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1. The relationship between torque and 
electrical power in a wind turbineelectrical power in a wind turbine

s m sP T Stator electrical power is proportional to mechanical torque applied to rotor: 
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1.The relationship between torque and 
electrical power in a wind turbine
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For a loss less generator the mechanical equation is:
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J : Combined rotor and wind turbine inertia coefficient In steady state at fixed speed for a lossless generatorJ : Combined rotor and wind turbine inertia coefficient In steady-state at fixed speed for a lossless generator
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2. Failure frequencies of some wind 
turbine mechanical componentsp

(a) Pulsating torques

General electrical expression for pulsating torques due to load variation, rotor winding 
defects and rotor eccentricity  
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(b) Blade-passing torque frequencies
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(b) Blade passing torque frequencies
Aero-dynamical asymmetry, e.g. unbalanced angle of attack on blades: 

1p=1tt oscillation.
Symmetrical rotor blades: Symmetrical rotor blades: 

3p=3tt oscillation (three times the turbine rotor angular frequency )



2. Failure frequencies of some wind 
turbine mechanical componentsp

(c) Planetary gear-train torque frequencies
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3. Evidence of frequency content in speed 
and power spectra in the literaturep p

Induction motor speed variation 
signal of instantaneous angular speed (Ben Sasi et al, 2004)

Wind turbine power (Thiringer, T et al.)



4. Application to wind turbine signals

Morlet wavelet transform

Figure 1. Power data from Nordex Turbineg

Figure 2. Vibration signals due to failure modes extracted from power data using Morlet wavelet transform



4. Application to wind turbine signals 

Daily 2s frequency components of turbine spectrum of power
(i) GE turbine at Zoetermeer, South Holland
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4. Application to wind turbine signals 
Daily 2s frequency components in turbine spectrum of power

(ii) Nordex turbine 8 at Wieringermeer, Holland



5. Statistical data analysis of nacelle 
lateral vibrationslateral vibrations

Nordex turbine 8 at Wieringermeer, Holland

High nacelle lateral vibration caused by generator misalignment 



Daily frequency components in turbine power signal spectrum
4 & 5. Both Methods 

y q y p p g p
With superimposed, nacelle lateral vibrations

Nordex turbine 8 at Wieringermeer, Holland



5.    Comparison with other data
Vib i   f  P űf h ik G bHVibration measurements from Prűftechnik GmbH

Nordex turbine 8 at Wieringermeer, Holland



5.    Comparison with other data
Generator bearing temperature errorGenerator bearing temperature error

from long-term trend with time
Nordex turbine 8 at Wieringermeer, HollandNordex turbine 8 at Wieringermeer, Holland



6. Conclusions

• Electrical power can be used for condition 
monitoring of variable-speed wind turbines  see monitoring of variable speed wind turbines, see 
Jefferies and Infield.

• Power amplitude transformed by a Morlet wavelet Power amplitude transformed by a Morlet wavelet 
provides 2s vibration information relevant to 
generator failure modes in both time and 
frequency domain.

• Monthly mean model results of nacelle lateral 
ib ti  i l   f l dditi l i l f  vibration signal are a useful additional signal for 

condition monitoring.



7. Potential topics for research and 
developmentdevelopment

I ti ti   ib ti  i f ti  f i d t bi  • Investigation on vibration information of wind turbine 
failure modes in both frequency and time domain, e.g. 
spectrum of other wind turbine elements and relationship 
between physical parameters of wind turbines  between physical parameters of wind turbines. 

• Experimental proof of the frequency component theory for 
the turbine power presented

• Develop commercial software to incorporate Morlet wavelet 
transforms into the condition monitoring of turbine power 
signal.

• Develop the monthly mean analysis, demonstrated here, 
into a daily mean analysis to improve detection problems 
(See a recently developed example from Hagshaw Hill wind 
farm, e.g. daily_power_curve_monitoring.camrec)



A k l d  A k l d  Acknowledgements Acknowledgements 
We would like to acknowledge the
invaluable assistance of Professor
Prof. Peter Tavner and Mr Michael
Wilkinson for information andWilkinson for information and
discussion.


