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ABSTRACT 

In case of transformers, the routine test after manufactur-

ing was seen as sufficient. Meanwhile transformer manu-
facturers as well as Distribution System Operators (DSOs) 
and their respective service suppliers are requesting test 
systems to execute on-site tests of distribution transform-
ers. Addressing such a challenge led to the development of 
a modular test system. In a first step a modular system was 

developed to do an induced voltage test according 
IEC 60076-3 [1] including the measurement of partial dis-
charge (PD). In a second step the test system will be ex-
tended for the measurement of no-load losses, load losses 
and short-circuit impedance acc. IEC 60076-1 [2] as well 
as temperature rise acc. IEC 60076-2 [3]. 

INTRODUCTION 

On-site testing of cables is an established procedure to se-
cure the proper installation and to evaluate the dielectric 
condition of these assets. In case of transformers, the rou-
tine test after manufacturing was seen as sufficient. Mean-
while manufacturers as well as Distribution System Oper-
ators (DSOs) and their respective service suppliers are re-

questing test systems to execute on-site tests of distribution 
transformers. 
Distribution transformers used for the connection of re-
newable generation units like wind turbines are connected 
to power electronic based inverters. Inverters using filters 
still cause an increased dielectric stress due to high fre-

quency pulses resulting out of the PWM. This stress might 
lead to a premature ageing of the insulation system [4]. 
Another issue is the situation that utilities receive a type 
qualification of a distribution transformer and then place a 
bulk order for several years. The on-site performance of a 
particular transformer may differ from the type qualifica-

tion due to technical changes as well as due to stresses dur-
ing transportation, storage and installation. Therefore, crit-
ical transformers should be tested after installation and 
during operational lifetime as well. Such tests should be 
executed either on the storage site or on-site. A mobile test 
system seems to be the preferred choice to cover all cases.   

Due to the increased integration of renewable generation 
units in the distribution grid, the working conditions of 
transformers, especially of grid coupling transformers, 
have changed and will change in the future. As for the orig-
inal design case a unidirectional top-down power flow was 
taken into consideration, now a bidirectional power flow 

is reality. This bidirectional power flow represents also a 
major change in the electromagnetic stresses during failure 

to the installed equipment. Therefore, an evaluation of the 
effective technical and physical conditions of the asset is 

requested on a regular basis. In the European context, the 
Eco-Design Directive is calling for measures to reduce 
losses in the grid. Including a power loss measurement into 
the asset condition assessment would enable a prioritiza-
tion for the exchange of distribution transformers to reduce 
grid losses.  

TEST SYSTEM – STEP 1 

The basic requirements for test systems were defined from 
the application case of testing transformers in the nacelle 
of wind turbines. Therefore, a robust, compact, modular, 
transportable and flexible test system was designed. Here 
it must be differentiated between generating the test volt-

age and doing the measurements. For measurements suffi-
cient commercial solutions are available fulfilling the re-
quirements on the test system. Finding a suitable test 
source is more critical and the solution was the develop-
ment of such a test source.  

Induced Voltage Test 

Induced voltage tests have to be performed at higher test 

frequencies, which help to reduce the size of the test setup. 
There are two technical solutions for meeting the require-
ments of the test circuit, either the use of a motor-generator 
set as a rotary frequency converter or the use of a power 
electronic based static frequency converter [5] (Figure 1). 

 

Due to its size, mass and complexity, it does not make 
sense to follow the concept of the motor-generator set for 
on-site testing. For this reason, a test system for induced 
voltage testing based on the principle of the static fre-
quency inverter was developed. 

Figure 1: Principle of electro-magnetic converter (a) and 

static frequency converter (b) 
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Measuring PD 

For cast resin transformers, a PD measurement is intended 
as a routine test in accordance with DIN EN 60076-11 [6]. 

The corresponding test cycle is the basis for the PD meas-
urement on transformers in wind turbines according to IEC 
60076-16 [7], whereby the voltage level for the initial 
ramp is reduced from 1.8 Ur to 1.6 Ur (Figure 2). 

 

Figure 2: Test cycle for PD measurement on cast resin 
transformers acc. to DIN EN 60076-16 [7] 

This also applies to liquid-filled transformers. Here the ba-
sis is DIN EN 60076-13 [8], whereby the initial ramp is 
reduced from 1.8 Ur to 1.6 Ur as well (Figure 3). 

