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Introduction 

Differential magnetic field measurement method (DMFM) detects rotor 

winding inter-coil short circuits of synchronous machines and induction 

machines with slip rings. It also detects ruptures of one or more rotor 

bars and cage ring of induction machines. This method enables rotor 

winding fault detection with high sensitivity, which enables more reliable 

fault detection. 

The method is a result of numerous FEM simulations which have been tested in the laboratory 

on a real synchronous and induction machines. This patent-pending method is already 

implemented in many products placed on the market, and is fully confirmed in practice. 

The method is based on differential 

measurement of magnetic field by 

using two measurement coils. By 

measuring the voltage that is induced 

in the measuring coils, it is possible to 

unambiguously detect rotor winding 

faults. 

DMFM method enables rotor winding fault detection with high sensitivity, which enables 

more reliable fault detection. In comparison with the MCSA (motor current signature 

analysis) method, which is frequently used method for rotor cage fault detection, this new 

method gives 200 times higher sensitivity to fault occurrence. 
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Installation  

Rotor winding damage in rotating machines is 

a result of electrical, mechanical and thermal 

stress. This phenomenon occurs in synchronous 

and induction machines. On-line magnetic field 

monitoring via permanently installed  

measuring coils inside an air gap is a well-

established methodology which enables 

winding fault detection. 

 

The technical novelty of this method is a 

differential measurement of the magnetic field 

in a rotating machine with two serial connected 

measuring coils. These are installed on the 

places in the machine which have, by absolute 

value, equal magnetic vector potential. 

The measuring coils 1 and 2 are 

installed around the stator tooth or 

the stator slot wedge, and this way 

the area through which magnetic 

field is measured is strictly defined. 

With this type of installation, the 

area on which a magnetic field is 

measured is equal for both 

measuring coils, which is crucial for 

this differential measurement 

method. 

 

In some cases measuring coils can 

encompass only a section of the 

stator tooth for machines with radial 

ventilation gaps, or two identical 

measuring coils can be installed in 

the same position on the tooth. 

Typical installation of measuring 
sensor on stator tooth:  
pos. 1 – measuring coil no.1 
pos. 2 – measuring coil no.2 

Machine Fault Detection with DMFM Method 

www.koncarmonitoring.com 

http://www.koncarmonitoring.com/


5 

Normal state vs. fault condition 

In case of a fault free machine, in the measuring coils installed on the corresponding places in the 

machine, the same voltage will be induced due to the changing magnetic field of the machine. 

Therefore, the total voltage of two measuring coils, connected in series, is approximately equal to zero 

for each selected time during one turn of the machine. 

 

 In case of rotor winding damage, and at the moment of the arrival of the damaged rotor winding on 

one of the measuring coils 1 and 2, the voltages that are induced in the measuring coils 1 and 2 will 

no longer be equal. Thus the total voltage of two measuring coils connected in series will not be equal 

to zero for any chosen moment during one turn of the machine. 

 

 

Using the method with the web application- left side shows measurement signal without fault and 
right side with rotor broken bar 

By measuring the total voltage of two measuring coils 

connected in series during one turn of the machine, 

one can unambiguously detect a rotor winding failure 

in induction and synchronous machines. In addition to 

the winding failure detection, the number of rotor 

winding failures can be determined as well. By serial 

connection of the measuring coils 1 and 2, the 

magnetic field present in a machine operating without 

damage is eliminated from the measured value and 

the measured value depends only on the magnetic 

field caused by rotor winding damage. 

 

 

 

 

The method for rotor winding 
damage detection was tested by 
using Finite Element Method. 
Furthermore, the laboratory tests 
confirmed the effectiveness of this 
method through experiments on a 
synchronous and an induction 
machines. 
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This method was tested on a series of laboratory tests performed on the real machines specially 
designed for simulation of broken rotor bars, broken ring and inter-coil short circuit in a rotor 
winding.  
 
The method has been tested for the entire operating range of the machine and it successfully 
detects rotor winding damage in the entire operating range. This was also verified in the case when 
machine is powered from the frequency converter. 
 
