
 

 

Wind Turbine Power Module Tests and Lifetime 
Stig Munk-Nielsen1*, P.Ghimire1, A.de Vega1, S.Beczkowski1, B.Rannestad2, I. Trintis1, 

P.Thøgersen2 
1Department of energy Technology, Aalborg University, Denmark 

2kk-electronic, Ikast, Denmark 

Accepted for publication on 10th June 2014 

Power electronic converters are used to control the power of wind turbine generators and if it fails 
the wind turbine operation are interrupted. Previous studies show the converters causes 
approximately 15 % of wind turbine failures. 

Power modules are the key components of the converters and we investigate the possibility to 
emulate the operation of the wind turbine and accelerate the power module wear out. 250kW and 
1MW systems is realized and the life time tests are done by power cycling and since we emulate a 
real converter operation the heating of the power modules is switching plus conduction losses and 
not only conduction losses as in standard power cycling. 

Monitoring voltages in a real MW converter in operation is challenging since the voltage of the 
power devices changes from eg. 1200V to 2 V in micro seconds with at frequency of 3 kHz. Methods 
to measure the on-state voltage of app. 2 V had to be developed. 

During the tests monitoring of temperatures of the semiconductors inside the power modules and the 
on-state voltage is essential. Innovative sensing technology are developed to detect the few millivolt 
on-state voltage increase from a healthily module until it is close to failure.  

We succeeded and now have the ability to monitor the on-state voltage with millivolt precision as the 
power module ages and also a real time method to estimate the temperature of the power module 
semiconductors. 

Post analysis of power modules show the mechanical failure modes are bond wire cracks and 
aluminum reconstruction. The lifetime of power modules are also modeled and the test system 
results used for verification. 

The test system is a platform for new methods to monitor the thermal and electrical states of wind 
turbine power modules and we expect that the technology will be relevant for both on-shore and off-
shore wind turbines. 
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