 

Figure 3: Test cycle for PD measurements on liquid-filled 
transformers according to IEC 60076-16 [7] 

For all PD measurements, it is desirable that the on-site 
measurements are also directly comparable with the meas-
urements of the routine test in the factory. For this it is a 
prerequisite that the measurement is carried out in the form 
of a 3-phase test on-site. Therefore, a 3-phase test source 

is a must. 

Compact Test Source 

 

Figure 4: Principle circuit diagram of test source 

Figure 4 shows the principle structure of the test voltage 
source and Figure 5 an original view of the test system with 
test object. Basically, the test system consists of three 

boxes, Box 1 contains the static frequency inverter and the 

operator panel. Box 2 contains the second stage of the si-
nusoidal filter and the matching transformer. The PD filter 
and the measuring equipment for current and voltage 

measurement are located in box 3. To facilitate on-site 
work, there is a further box 4, which contains all necessary 
accessories such as connecting cables, earthing straps, 
connection lines and other accessories such as connection 
adapters for the power supply of the source. 

 

Figure 5: Test setup of the test voltage source  

WV18-18/1.4 with dry type transformer 

Operating Principle 

The system is to be used to test transformers up to a rated 
power of 8 MVA. In order to achieve the full output volt-
age with an induced voltage test, a power of 18 kVA must 
be provided. The provided supply voltage of the source 
might contain numerous interferers during field tests, 
which have a negative effect on a PD measurement. There-

fore, the input voltage is filtered and rectified. In a second 
step, the DC voltage is converted to a 200 Hz sine wave by 
a frequency converter. The choice of frequency has a sig-
nificant influence on the size and weight of the source. The 
internal topology of the static frequency converter is based 
on a 3-level Voltage Source Converter (VSC) in Neutral 

Point Clamping (NPC) topology (Figure 6).  
Advantages of the selected topology are: precise adjust-
ment of the output voltage, low output voltage distortion 
(THD), low interference emissions. 

 

Figure 6: Circuit diagram of a 3-level NPC frequency in-
verter with LC sine filter 
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To adapt the output voltage of the frequency inverter to the 
required test voltage, a matching transformer is used, 
switchable between two voltage ranges (0-800 V and  

0-1380V). This makes it possible to generate test voltages 
up to twice the nominal voltage (400 V and 690 V). The 
voltage now generated can also contain diverse shifts and 
interference signals that make PD measurement difficult. 
Therefore, these signals are also detected and filtered with 
a further sinusoidal filter. Furthermore, appropriate meas-

uring technology is installed which measures the supplied 
current and voltage values. These values are used to con-
trol the test system and are also visualized. 

FIELD EXPERIENCE 

The test system was undergoing an exhaustive testing un-
der different application conditions like testing dry and liq-

uid immersed transformers during factory test and in the 
distribution grid and intentionally at wind turbines. These 
tests were very much important for the optimization of the 
test system itself and the procedures for installing and op-
erating the system. Those procedures needed to be fitted 
into the work procedures of the relevant customers.  

Transformer Testing at the Nacelle of Wind Tur-

bines 

 

Figure 7: Nacelle of wind turbine with transformer [9] 

Wind turbines (Figure 7) are exposed to strong stress dur-
ing operation. Permanent mechanical vibrations as well as 
strong load cycles are essential. In addition, wind turbines 
operating at full load must be completely braked in an 
emergency within a few minutes, whereby the effective en-
ergies must be specifically converted: mechanical energy 

into electrical energy and these in turn into heat. Further 
stress factors are environmental conditions such as temper-
ature fluctuations, humidity, salty air or other polluted air. 
Due to the strongly fluctuating load cycles, there is also an 
increased number of switching operations in the electrical 
system. Due to their exposed position, wind turbines are 

also increasingly affected by direct and indirect lightning 
strikes and, in wind farms, by voltage transients and reso-
nances.  
Due to the use of inverters on the generator, all down-
stream electrical equipment is continuously exposed to 

higher-order harmonics (Figure 8, [10]). All these alternat-
ing stress factors can lead to an increased ageing of the 
equipment. 

 

Testing On-Site 

Tests inside a wind turbine make special requirements on 
the test equipment and also on the technicians and engi-
neers working on site. This begins with the transport of the 
test system to the test site by freight elevator and continues 
with the confined space in the nacelle (Figure 9). An es-

sential aspect here is also the time required to set up and 
carry out the test, as this must be coordinated with the 
maintenance schedule on site. 

