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STATOR CORE FAULTS DETECTION WITH LOW FLUX 
DENSITY METHOD  

Rodica ZLATANOVICI1, Dan ZLATANOVICI2 

          The detection of the electric generator stator core faults is traditionally 
performed by high flux density testing which consists in introducing a magnetic flux 
density of about 1.0 -1.5 T  into the core and measuring the temperature. The low 
flux density iron core test consists in introducing a low flux density of 0.2-0.3 T and 
the determination of the eddy currents produced by possible fault. The paper 
describes this method, presents the theoretical basis and the evaluation criteria.  
Further, a comparison between the two cases is made based on an actual case by 
means of the two methods, the high and low flux density one. Finally, the results of 
the measurements of several hydro and turbo generators are presented 
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1. Introducere 

The stator core of the electric generators is made up of a great number of thin 
iron sheets (laminations) with oriented crystals (cold laminated), insulated one from 
another in order to diminish losses due to eddy currents (Foucault). The sheet 
assembly is strengthened by a system of wedges that go through the stator yoke and 
rings or pressure plates.  During operation, due to the thermal, mechanical 
(vibrations) and magnetic stresses, minor faults of the insulation between the sheets 
deep in the core may occur as a result of the ageing effects causing sheet short-
circuiting. At the same time, mechanical accidents (impacts, frictions) that may 
cause short-circuit in the part towards the air gap of the sheets may occur. These 
minor internal or surface faults can lead to a significant increase in the eddy currents 
circulating in the respective area that will cause dangerous heating increases 
leading even to iron melting and destroying insulation of the adjacent stator bars. 

Stator core faults can be detected only with the rotor taken out, either by 
means of the high flux density or the low flux density methods. 

In principle, the high flux density method consists in exciting the stator 
core by a magnetic flux density of about 80% of the rated flux density, 1 – 1. 4 T 
respectively, and detecting the faults in the iron by their thermal effect; at the fault 
location there occurs a high local heating in comparison with the average 
temperature of the rest of stator core. At present, the measurement of the core 
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heating is performed by means of the infrared measurement devices. The method has 
a number of disadvantages among which the fact that it requires a high power supply 
source for supplying the excitation winding made up of several windings of a cable 
adequately dimensioned so that to correspond to the used current that is difficult to 
get and handle. For example a 330 MW turbo generator, or a 50 MW hydro 
generator, require a transformer of about 4 MVA, 6.3 kV . At the same time, the 
heating determination should be performed very quickly so that the former do not 
disperse and for avoiding the possible expansion of the existing faults or the 
occurrence of new ones as during the test the core is not ventilated. Another 
disadvantage is limitation of detection, mainly of the surface faults and the fact that it 
is practical impossible to detect the faults that are located deeper in the slot walls or 
even in the stator yoke. 

In principle, the low flux density method consists in exciting the stator core 
by a magnetic flux density of about 4 % of the rated magnetic flux density in the 
stator yoke, 0.04÷0.06 T, respectively, and detecting the iron faults by means of 
the electromagnetic effect, using a measurement transducer of the “Chattock 
magnetic potentiometer” type.  The test requires a 20-50 A adjustable supply 
source and the excitation coil is made up of several windings of the flexible 
connection cable of glazed copper, with a 6mm2 cross section, insulated with 
PVC. At the same time the method enables the detection of the superficial faults 
of the stator core, but also of those on the stator teeth or at the bottom of the slots or 
in the stator yoke. During the test no heating of the iron occur.  

2. The theoretical basis of the low flux density theory  

The low flux density method for performing the iron test  [1,2,3] is base 
don the law of the magnetic circuit (Ampere’ theorem), applied to a closed 
contour including a part in the iron with a fault, and made up of two adjacent teeth 
and the adjacent stator yoke and a part through the air (fig.1). The fault current Id 
circulates perpendicularly to the sheet plane.  
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As iron magnetic permeability is very high in comparison with that of the 
air, the term through the iron can be disregar 
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Fig. 1. Chattock potentiometer position on the stator teeth. 

