

v The diagnosis was given as follows: “This rotor winding has 

developed several broken bars. It is recommended that this motor 

be removed from service immediately.” 

CHILLER MOTOR SPECTRUM 
 

ADDITIONAL TESTS 
v Current spectrum of three other identical chiller motors showed 

healthy condition. 

v A load variation test was performed to check whether the twice slip 

frequency sidebands were caused by broken rotor bars or by other 

. influences, such as process or mechanical. 

v When the load was decreased, the motor speed would increase and 

the slip would decrease. As a result, the twice slip sidebands would 

move toward the line frequency if they were caused by a bad rotor. 



CHILLER MOTOR SPECTRUM 

AFTER LOAD CHANGE 
 

VIBRATION MEASUREMENT 
v Pole pass frequency fp sidebands around the motor running 

speed (1xRPM) are the key area of concern. 

v Pole pass frequency fp= Pxf slip=2Sxfline 

v The sidebands in both current spectrum and vibration spectrum 

have the same spacing from the carrier frequency which is the 

line frequency in a current spectrum or the 1xRPM in a vibration 

spectrum. 

v t is very difficult to quantify the degree of severity based on the 

vibration spectrum. 

VIBRATION SPECTRUM @ 3561cpm 
 

VIBRATION SPECTRUM @ 3567cpm 

CASE I RESULT 
v Pole pass frequency sidebands: At 59.35Hz 

fp=2x(60-59.35)=1.3Hz At 59.45Hz fp=2x(60- 

59.45)=1.1Hz 

v Based on motor current and vibration data, the suspected 

motor was removed from service for repair. 

v The inspection at the motor shop revealed that 

approximately 40% of the rotor bars were broken or 

cracked on a butt joint copper bar rotor. 

 

CASE HISTORY II 
v A motor manufacturer sold 24 custom ac induction motors to a 

user. Of the 24 motors, 22 were put in service and 2 used as spares. 

v These motors were used to drive scrubber units that had to operate 

continuously to avoid significant fines. 

v After 6 months of operation, one motor in service began to draw 

excessive amperage. The inspection of the motor found several 

defective bars in the die cast rotor. 

MOTOR CURRENT ANALYSIS 
v In a panic, the 22 motors in service were immediately inspected by 

the user and two motors were found to have similar “symptoms” 

of the defective motor. 

v Per the manufacturer’s request, motor current data were taken and 

analyzed. 



v Of 22 motors, 21 were in a healthy condition. Only one “had 

developed several broken bars, but no secondary damage should 

occur due to aluminum die cast rotor.” 

v This motor was not one of the two motors. 

 

MOTOR CURRENT SPECTRUM 

AT 86% OF FULL LOAD 

FURTHER TESTING 
v Three suspected motors (two from the user testing and one 

indicated by Motormonitor. ) were tested again at a higher load. 

v The test was conducted at 110% of full load and motor running 

speed at 1775 rpm was confirmed by using a laser tach. 

v The results were consistent and the one indicated by Motormonitor 

showed once again high level of sidebands. 

v Vibration data of three motors showed almost identical levels which 

were not significant. 

 

MOTOR CURRENT SPECTRUM 

AT 110% OF FULL LOAD 

CASE II RESULT 
v Motor manufacturer started to make two new spare motors for 

. replacement. 

v The suspected motor was recommended to operate continuously 

without stopping to avoid extremely high current levels at motor 

start-up. No secondary damage should occur because of die cast 

. rotor. 

v The suspected motor was removed as soon as the new spare 

motors arrived. The inspection found that among 57 rotor bars 

33 were defective in some manner. 

 

CASE HISTORY III 
v A Motormonitor customer reported that the motor current test 

results seemed “conflicting.” 

v The motor current data had been taken on this motor for almost 

wo years and MM always indicated a rotor fault index of 0.15. 

v MM indicated a serious rotor problem with RFI of 1.16 in the 

most recent survey. 

MOTOR NAMEPLATE INFO 
v Rated RPM: 889 

v Line Frequency: 60 Hz 



v Poles: 8 

v Power: 2500 HP 

v Volts: 4160 

v Full Load Amps: 313 

v Efficiency: 92% 

v Power Factor: 0.89 

v No Load Amps: 109 

v Construction: Copper Bar Butt Joint  

TREND ROTOR FAULT INDEX 

MOTOR CURRENT DATA 
Date 
Rotor 
Fault 
Index 

Running 
Amps 

dB 
Difference 

8/4/95 0.12 340 62 dB 
11/3/95 1.16 251 45 dB  

MOTOR CURRENT SPECTRUM 

MEASURED ON 11/6/95 

PROBLEM DIAGNOSIS 
v The data suggested that the RFI decreased as the running amps 

 (load) increased. Generally, the fault sidebands will increase when 

load increases for a defective rotor. 

v The correlation between dB difference and RFI was consistent 

because the running amps are normalized by the full load amps in 

Motormonitor. 

v Although typical fault sidebands appeared in the current spectrum, 

they were influenced by “pole modulation”. 

 

POLE MODULATION 
v In a fluted rotor, if the number of flutes are equal to the number of 

poles, there will be a number of times when the flutes of the rotor 

are lined up with the poles of the magnetic field. When it occurs, 

the bulk of the flux will pass through the flutes rather than through 

the rotor conductors. 

v This effect will cause oscillations in motor output torque and speed 

with frequency at 2Sf line Hz, , which is the same as that of the twice 



slip sidebands induced by a bad rotor. 

A FLUTED ROTOR 
 

A FLUTED ROTOR IN A ROTATING 

MAGNETIC FIELD 
At (a) and (c): max flux pass through the flutes; At (b) and 

 (d): max flux pass through the rotor conductor 

CASE III RESULT 
v Motor vendor was contacted and it was confirmed that this 

particular motor had 8 flutes in the rotor. 

v The number of poles (8) was equal to the number of flutes. 

v The sidebands in the motor current spectrum were influenced by 

pole modulation. 

v This motor usually ran at 320~340 amps. It was simply by 

coincidence that it was running at a very low load when the 

customer tested it and was alerted to the problem. 

 

SUMMARY OF CASE HISTORIES 
v Motor current analysis can effectively detect broken rotor bars and other high 

resistance faults. Load variation test can be performed to verify the cause of 

sidebands. 

v Sometimes, the broken bar problem may not be evident in the vibration data 

but appeared consistently in the current spectrum. 

v In the case of fluted rotors, the sidebands in a current spectrum may be 

influenced by pole modulation. 

Where does motor current testing fit in a 

condition monitoring program? 
v Approximately 10% of motor failures are rotor related 

v Significant threat of secondary damage. 

v Most motors are healthy 

v On-line non-intrusive test 

v Easy to do - data collector 

Where does motor current testing fit in a 

condition monitoring program? 
v Expert software is available 

v Testing done once a year on healthy motors. 

v Acceptance testing 

v It is a “complimentary technology”, most effectively used in conjunction with 

an “off line” motor testing technique and other technologies. 



 

Additional Tips 
v Know what rotor construction you are dealing with. 

v Beware of mechanical influences. 

v If you think you might have a defective rotor - don’t panic - don’t stop it. 

 
 


