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Figure 2: Grid topology, which can be tested by a 

conventional test unit based on a voltage divider (dashed 
line).  

 

III. TECHNICAL BENEFITS OF AL-FRT  
Many insufficiencies of the conventional test set up can 

be solved with the newly developed voltage dip generator 
based on an auto transformer and an IGBT switch gear. The 
most relevant characteristics are described in the following.  

A. Consumption of grid capacity 
Classical voltage dip generators are able to simulate grid 

distortions as marked with the dashed line of Figure 1. 
These tests can be carried out, only at grids with a high 
amount of short circuit power and only at single wind 
turbines. During the test, a high current from the grid is 
required to supply the voltage divider. The short circuit 
power at the terminals of the test object is highly limited by 
the length impedance of the test unit.  

The newly developed test unit Al-FRT, fully covers the 
IEC 61400-21 and the German extension FGW TR3. 2 and 
3-phase drops can be simulated at different amplitudes. In 
deviation to a conventional system, the voltage will be 
simulated by transforming and not by dividing the voltage. 
The short circuit power of the grid will be ‘handed over’ 
with more or less no own consumption to the wind turbine. 
The short circuit voltage is dependant upon the 
transformation level but less then uk ≤ 3%.  

B. Variance of short circuit power  
Generators show different behavior at different short 

circuit powers. Conventional test units, based on a voltage 
divider require grids with high short circuit power. 
However, due to the length impedance at the terminal of the 
generator under test, the resulting short circuit power is quite 
less. This also implies a limited variation of the short circuit 
power. The new test facility, at a strong grid, can be 
extended with a additional length impedance. Due to this, a 
high range of short circuit powers can be tested at the same 
connection point to the grid. A change of short circuit power 
can be simulated if different length impedances are added at 
the different connection of the transformer, see Figure 3.  

 
Figure 3: Variance of short circuit power  

C. High dimension generators under test 
In the case that only a medium voltage connection is 

available, a medium to low voltage transformer at each side 
can be adjusted the voltage as shown in Figure 4. In this 
case, also wind turbines can be tested with tree winding 
transformers as often used in double feed induction 
generators. Out of the possibility to control the IGBT in less 
of milliseconds two or more test units can be connected in 
parallel. Due to the unlimited number of test units which can 
be work in parallel multimegawatt wind turbines also higher 
than 6 MW can be tested.  

 
Figure 4: Parallel connection of two or more FRT-Test-

Units framed of medium voltage transformer. 

D. Dynamic overvoltage (HVRT) 
In the industry, mainly conventional LVRT test units are 

available. Out of transforming the voltage, high voltage ride 
through (HVRT) test can be performed, (cf. Figure 1, right). 
Due to the possibility to configure each phase separately, a 
combination of LVRT and HVRT can be realized. This can 
be used to for simulating unsymmetrical dips. 

E. Connection groups of transformers  
The classic voltage divider is limited in case of 2-phase 

faults to only a one-phase relationship, (cf. /Bollen/, vector 
group C). In the usual case of a Dy-transformer is in 
between the short circuit and the wind turbine this vector 
group change to D. It is allowed to assume that inverter 
technics can be react on a different way to different vector 
groups of phase angles. The main reason to provide LVRT 
capability, is to support the grids during faults in the high 
voltage network. In between the generator and the drop there 
are some times one or sometimes two Dy transformers. Thus 
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IV. VERIFICATION BY MEASUREMENTS 
The transformer setup was tested by an hardware model 

with 10 kW power and with a resistant consumer load, see 
Figure 8. Exemplify one 2-phase voltage dip measurement 
down to 50% is shown in Figure 9 as a time series and in 
Figure 10 as an vector diagram phase to neutral.  

 

 
Figure 8: 10 kW Modell FRT step under test 

 
Figure 9: Times series of voltage during a 50% 2-phase-

voltage-dip measured at the 10 kW Modell FRT step under 
at load. (one phase voltage was increase to 125%) 

  

Figure 10: Vector diagram of voltage during a 50% 2-
phase-voltage-dip measured at the 10 kW Modell FRT step 
under at load. (one phase voltage was increase to 125%) 

SUMMERY 
The generator under test is connected via 3 or 4 lines to 

the electrical environment. The voltages can be simulated by 
the new test equipment Al-FRT for voltage drops and peaks 
in a vide range. The stand of measurement at a 10kW 
models show a large accordance to the assumption  
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