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1. Narrative 
Introduction 
 The last 25 years have seen dramatic maturation of the wind energy industry.  
Increases in wind energy production have been tied to advancements in turbine technology, 
reliability, and grid compatibility; wind resource assessment, and reductions in costs.  
Wind energy is economically competitive with, and environmentally superior to 
conventional fossil and nuclear fuel-based electric power plants. 

Wind turbine grid connection requirements have become more demanding 
concomitant with increasing grid penetration.  Wind generation system are now required to 
perform many of the duties of conventional electric power plants, such as stabilization of 
the grid during fault events.  Unfortunately the most common and economical wind turbine 
architecture, which employs a doubly fed induction generator (DFIG), is prone to severe 
damaged while supporting the grid these fault events.  Conventional modifications for 
providing ride-through result in limited control of the wind turbine and only modest 
protection during fault events.  

A new electrical architecture for the DFIG wind turbine was envisioned that would 
draw on elements of a dynamic voltage restorer (DVR).  Through proper configuration and 
control of a DC/AC power converter, a DVR allows a sensitive utility load to be protected 
from grid disturbances.  In the proposed DFIG architecture, the DC/AC converter power 
converter nominally connected in parallel with the grid in the conventional DFIG 
architecture is now connected in series with the grid.  Conceptually this modification is 
straightforward, but it capabilities and implications for wind turbine operation were more 
enigmatic. 

 
Results  
 The proposed DFIG architecture with series grid side converter (SGSC) was 
evaluated on its ability to respond to grid fault events in addition to its ability to supplant 
the standard power flow and control functions of the conventional DFIG architecture. 
 The success of the DFIG architecture with SGSC to weather a grid fault event 
hinges on the manner in which the SGSC is controlled during faults.  The role of the power 
converter in a DVR is to maintain the voltage at the sensitive load in an un-disturbed state 
in spite of disturbances from the grid.  In the proposed DFIG architecture, this approach 
results in the SGSC absorbing significant electrical power during the sag events, which 
ultimately overflows the DC side of the AC/DC converter.  As an alternative the SGSC is 
operated to control the magnetic flux level in the DFIG so as to be proportional to the grid 
voltage.  A drop in the grid voltage due to a fault produces a commensurate drop in both 
the magnetic flux and the electrical power generation.  The SGSC acts, in effect, as an 
electrical shock absorber during the initiation of the fault event.  The dynamic response to 



fault events was evaluated with closed form, approximate analytical models and verified 
with computer simulation of the complete electro-mechanical wind turbine system. 

Analysis of the steady state power flow properties of a DFIG wind turbine when 
coupled to the SGSC revealed several shortcomings.  By virtue of its connection, the 
SGSC must necessarily change the voltage level of, and therefore magnetic flux in the 
DFIG in order to exchange power with the grid.  At low rotor speeds, which also 
correspond to low wind power production, the magnetic flux in the DFIG increases beyond 
standard machine rating resulting in saturation and poor electro-mechanical conversion 
efficiency.  Conversely, at high rotor speeds, corresponding to high wind power 
production, the magnetic flux in the DFIG drops, resulting in inefficient use of the machine 
capacity.   

At high rotor speeds the drop in magnetic flux can be prevented through a 
modification to the SGSC control.  The over-flux of the DFIG that occurs at low rotor 
speeds can only be prevented, however, by modifying the DFIG architecture.  Specifically, 
the SGSC must be partnered with another DC/AC converter connected in parallel with the 
grid.  This hybrid combination of both series and parallel grid side converters is referred to 
as a unified architecture.  Due to the direction of power flow, the parallel converter may be 
realized with either a simple and low cost passive diode rectifier or the active DC/AC 
converter for more functionality. 

A nonlinear hierarchical control law has been developed for the unified architecture 
with parallel grid side rectifier which enables control of the steady state wind turbine 
properties while allowing the SGSC to respond rapidly to fault events.  Computer 
simulations verified stability and dynamic response.  A hardware demonstration of the 
unified architecture DFIG systems is being implemented in the laboratory.  A motor-
generator pair emulates the wind turbine mechanical system and the unified architecture 
DFIG connection to the grid. 

 
Significance and impact 

In spite of recent advances, wind turbines are still viewed skeptically by electric 
utility system operators.  As a new and unfamiliar generation technology, the effect of 
large scale penetration of wind into the grid is, as of yet, relatively unknown.  The 
intermittency of energy generated from wind is unavoidable, unless wind turbines are 
partnered with either storage or other dispatchable generation.  As a result, if wind is to 
continue displacing environmentally degrading energy generation, it is imperative that it 
meet, to the degree capable, all other ancillary grid support services that are expected of 
conventional generation systems. 

The work enabled by this fellowship has enabled improved system tolerance to grid 
faults, thus resulting in lower wind turbine maintenance and operation costs.  
Improvements to the wind turbines grid fault support capabilities enables wind plant 
developers and manufacturers to make a strong and competitive case that wind is a 
responsible and preferred energy producer deserving of a prominent role in our energy 
production portfolio. 
 
Where might this lead?  

Looking at the arc of the last 25 years, the growth of wind energy generation has 
progressed in concert with advances in turbine technology and understanding of the 
impacts of wind on electric utility grids.  Wind power plants are fundamentally different 



from conventional fossil or nuclear fuel based generation.  As wind power plants displace 
conventional generation, and grids are operated closer to stability and other limits, it is 
likely that all wind turbines will be capable of providing comprehensive support for grid 
operation, including support during faults and other transient events. 
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3. Discretionary Funds 

Discretionary funds were spent in direct support of research activities, specifically 
on the following:  

• Registration & travel expenses for Fellow to WINDPOWER 2006 Conference in 
Pittsburgh, PA. 

• Registration & travel expenses for Fellow to IECON 2005 Conference in Raleigh, 
NC. 

• Power semiconductors, components and interface circuitry for hardware 
demonstration of DFIG architecture. 

• Laptop computer for Fellow. 
 

4. Impact of Fellowship 
The initial research focus during the fellowship period was on a novel AC/AC 

power converter.  This converter, the polyphase matrix converter, was being studied both 
as it applied to wind turbines and as an investigation of the fundamental technology, as 
published in [4].  The results of this work, although both unique and a genuine contribution 
to the state-of-the art knowledge base, did not reveal any particular advantage for applying 
the topology for wind turbine generation.   

In spite of these drawbacks, this Fellow likely would have continued on with the 
AC/AC converter topic for his doctoral thesis, were it not for the Link Foundation 
Fellowship.  The Fellowship provided an incentive for the Fellow to reevaluate the 
pressing technical concerns in the research landscape of wind power generation, thereby 
identifying the idea of the fault-tolerant DFIG wind turbine architecture.  The Link 
Foundation Fellowship allowed the Fellow the flexibility to pursue a topic which addresses 
a genuine and timely need of the wind energy industry and simultaneously satisfying his 
passion for improving our energy future. 


