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ABSTRACT 

This paper provides an overview of the functionality of the 
test and control technology required for the automated 
testing of distribution transformers. Possibilities are pre-
sented, how an optimization of the testing process can be 
achieved by the optimization of the interaction of the test-
ing plant with an intelligent plant control up to an integra-
tion into customer's enterprise resource planning systems. 

INTRODUCTION 

Distribution transformers are used worldwide for the elec-
trical supply of buildings and industrial consumers from 
the medium-voltage grid. In the course of the structural 
change of electrical networks from centralized to decen-
tralized generation, distribution transformers are also used 
today as a matter of course wherever electrical energy from 
small decentralized power plants is to be fed directly into 
the medium-voltage network.  
 
Compared to power transformers, distribution transform-
ers are produced and used in much larger quantities world-
wide. For this reason, the requirements for production and 
electrical unit testing also differ considerably from an eco-
nomic point of view, since the time required for each indi-
vidual production step is an important cost factor. Manu-
facturers are interested to reduce the time required for test-
ing to a possible optimum. An inspection system that is 
optimally tailored to these requirements and optimally in-
tegrated into the production process can make an important 
contribution to increase efficiency in the production. 
 
The gathered data from the test are also of specific value. 
Here deviations in the production process can be identi-
fied, as well as design optimization. 
 
COMPONENTS OF THE TEST SYSTEM 
 
Routine testing of distribution transformers requires a 
powerful voltage source that can provide variable voltages 
at the frequencies required for testing. Frequencies deviat-
ing from the local mains frequency are particularly re-
quired for tests with induced voltage, where the test fre-
quency is increased above the nominal values at least to 
the same extent as the test voltage in order to avoid mag-
netic saturation of the core. Variable test frequencies also 
allow the testing of transformers intended for export to 
countries with different mains frequencies (50 or 60 Hz) 
or specific frequencies for railways and other industrial ap-
plications. 
 

The typical structure of a system for testing distribution 
transformers is outlined in Fig. 1. In addition to the routine 
tests described above, this setup can also be used to per-
form all-day thermal tests of distribution transformers as 
part of type tests, provided the system components are di-
mensioned accordingly. 
 
The test system is supplied by a static frequency converter 
(1) which generates a three-phase test voltage with very 
low harmonic content due to internal filter stages. A series 
of additional filter strongly attenuates the proportion of 
high-frequency disturbances in the output voltage in order 
to minimize disturbances during the measurement of par-
tial discharges. This means that highly sensitive partial dis-
charge measurements in the range of a few pC are possible. 
The measurements are key for cast resin transformers to 
assess the quality of the insulation.  
 

 

Figure 1: Diagram of the test system structure 

The voltage is adapted to the required test voltage by 
means of a matching transformer (2) with several taps. The 
changeover is automated by motor-driven medium-voltage 
contactors.  
 
Capacitive compensation (4) provides most of the reactive 
power of the load losses measured in short-circuit opera-
tion. In this case, the static frequency inverter supplies only 
the remaining uncompensated reactive power and the heat 
losses occurring in the test object (7) and in the test system 
itself. 
 
The voltage applied to the test object (7), the test current 
and, above all, the active power converted in the test object 
are measured using a specialized high-precision power 
loss measurement system (3). Due to the very low power 
factor of the test object, the achievable measuring accuracy 
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of the power loss measurement depends very much on the 
accuracy of the detection of the phase angle between cur-
rent and voltage. In order to minimize the influence of 
measurement uncertainty during the measurement process, 
these data are stored and used for permanent correction of 
the measurement data of the individual sensors. This ena-
bles a high-precision determination of the power dissipa-
tion even at very small phase angles. 
 
Separate high-voltage transformers (5), which are also fed 
from the static frequency inverter, are used to carry out in-
sulation tests with high voltage applied or by inverse volt-
age test. 

POSSIBILITIES OF TIME OPTIMIZATION 
FOR ROUTINE TESTS   

The total time required for a complete routine test sums up 
of the following components in addition to the transport of 
the transformers to the test field: 
 

 Setup time of the test facility  
 Duration of reconfiguration of the test equipment 

and test piece connections between tests 
 Time required for the actual electrical load 
 Evaluation and documentation of measurement 

results  
 
An acceleration of the initial set-up time of the system can 
be achieved by an optimized control system. Such a system 
identifies the transformer ratings. Based on the ratings or 
the specification, a set of predefined test data will be used 
by entering the serial number of the test object. By cou-
pling the system control with the plant's own ERP system, 
individual test parameters agreed with customer can be au-
tomatically forwarded to the test field for testing without 
interrupting the work flow.  
 