 
 
 

 

For the purpose of the method testing numerous two and three dimensional machine models 

were created. Powerful numerical tools generate realistic results with properly selected starting 

and boundary conditions. By FEM models, actual machines with embedded measuring coils were 

created and simulated. Simulations were performed and voltage induced inside the measuring 

coils was calculated for different machine states, load point and with and without a fault (rotor 

bare rupture or inter-coil short circuit). For each computation, the run time was about 5-7 hours 

and more than 150 FEM calculations were performed for the purpose of method testing. 

Machine operating 
condition for which FEM 
calculations where 
performed. 

Test results 
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The only downside of DMFM method is the fact that machine has to be disassembled in order to install 

measuring coils. This problem is solved during the machine overhaul or during the manufacturing of the 

machine, when sensors can be easily implemented in the machine. For machines with large air gap, 

measuring coils can be installed without a machine disassembly. 

 

 

 

The most commonly used method for detection of broken rotor bars is a method based on current 

signature analysis (MCSA). In comparison with the results achieved with MCSA method, the new method 

based on differential magnetic field measurement (DMFM) gives significantly better results.  

 

 

The MCSA method requires spectral signal analysis and human factor, due to the fact that fault detection 

method is based on sideband harmonics whose frequency changes according to the machine load. The 

DMFM method successfully detects rotor winding faults even in case of very small loads and in case of 

machines operating on frequency converter which represents substantial problems for the MSCA 

method.  

Also, by using the DMFM method, faults can be detected in the time domain and there is no need for 

spectral or other complex signal analysis. This is very important because the measuring equipment 

used for machine fault detection can be simple and cost effective. The DMFM method does not require 

a complex signal analysis, resulting in cheaper measuring equipment necessary for fault detection, 

which is very important for small machines. 

Comparison with other methods 

Fault detection sensitivity for one broken rotor bar is approx. 200 times higher for DMFM method. 

With the DMFM method, a change of measured signal, in time domain, in a case of a fault occurrence 

(one broken rotor bar) is 150 %. In comparison, the MCSA method enables only 0,8 % change of 

measured signal (change in comparison with the main harmonic).  
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Applications 

Fault Detecting Smart Sensor (FDSS) 
enables detection of rotor broken bars 

and inter-coil short circuits in rotor 
winding. It is a comparator which 

triggers an output relay when measured 
voltage excides the preset value. 

This system enables fault detection, 
determination of number of faults and also fault 
positions. It can be applied to induction 
machines but also to synchronous hydro and 
turbo machines. Measurement can be permanent 
through an on-line measurement or users can 
periodically measure in order to locate the rotor 
winding faults. 

Expert motor condition monitoring 
(EMCM) is a compact monitoring 

solution for medium and high voltage 
motors. It detects key motor faults (rotor 

/stator and bearing damages) and 
extends the motor life with smart 

monitoring. All this contributes to higher 
productivity and safer production 

process. 
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This e-book describes a new patented method 

applicable to rotor winding inter-coil short circuit 

detection of synchronous machines and induction 

machines with slip rings, as well as to rupture of 

one or more rotor bars and cage rings of induction 

machines. 

 

The research shows that rotor winding faults are 

very common problem in practice. DMFM method 

enables reliable detection of these faults. The 

technical novelty of this new method is a 

differential measurement of the magnetic field 

inside the machine. Measurement is performed by 

two serial connected measuring coils, installed on 

the stator tooth inside a machine air gap.  

 

Numerous FEM models have been developed in 

order to confirm this method. The method is 

tested for wide range of fault combinations but 

also for different machine operating conditions. It 

is also confirmed by the extensive laboratory tests 

on real models for various machine loads and for 

machines operating with and without a frequency 

converter. DMFM is already implemented on many 

machines in the industry and is tested and proven. 

 

From measuring results one can conclude that this 

enables much simpler fault detection with 

significantly higher sensitivities than other 

currently used methods.  

The new method and 

performed FEM 

calculations improve 

fault detection portfolio 

knowledge that can be 

used in monitoring and 

diagnostics of rotating 

machines. 
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