 

Figure 9: Working conditions at a wind turbine nacelle 

An important aspect is the positioning and, on top of that, 
earthing of the measuring arrangement, especially the cou-
pling capacitors (Figure 10). Depending on the local con-

ditions, it is always important to achieve sufficiently good 
earthing conditions in order to achieve a low background 
noise level. For the test executed by us we could manage a 
background noise level between 3 and 10 pC, depending 
on the type of system and the local earthing conditions. 

Figure 8: Typical frequency spectrum at the output of a 

wind turbine converter (normalized y-axis) [10] 

  Transformer 
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Figure 10: Arrangement and connection of the coupling 
capacitors in the nacelle 

Exemplary Test Results 

Figure 11 shows an example of the PD pattern of a new 
transformer after installation in a wind turbine. Here, PD 
values of a maximum of 6 pC were measured at a basic 
noise level of 3 pC, so no abnormalities could be detected. 
In contrast, Figure 12 shows a measurement of the PD be-

haviour of a transformer with several years of operation. 
Here significant PD can be measured. The evaluation of 
PD patterns allow recommendations for the replacement or 
continued operation of the transformer. A root-cause anal-
ysis is only rudimentary possible and should be supported 
by additional measurements. 

 

Figure 11: Exemplary PD measurement on a new trans-
former before commissioning of the wind turbine [4] 

 

Figure 12: Exemplary PD measurement on a transformer 
with several years of operation on a wind turbine 

Distribution Transformer Testing  

With the successful use of the test system in wind turbines, 
the question of applications in the distribution network al-

most inevitably arises. This can basically be affirmed, 
since with the proof of successful work in the nacelle of a 
wind turbine, the establishment of test conditions on dis-
tribution transformers is rather easier, especially in com-
pact stations. Nevertheless, special attention must be paid 
here to personal safety, since in contrast to wind turbines 

not only instructed specialists can be present, but also pos-
sible public traffic must be taken into account. Particularly 
distribution transformers with critical loads or in neuralgic 
network sections should be regularly subjected to a dielec-
tric evaluation. The PD measurement within the frame-
work of an induced voltage test represents a valuable basis 

for this. The test system is also a valuable asset for factory 
tests, especially during design verification, condition as-
sessment or troubleshooting outside the routine test field 
(Figure 13).  

 

Figure 13: Test setup at factory 

Figure 14 is an example from a liquid immersed trans-
former analyzed in a factory test field. Here a 3-phase PD 
measurement at rated voltage is shown.  

 

Figure 14: 3-phase PD measurement on a liquid immersed 

transformer at factory  
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TEST SYSTEM – STEP 2 

For the on-site evaluation in the distribution grid additional 
features are required to enable the measurement of no-load 

losses, load losses and short-circuit impedance as well as 
temperature rise. To do so, the functionality of the 3-level-
NPC inverter has to be brought in full function, meaning 
to operate the test source at variable frequency. For power 
measurement related tests, the test circuit needs to be com-
pensated and the matching transformer has to be adopted, 

or module wise extended. The test system layout can be 
found in Figure 15.  

 

Figure 15: Modular test system with extended test features 

For the measurements, commercially available products 
cover PD and thermal measurements. That is only partially 
true for the loss and impedance measurements. It would be 
crucial to cover the following items in one measurement 
system:  

- measurement of no-load loss and current 
- measurement of load loss and impedance voltage 
- measurement of zero-sequence impedances 

 

Figure 16: Transformer loss measurement system LiMOS 
MS 1000/5-3 

Here LiMOS MS is an introduced and proven product 
(Figure 16). It allows the coverage of a test procedure with 

voltage and current sensors with electronic burden and pa-
rameter memory. As the data acquisition and evaluation 
unit of the sensors are in the proximity of the test object, 
lowest EMC interferences are guaranteed at highest accu-
racy (0.1 %) and long-term stability. The measurements 
can be directly used for the control of the test source.  

CONCLUSION 

On-site testing of distribution transformers is a request 
with continuously increasing request from the market. One 

key application is the condition assessment of transformers 
in wind turbines due to the increased stress level. Another 
application is the condition assessment of critical trans-
formers in the distribution grid. Based on the defined re-
quirements a flexible compact test source was developed. 
Here results from induced voltage tests including PD eval-

uation were presented.  
Based on the results from field trials the test system was 
optimized to fit into the operational procedures of the cus-
tomers. The feedback from the field led also to the exten-
sion of the test applications to impedance and loss meas-
urements as well as thermal evaluations. These require-

ments were taken up with an extension of the existing test 
system by introducing an alternative matching transformer 
and an optimized test source inverter.  
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