The use of an automated changeover device, which auto-
matically adjusts all required test circuits with the aid of a 
motorized high-voltage control panel, generates major 
time savings. Once the transformer to be tested has been 
connected once, no work like changing the test configura-
tion is necessary. The test sequence can run fully automat-
ically. In terms of failure sources, the probability of human 
errors during connection of the correct test leads is signif-
icantly reduced, as well as the risk exposure to high volt-
ages inside the test field.  
 
The time required for the actual electrical exposure of the 
test object can be influenced to a limited extent, since the 
sequence and duration are standardized by international 
standards as far as possible. One way of shortening the test 
duration is to increase the test frequency during induced 
voltage testing. This allows the load duration to be reduced 
from 60 seconds at 100 Hz to 30 seconds at 200 Hz, for 
example. 

An additional reduction of the overall test time can be 
achieved by simultaneously performing high-voltage tests 
and the preliminary tests, such as insulation resistance, DC 
winding resistance and vector group. After completion of 
the complete test procedure in one single test setup, the 
transformer can leave the high-voltage test area com-
pletely tested for shipment. With an appropriately 
equipped controller and an adapted safety system, both test 
areas – pre-testing and testing area – can be operated by 
one person only. 
 
The time required to create the individual documentation 
of the test results can also be shortened by linking the in-
ternal data management of the test system with the compa-
ny's own ERP system. For this purpose, a specific data 
transfer format must be agreed between the manufacturer 
of the test system and the transformer manufacturer.The 
transfer format must contains all measured values obtained 
during the test and should be automatically integrated into 
the ERP’s data structure. With the help of this measure-
ment data, an individual and automated test protocol can 
then be created that meets all special requirements and 
agreements from the ordering process without disrupting 
the flow of information. 
 
Level structure of the system control 
 
The control system of the test system is divided into sev-
eral hierarchically subdivided levels, which differ in their 
degree of abstraction and the distance physical level of the 
test equipment. The level structure is shown schematically 
in Fig. 2. 

 

Figure 2: Level structure of the system control 
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The basic control level (A) consists of the test plant-inter-
nal PLC control (3), which, in conjunction with a graphical 
user interface (4), is used for direct control of the testing 
system (1). All protective functions must also be imple-
mented on this level to enable the protection of the test sys-
tem from overload or operating errors and to guarantee 
health and safety measures for all employees involved in 
preparation, pre-testing and testing. 
 
After the input of the electrical test parameters (5), the in-
ternal settings of the test system are automatically carried 
out by the PLC control. The electrical test parameters can 
either be delivered by the ERP, the test parameter database 
of the test system or manually by test personnel. 
 
The measurement results obtained from the power loss 
measurement (2) and the high-voltage test will be deliv-
ered in a raw data format for further processing.  
 
The extension of the control system (B) by a plant-internal 
database (8) in connection with a specialized PC software 
(6) enables an automated setting of electrical test parame-
ters based on the type assignment of the transformer to be 
tested. The type assignment can be done in the simplest 
form by manual selection from a list of predefined types 
with stored test instructions. A more convenient variant is 
the automatic determination of the type assignment based 
on the serial number of the transformer to be tested. In this 
case it is sufficient to read the serial number attached to the 
test object as a barcode using a barcode scanner to select 
the intended test instruction from a prefabricated alloca-
tion list. This assignment system is particularly advanta-
geous when identical transformers have to be tested with 
different test parameters due to different customer require-
ments or legal market requirements, like the eco-design re-
quirements. 
 
The pre-defined test instructions are created separately and 
stored in the system's own database. The measurement re-
sults obtained during the high-voltage test and the prelim-
inary test are also clearly assigned to the tested transformer 
and stored in this database. After all tests have been com-
pleted, this data can be automatically merged into a pre-
pared protocol template (7). Due to the protocol templates, 
which can be flexibly configured for different require-
ments, the complete protocol generation can be carried out 
without manual work at the "push of a button". So, an un-
ambiguous protocol can be guaranteed. 
 
With the aid of an individual coupling module (9), the data 
management of the test system can also be directly coupled 
with the factory ERP system (10) (C). In order to imple-
ment such a coupling, appropriate data exchange formats 
must be defined in advance between the manufacturer of 
the testing system and the user in the transformer plant. By 
using such predefined exchange formats, subsequent com-
patibility problems can be avoided which could arise due 
to different lifecycles of the two software-systems used.  

In this case, the enterprise resource planning system deliv-
ers all test instructions directly to the test system. In ex-
change, the test system returns a file with all result data to 
the ERP system, generating the customer documentation.  
 
Such a deep integration of the testing equipment into the 
manufacturing process in the transformer plant has the 
great advantage that the entire production cycle of the 
manufactured distribution transformer with all test instruc-
tions, measurement data and protocols can be managed 
centrally by the ERP system. This means that all processes 
related to the quality of the transformer can be clearly 
traced at any time.    

