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As the capacity of individual wind turbi-
ne generator systems increases, they 
are connected to medium as well as 
high voltage electrical power systems di-
rectly. In order to safe-guard the stability 
and therefore the safety and reliability 
of electrical power systems, a power ge-
nerating system (PGS) may no longer be 
dis-connected from a power grid as soon 
as a short-circuit causes a voltage dip to 
occur, as was stipulated by grid codes in 
the past. The aim of this is to avoid dis-
connecting other wind turbine generator 
systems located further afield.
Before a PGS can be put into operati-
on, certification must be obtained to 
demonstrate that it is fit for this speci-
fic purpose. The certification procedu-
re has been described in [2]. During 
certification, various tests must be 
carried out, including verification that 
the protection concept functions as in-
tended. Up until now, tests of this type 
could only be carried out manually 
and required lengthy preparations and 
calculation of test conditions. Results 
must be documented separately too. 
This paper describes how to test the 
Q-U protection function and generate 
an appropriate test report at the same 
time using an automatic test system.  

1 Undervoltage dependent
directional reactive power protection
For the safe operation of electrical pow-
er systems with a high proportion of de-
centralized PGSs, it is necessary for in-

dividual power generating units (PGUs) 
to contribute to power grid support. If, 
for example, there is a short-circuit in 
the electrical power system, the Euro-
pean Network of Transmission System 
Operators for Electricity stipulates that 
PGUs must be disconnected from the 
grid with a time delay of 0.5 s if the vol-
tage at the grid connection point (GCP) 
decreases and remains at 0.85 of the 
rated voltage and if reactive power is si-
multaneously consumed [3]. Similar re-
quirements have been laid down by the 
German Association of Energy and Wa-
ter Industries in the technical guideline 
for PGSs in medium-volt-age networks 
[4], but disconnection is to be perfor-
med at the GCP. The equipment for 
decoupling the PGS from the electrical 
power system, which is required in order 
to fulfil this stipulation, is known as an 
undervoltage dependent directional re-
active power relay (Q-U protection). 
The specifications for Q-U protection [5] 
describe in detail how the required func-

tion works. The secondary legislation to 
the German Renewable Energy Sources 
Act (EEG) requires that this type of Q-U 
protection be installed [6]. The block 
diagram of the Q-U protection function 
is shown in Figure 1. 

2 Testing the Q-U protection function
According to [7], the minimum require-
ment is for the following tests to be car-
ried out:

• Test the protection relay setting 
with regard to the detection of the 
power flow direction at the GCP.
The following procedure is recom-
mended:
· When there is enough wind, the wind 
park feeds electrical power into the 
grid. According to the load reference 
arrow system, the sign prefixing the 
electrical active power should be ne-
gative in this situation. So the correct 
connection of the wiring should be 
checked first.

• 	Test symmetrical voltage dips:
· With reactive power greater than 
5% of the rated value and a specified 
acitve power which is defined by a mi-
nimum current I1>, the voltages are 
to be decreased symmetrically until  

Over the past 10 years, regenerative, environmen-
tally sustainable power plants have become incre-
asingly important. Of all the available options, wind 
turbine generator systems have been particularly 
successful. According to the German Wind Energy 
Institute, by the end of 2010 the number of wind 
turbine generator systems operating in Germany 
had reached 21,607, with a total power of 27,215 
MW [1]. Since then, the average amount of power 
produced per wind turbine generator system has 
risen to slightly above 2 MW.

Figure 1: Block diagram of the
Reactive power direction
Undervoltage protection
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the Q-U protection function starts.
 · The start/operating time is to be 
recorded. 

• 	Determine the resetting ratio:
	 · Before the Q-U protection function 

operates, the voltages are to be in-
creased symmetrically again until 
the Q-U relay is reset.

• 	Test the AND link:
	 · Apparent power is to be provided 

at a level which is sufficient for the 
directional operating character-istic 
of the reactive power to respond. 
The voltages are then to be decrea-
sed asymmetrically. Even when one 
phase-to-earth voltage is decrea-
sed to 0 V, the Q-U relay should not 
operate.

•		 Test relay operation in specified di-
rection of the reactive power

	 · The operating characteristic for the 
reactive power in relation to the ac-
tive power is to be tested.

•		 Test the release current
	 · The size of the release current is to 

be ascertained.
It should also be mentioned that the 
VDN guideline for digital protection 
systems [8] requires that installed pro-
tection systems be tested at regular 
intervals to ensure that they function 

correctly. In this guideline a four year 
test cycle is recommended.
 

3	 Test system

The use of a fully automatic test sys-
tem with appropriate testing software 
substantially reduces the amount of 
time it takes to test the Q-U protection 
function. 

Figure 2 shows the ARTES 460 test set 
whose technical specifications fulfil all 
the requirements needed in order to 
test the Q-U protection function. The 
test set is operated and controlled with 
the ARTES testing software. ARTES V4, 
the latest version of the software to be 
released, includes the QU-Monitor, a 
test module which has been specially 
designed for testing the Q-U protection 
function. This test monitor simplifies, 
automates and significantly speeds up 
the test process.

Figure 3 shows the ARTES V4 testing 
software with the new Microsoft Flu-
ent user interface. This interface pro-
vides fast access to all the functions 
of the testing software. The illustration 
shows the VD-Monitor which is inclu-
ded in the standard delivery package. 
This basic module can be used to test 

any type of pro-tection relay by setting 
the generator values manually.