 
The Chattock potentiometer consisting of a long thin solenoid, wired with 

very thin copper wire on a non-ferrous flexible support, enables the measurement 
of the magnetic potential difference between the farthest corners of the adjacent 
teeth, the electromagnetic field produced in the air by the fault current, 
respectively.   

The excitation winding placed on the stator as in fig. 2 is supplied and 
traversed by the excitation current ie that generates a magnetic flux with 
circumferential circulation, variable  with time. This variable with time flux 
induces the voltage ue  in the stator iron along its length:  

 
tsinI2i ee ω=             (3) 
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where  L  is the core inductivity. 

As the core is entirely non-saturated, the dispersion inductivity can be 
considered null.  

The fault current (perpendicular to the faulty sheet plane) generates a 
reaction flux - the fault flux Φd - , that is in phase with this current. The fault flux 
induces a voltage in the fault area considered as a series circuit: 
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where:  lFe is the length of the stator core 

 ld   -  length of the fault zone  
 Rd  - resistance of the fault zone 
 Ld  - inductivity of the fault zone 
  id   - fault current  
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Fig.2. Excitation winding positioning 1-stator core;  
2-excitation winding; 3-circumferential induced flux. 

 
Solving the RL fault circuit for the fault current there results the 

expression: 
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and as Rd>>ωLd , the terms ωLd  can be overlooked 
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The fault current idq is in the phase quadrature with the excitation current ie 

(fig. 3)                  

 
 

Fig.3. Phasor diagram 
Φe – flux generated by the excitation current ; Id – actual fault current;  

Idq – fault current in the quadrature; Ud – voltage induced in the faulty sheets. 
 

The reaction flux (fault flux) produced by the fault current, in phase with 
the former and, therefore, in quadrature with the excitation current is summed up 
with the flux produced by the excitation current, in phase with it. This total flux 
will induce a voltage of the following form in the Chattock coil: 
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Through the coil without iron core of the potentiometer will circulate a 

current of the form: 
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Even if there is no fault present, in the measurement transducer a high 

value voltage is nevertheless induced due to the excitation magnetic flux; in the 
presence of a fault, the excitation flux is much higher than the flux of any fault 
current that could be detected. This voltage is eliminated by a phase detector that 
measures the instantaneous amplitude of the voltage induced in the measurement 
transducer when the excitation flux passes through zero; this represents the very 
fault voltage amplitude. 

In these conditions, besides the signal from the measurement transducer, a 
second signal to indicate the phase of the excitation magnetic flux is required. 
This signal is given by a reference coil (with the magnetic core of sheets) that is 
fixed by means of permanent magnets inside the stator core so that to short-circuit 
the excitation magnetic flux from between two adjacent teeth. 

3. The measurement and diagnosis method  

The excitation winding of the stator core is made in the following way: 
- for turbo generators – the concentrated - winding type, made up of a single 
bundle of about 7 wire turns; in the interior part of the stator the excitation 
winding should be positioned in the middle, along the longitudinal axis, by means 
of some supporting insulating elements; in the exterior part of the stator the 
bundle of wire turns is positioned by (along) the casing;  
- for hydro generators – the distributed winding type, in 3÷6 equidistant bundles 
of about 7 turns of wire according to the size of the hydro generator stator and the 
excitation current necessary for obtaining a 4% flux density from the rated flux 
density; in the interior and the exterior part of the stator the bundle of wire turns is 
positioned by the core and the casing, respectively.  

 
Fig.4. Positioning of the excitation winding 

a – for turbo generators; b - for hydro generators. 



212                                                   Rodica Zlatanovici, Dan Zlatanovici 

A measurement winding with only one turn of wire, whose route is 
parallel to the route of the excitation winding that is connected to an AC voltmeter 
is performed for measuring the excitation voltage Ue. 

A reference coil is fixed directly to the iron core on the iron gap side, to an 
end so that to short circuit two adjacent teeth. It is a small-size coil, with 
ferromagnetic core, that will supply a reference voltage in phase with the 
excitation flux.  