AUTOMATED SWITCHING OF THE TEST 
CIRCUIT   

An automated switching of the test circuit without interac-
tion of the test bay personnel is possible due to using a 
high-voltage switchboard. Once all connections of the dis-
tribution transformer have been made to the test facility, it 
is no longer necessary to enter the test bay during the test. 
As a result, in addition to the time and effort required for 
reconnection, the test facility does not need to be discon-
nected several times.  

 

Figure 3: Automated setup of the test circuit 

A possible version of this automation is shown in Fig. 3. 
All connections of the distribution transformer to be tested 
(9) are connected to the test system at the beginning of the 
test with flexible cables (8). Typically, the high-voltage 
switchboard (4) is located above the test area in order to 
reduce the space requirements of the test facility. It counts 
as well for a minimized length of the connecting cables. 
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The test voltage source (1) is optionally used to supply a 
step-up transformer (2) or a separate high-voltage trans-
former (3). These connections are also established fully 
automatically (Figure 4). 
 

 

Figure 4: Test equipment during the factory test 

The voltage rating of the high-voltage switchgear primar-
ily depends on the voltage levels required for voltage test-
ing with induced and applied high voltage. So, a maximum 
voltage of 72 kV is required for distribution transformers 
of the 36 kV class. These are typically up to 70 kV (line to 
ground) for testing with applied high voltage testing and 
72 kV (line to line) for induced voltage testing. For the 
low-voltage side voltage values of up to 20 kV to ground 
can occur, depending on local test regulations.  
 
Since all switching operations are performed in the ab-
sence of voltage and therefore no arc quenching is neces-
sary, motor-operated open disconnectors are suitable for 
the high-voltage cubicle. However, the contact systems of 
standard disconnectors are usually designed for only a few 
1,000 switching cycles. To fully test up to 10,000 trans-
formers per year with a correspondingly automated test 
bay, disconnectors of a special design are required whose 
contact system is designed for over 100,000 switching cy-
cles using a corresponding combination of contact materi-
als.  
 
In contrast to the manual reconfiguration of the connec-
tions of the test object by the test personnel, the time re-
quired to set-up a new test circuit is only limited by the 
switching time of the motor-operated disconnectors. This 
might be 5 to 10 seconds, depending on the voltage class 
of the disconnectors.  

ERP INTEGRATION AND STATISTICAL 
PROCESS CONTROL (SPC) 

Due to the complexity of the electrical testing in a test bay 
or test field, the hazards and risks inside a test field, a nat-
ural separation between manufacturing and testing oc-
curred. This separation was driven by safety rules and were 
documented in the data environment of a plant like an 
ERP. 

 

Figure 5: Typical data structure at conventional transformer 
manufacturer 

Now ERP-systems will develop more and more the char-
acter of an active data management and analytics systems. 
A key enabler is the integration of all data in the product 
lifecycle including production and manufacturing data. 
 
So, the test system is not longer a singularity it is integrated 
in the process and has to exchange data and information 
within the ERP. The automated test field with automated 
data acquisition is a prerequisite for a fully integrated ERP 
(Fig. 6), as well as the integration of the product design 
data.  

 

Figure 6: Preferential Framework of integrated ERP System 
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A major advantage of the availability of all kind of data 
would be the possibility of statistical process control. 
Based on the correlation of the test data to the production 
and manufacturing data, variations can be correlated. Var-
iations which are inherent to the manufacturing processes 
are called “under control”. That means the root cause for 
an excess of such variations can be directly linked to a dis-
crete manufacturing step. To control the variation addi-
tional specific process quality measures can be applied. 
In the same way, variations which are not related to the 
processes are so-called “special causes”. They are often in-
termittent and not predictable and do not appear at all man-
ufactured objects. A root cause analysis is then difficult to 
execute. The combination of the process data with test data 
(type test and factory test), design rules and design data 
will enable modern data analytics to show new correla-
tions. Vice versa, the design department can verify design 
optimizations based on manufacturing and test data. [5] 

CONCLUSIONS  

To optimize and reduce the production time of distribution 
transformers, a fully automated test field will contribute in 
throughput time and operational safety. Beside that the 
probability of failures during preparation and execution of 
the test can be minimized. To do so, the test system must 
be able to automatically apply all relevant test circuits. 
Here a suitable control system including logic controller, 
sensors and especially automated actors was developed 
and presented.  
The acquired data can be used in a first step for an auto-
matic generated protocol. Furthermore, a connection of the 
automated test system with the ERP will enable additional 
benefits. The test parameters of an individual test object 
can be traced from customer contract and an object specific 
test program can be easily generated and executed. The test 
data can be fed back to the ERP and linked to the product 
design, type test data and manufacturing and production 
data. 
Utilizing tools like statistical process control, process de-
viations in manufacturing can be identified and analyzed. 
This method is not only suitable to identify failures and 
deviations, it can also be used to identify optimization po-
tential in the design of distribution transformers by com-
bining the data of test and manufacturing with the design 
data.  
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