The ARTES testing software features 
a wide range of convenient test mo-
nitors which have been specially de-
veloped for testing specific protection 
functions. Undervoltage dependent 
directional reactive power protection 
is included in the list of functions dis-
played under Functions/Configuration 
shown in Figure 4.
The ARTES testing software features 
a wide range of convenient test mo-
nitors which have been specially de-
veloped for testing specific protection 
functions. Undervoltage dependent 
directional reactive power protection 
is included in the list of functions dis-
played under Functions/Configuration 
shown in Figure 4.
Because it is very easy to adjust the 
characteristic in the software, it is pos-
sible to test all the various different 
response characteristics for the Q-U 
function which have been implemen-
ted by the anufacturers of protection 
devices. Figure 5 shows the possible 
characteristics of the reactive power 
as a function of the active power. As 
can be seen in the illustration, the follo 
wing options are taken into consideration:
•	 Constant or minimum reactive 

Figure 2: Testing System ARTES 460

Figure 3: ARTES testing software V4.0 with the new Microsoft Fluent user interface Figure 4: Selection of different protection functions
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power
•	 Rising reactive power after release 

through minimum current
•	 2-stage reactive power after re-

lease through minimum current
•	 3-stage reactive power after re-

lease through minimum current
	
By way of example, Figure 6 shows the 
equivalent circuit diagram with the in-
strument transformers and their trans-
formation ratios. The test values which 
are needed in order to carry out a func-
tion test (undervoltage, reactivepower 
and minimum current) are calculated 
automatically taking the instrument 
transformer data into account.
FA range of different test modes are 
available for configuring the test steps 
needed. Test definitions based on dif-
ferent test modes can be grouped to-
gether in one test plan and carried out 
automatically. Figure 7 
 
First use the „manual“ test mode to 
check that the protection device is 
connected correctly. The protection de-

vice is generally connected as shown 
in Figure 8. The current transformer is 
usually earthed on the S1 side or line 
side respectively. When the PGS pro-
duces active power, a negative active 
power value must be displayed.
The ARTES 460 test system is to be 
connected up appropriately and the 
earthing of the device under test is to 
be defined on the line side. When an 
apparent power value with positive 
active and reactive power is set, the 
sign prefixing the active and reactive 
power on the display of the protection 
device must be negative.
The „series“ and „sequence“ test mo-
des are then used to test the accuracy 
of the operating characteristic of the 
reactive power as a function of the ac-
tive power. Test points can be defined 
freely in accordance with the type of 
operating characteristic implemented 
by the manufacturer of the Q-U protec-
tion function. When a test is started, 
the test points are dealt with one by 
one and evaluated according to the 
reaction of the Q-U protection function.

In the other test modes, the settings 
listed below can be tested automati-
cally, taking into account the approp-
riate test conditions for the Q-U protec-
tion function.
•		 V test: test the starting value of the 

undervoltage setting
•	 I test: test the starting value of the 

minimum current setting
•	 Q test: test the starting value of the 

reactive power
•	 φ test: test the angle of the reactive 

power direction
The starting and reset values are de-
termined using pulse ramps. All the 
parameters required for the test, such 
as start and end values, pulse width, 
angle between current and voltage, 
number of steps, pause values etc., 
are defined in a dedicated area of the 
workspace. The values can be given in 
relation to the rated value or as abso-
lute values. No conversion is required. 
The reset values are also determined 
automatically and the corresponding 
reset ratios identified.
In „V test“ mode, it is also possible 

Figure 5: Response of the reactive power as a function of the effective power

Bild 7: several
Test modes for
automatic testing
the Q-U-protection function

Figure  6: Equivalent circuit to account for the transducer data

Figure 8: Connection of the guard with the QU-protection function
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to select fault loops, enabling phase-
selective fault types to be reproduced. 
This makes it possible not only to de-
termine the starting value of the U< 
function but also to determine the logi-
cal AND-link, as required above, in one 
and the same test step.
In „φ test“ mode it is possible to test 
the reactive power range in both a 
clockwise and anti-clockwise direction. 
As a result, the starting behaviour can 
be determined in the 4 quadrants of 
the Cartesian coordinates. Once the 
automatic test has been completed, 
the test report generated by the ARTES  
testing software can be submitted for 
assessment within the certification 
process for the wind turbine genera-
tor system. The results are presented 
both graphically and numerically. The 
test steps defined for the test can be 
saved in a test plan together with the 
test results, allowing the behaviour of 
Q-U protection functions to be compa-
red again when the test is repeated la-
ter at appropriate regular maintenance 
intervals.

4	 Summary

For the safe operation of electrical po-
wer systems with a high proportion of 
decentralized PGSs, it is necessary for 
individual power PGUs to contribute to 
power grid support. The equipment for 
appropriately decoupling the PGS from 
the electrical power system which is 
required for this purpose is known as 
Q-U protection. The secondary legisla-
tion to the German Renewable Energy 

Sources Act (EEG) requires this type of 
Q-U protection. In order to reduce the 
amount of time it takes to test the Q-U 
protection function, considering the 
large numbers of wind turbine genera-
tor systems, an automatic test system 
is required. 
An automatic test for the Q-U protec-
tion function is already a component 
of the ARTES V4.0 testing software. 
This testing software is backwards 
compatible with earlier versions of the 
ARTES testing software. The various 
test modes for the test steps required 
can be grouped together to form a test 
plan for automatic execution of the Q-U 
protection function test. Test plans can 
be defined appropriately and saved for 
the repeat tests which should be car-
ried out at least every 4 years.
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Figure 9: PHI test mode test to check the angular range counterclockwise
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