A Chattock measurement transducer of an adequate length chosen so that to 
include two teeth between its extremities is fixed on a wheel chart with an adjustable 
transversal distance that enables its movement on the adjacent teeth. On the same 
wheel chart there is also a position transducer. 

By means of the Chattock transducer an operator will scan in turn each 
pair of teeth corresponding to a slot in longitudinal direction. In the hydro 
generators case, the slots are scanner in the zones between the excitation coils (up 
to a distance of minimum 10 slots against the coil). Then, the position of the three 
excitation coils is changed and the rest of the slots are scanned. In the hydro 
generator case there is also the issue of the parallel separation planes between the 
stator sectors (if the latter is designed accordingly). Due to the deformation of the 
excitation flux when crossing the separation the planes through the increase in the 
leakage flux this will have higher values and, thus, the measurement transducer 
will implicitly measure higher values. That is why the slots where the separation 
planes are positioned will be scanned separately. 

The signals from the Chattock transducer are processed by conditioning 
equipment (signal amplifier with variable amplification and filtering block), are 
acquired and processed by a laptop by jeans of the virtual instruments and display 
the fault current or voltage values and the corresponding position in graphical and 
numerical form. 

The measured values should be measured and analyzed by the value and 
form of the registered signal by comparison between two adjacent teeth for 
identifying the existing faults.  

In the absence of any faults, the form of the signal is flat, with no peaks, 
and the current values range between 0 and +/- 20 mA and the voltage between 0 
and +/- 50 mV.   

In case of a fault occurrence, the signal is peak-shaped (pulse), positive or 
negative, and has values higher than 100 mA, 250 mV, respectively. These values 
correspond to an over temperature higher than de 15 °C against the average value 
of the core area, generated by a fault, during the high flux density test. 

Fig. 5 and 6 presents the basic forms, standard for the signals that indicate 
the presence of a fault in correspondence with fault location [3,4,5,6]. According 
to the shape and polarity of the signal the fault can be located on the surface or 
deep in the tooth, in radial direction  as follows: 
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- the positive polarity signals and the similar amplitude for the slots delimiting 
a tooth (slots 3 and 4) indicate a fault on the tooth top (A) 

- signals of opposite polarity and similar amplitude for the two slots delimiting 
a tooth (slots 3 and 4) indicate a fault on the side of the tooth under the corner (B) 
towards the spot with positive signal  

- positive signal on only one spot of the two delimiting a tooth (slot 4) 
indicates a fault on the wall of the tooth near to its basis (C) 

- negative polarity signals and similar amplitude for the two slots delimiting a 
tooth (slots 3 and 4) indicate a fault in the stator yoke in front of the spot with the 
highest amplitude (D)  

 

 
 

Fig.5. Basic forms of the Chattock signal. 
 

 
Fig. 6. Fault location. 

 
4. Comparative measurements by means of the two methods, low and 

high flux density  
 
In 1997, a powerful blow on the tooth between the slots 57 and 58, stack 

12, was noticed  at a vertical 90 MVA, 15.75 kV, 600 rot/min, 180 slots, 40 stacks 
of sheets (lFe=2140 mm) hydro generator, after the rotor had been taken out after a 
connection to the stator frame. The stator core was verified by means of the low 
flux density method at the institute ICEMENERG and by the high flux density 
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test at the manufacturer’s. The low flux density test was performed by an flux 
density of 5% of the rated flux density, a new method at the time, while the flux 
density used with the high flux density method was 1.4 T.  Fig.7 presents the 
diagrams for the surface fault in the case of the low flux density method.  

 
Fig 7 Diagram of the surface fault ( slots 57 and 58) 

Ud=f (no.stack)  for the low flux density test ;      visible blow on the stack 12. 
 

The diagram points out the fault voltage on the two slots is positive and it 
measures 480 mV (the value of the excitation voltage was about 150 mV). Fig.8 
presents the infrared photograph of the same fault by means of the low flux 
density method.  

 

 
 

Fig. 8. Infrared photograph of the surface fault, 
high flux density test. 

 
On this occasion, it was noticed that during the low flux density test the 

majority of the frontal sheet stacks from the upper and lower part of the generator 
displayed fault voltages in the 300- 500 mV (fig.9) range, a fact that was 
confirmed by the high flux density test (fig.10). 

