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Introduction

Å Wound rotor induction generators (WRIG) are the most commonly used
type of generator in contemporary large variable speed wind turbines (WT).
Condition monitoring of these machines is important for improving WT
reliability and efficiency.

Å Common WT WRIG faults are brush gear and winding faults.

Å A common fault diagnostic method is the investigation of spectral content of
machine steady state electrical quantities - non invasive as stator windings
are used as search coils.

Å This work investigates the effect of rotor winding or brush gear unbalance
on WRIG stator current and total instantaneous power signals. The analysis
is performed for steady-state, constant speed operation as well as under
variable speed conditions representative of those encountered in a WT.

Å This research uses analytical expressions for the origins of current and
power spectra and relates these to experimental results obtained from two
different WRIG test rigs.



Å Previous research at University of Manchester provides the analytical
expressions for possible spectral frequencies in the WRIM stator current
and total instantaneous power signals for operation with balanced stator
and balanced rotor windings or a rotor windings resistive asymmetry.

Å Balanced stator and rotor windings:

Å Rotor winding unbalance:

f is the fundamental supply frequency, s is the WRIG fractional slip, 

k = 0,1,2,3,... and  l = 1,2,3,... and  j = 1,2,3,...
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Experimental tools

Manchester Test Rig



Experimental tools

Durham Test Rig

Resistive Load 
Banks (Rotor)

Control Interface;
Instrumentation;

Signal Conditioning

Wound Rotor 
Induction Generation

DC Motor (obscured)Gearbox (obscured)



Steady-state Current Spectrum
Balanced windings, Generator on-line operation

Durham Manchester
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Steady-state Current Spectrum
Rotor windings unbalanced, Generator on-line operation

Durham Manchester
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Steady-state Power Spectrum
Balanced windings, Generator on-line operation

Durham Manchester

0 50 100 150 200 250 300 350 400 450 500
10

-2

10
0

10
2

10
4

Frequency [Hz]

P
o
w

e
r 

[W
]

Durham - 1560rpm - Stator Total Power - Balanced Rotor

0 50 100 150 200 250 300 350 400 450 500
10

-2

10
0

10
2

10
4

Frequency [Hz]

P
o
w

e
r 

[W
]

Durham - 1590rpm - Stator Total Power - Balanced Rotor

0 50 100 150 200 250 300 350 400 450 500
10

-2

10
0

10
2

10
4

Frequency [Hz]

P
o
w

e
r 

[W
]

Manchester - 1560rpm - Stator Total Power - Balanced Rotor

0 50 100 150 200 250 300 350 400 450 500
10

-2

10
0

10
2

10
4

Frequency [Hz]

P
o
w

e
r 

[W
]

Manchester - 1590rpm - Stator Total Power - Balanced Rotor

2
1

8
.1

 H
z

(a
)

3
1

8
.2

 H
z

(b
)

2
1

2
.4

 H
z

(a
)

3
1

2
.6

 H
z

(b
)

2
1

1
.3

 H
z

(a
)

3
1

1
.5

 H
z

(b
)

2
1

7
.4

 H
z

(a
)

3
1

7
.5

 H
z

(b
)



Steady-state Power Spectrum
Rotor windings unbalanced, Generator on-line operation

Durham Manchester
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Fault Frequency Selection
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Variable speed operation

Å Modern wind turbines generally operate at variable speed.

Å Durham test rig was run at transient conditions to investigate the consistency of identified
steady-state effects and evaluate their potential for fault frequency tracking.

Å The applied driving conditions are based on a detailed wind turbine model giving similar
speed variability to that found in a real turbine.

Driving conditions were scaled to

accommodate the Durham test rig design.



Experimental current spectrum for 

variable speed operation

Å Short term Fourier transform (STFT) was applied to experimental current data

Å Frequencies of interest were traced on STFT experimental data for clarity