During the visual inspection of the respective sheet stacks, it was noticed 
that the paint on the pressing fingers was burnt and that they, as well as partially 
the sheets under them had oxidized in the retracted step area. It was also noticed 
that the pressing fingers had been manufactured of magnetic steel instead of non-
magnetic. When the generator was in operation, the pressing fingers got very hot 
due to the axial magnetic field existing in the area, heat that was transmitted 
through conduction to the teeth that they were pressing on and therefore 
deteriorating the insulation of the respective stacks. During the low flux density 
test another fault in the stator yoke was detected.  
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Fig.9. Diagram of frontal stack faults, 

Ud=f (no. of slots), by low flux density method. 
 

 
 

Fig 10 Infrared photograph of the frontal packages  
during the high flux density test. 

 
 

5. Examples of faults detected in the generator stators existing in the 
national power system  

 
In the course of time, numerous tests of the iron by means of the low flux 

density method have been made. The tests were performed on different occasions: 
- prophylactic, during maintenance works of  the  4 or 3 levels or after 
breakdowns of the stator winding  
- when some blows are detected on the stator core on the side towards the air gap 
before and after the repair. 

As regards the prophylactic tests, the verdict was “no faults in the stator 
iron” in most of the cases. Nevertheless, faults on the slot wall or at the bottom of 
the slot have ben sometimes detected. Most of the faults in the iron are caused by 
the blows given by parts that have detached from the rotor, such as the balance 
weights, nuts, etc. or blows that occur when the rotor is taken out, due to 
balancing or friction.  

 
5.1. Fault on the surface of a 60 MW turbo generator  

 
The fault occurred during taking out of the rotor when it hit the stator 

when it balanced, crushing 10 sheet stacks from 3 teeth. Table 1 presents the teeth 
with the deteriorated sheet stacks, the maximum value of the fault voltage and the 
corresponding equivalent temperature. 
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                                                                             Table 1 
Tooth between 

slots 
Stack 
no. 

Ufault  max 
(V) 

Tequivalent 
(oC) 

42 - 1 2 - 4 0,600 17 - 36 
1 - 2 4 - 5 0,350 17 - 21 
6 - 7 3 - 7 0,600 17 - 36 

 
Fig. 11 points out that the fault on the tooth between the slots 1-2 is 

smaller than the faults on the teeth between the slots 42-1 and 6-7. 
 

 

 
 

Fig.11. Diagrams of the surface faultsat TG 60 MW. 
 

5.2. Fault at the basis of the slot of a 60 MW turbo generator  
 

During a prophylactic test, a fault at the tooth basis was detected. The 
stator bars were taken out from the respective slots and a molten thermoresistance 
that had short-circuited the sheets at the basis of slot no. 1 was found. 
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Fig.12. Diagrams of a surface fault at a 60 MW TG. 
 
5.3. Fault in the separation plane of a 75 MW hydro generator 

 
During a prophylactic test a fault in the separation plane from slot 30 

(fig.13) was detected. In the case of the separation, excitation voltage is also 
noticed (in the quadrature with the fault voltage and which is usually eliminated). 
If there are faults in the separation faults (fig.14), the fault voltage has the same 
aspect as the excitation voltage. If a fault is detected, the fault voltage has peaks 
that do not appear in the case of the excitation voltage. 

 
 

Fig.13. Diagram of the separation plane fault of a 75 MW HG. 
 

 
Fig.14. Diagram of a faultless separation plane. 
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6. Conclusions 

The low flux density method is simpler, easier to use and enables both the 
detection of the deep tooth faults and of the stator yoke ones. The method can be 
used for the fault repair monitoring without disturbing the repair works.   

The high flux density method is more difficult to use as the test preparation 
presupposes handling of high voltage cables that are heavy and long and of the 
power transformers. The measurement itself is simple and can be performed by 
means of an infrared sighting apparatus. Moreover, this method does not detect 
only the surface faults. After the test completion a long period of time is required 
for the core to cool.  
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