
ABSTRACT 
Distribution transformers are used 
worldwide and in very large quantities 
as a link between regional medium-
voltage networks and local low-volt
age distribution systems. To ensure 
quality, the required electrical char
acteristics must be demonstrated 
through extensive testing procedures 
on each distribution transformer in 
the production. This paper gives an 
overview of the equipment for auto-
mated testing of distribution transfor-
mers. There are also various options 
presented for a significant reduction 
of the required test time which can be 
achieved by optimizing the interaction 
of automatic switching devices, intel-
ligent system control and largely intui
tively designed test sequences.
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5. Time needed for routine 
tests

The time needed to conduct a full routine 
test of a distribution transformer mainly 
comprises the following elements:

•	 Set-up time for the test system
•	 Total time needed for the individual tests
•	 Time needed for the reconfiguration of 

the test system and reconnection of the 
transformer under test between indi
vidual tests

•	 Time needed for documentation of the 
measurement results

There is only very limited scope for in-
fluencing the total time needed for the 
individual tests, as most aspects of the test 

procedure and its duration are defined in 
IEC standard IEC 60076-3 [2]. 

In terms of the separate source volt­
age withstand test, some manufacturers 
shorten the effective test duration per 
unit by simultaneously supplying the test 
voltage to multiple transformers that are 
connected in parallel. This method, how-
ever, comes with the risk that a weak in-
sulation in one unit, which would become 
manifest as a rise in the test current, can 
easily be overlooked. However, insulation 
failure with a full breakdown would be re-
liably detected, as the test current would 
suddenly rise sharply and the test voltage 
would break down.

More significant reductions of the time re-
quirements are possible through reducing 
both the initial set-up time of the system 
and the reconfiguration time between the 
individual tests. Automated switch-over 
using motor-driven high-voltage switches 
would be one way of saving time in a sig-
nificant order of magnitude. To show this, 
testing with manual clamping of electrical 
contacts of the transformer under test will 
be compared with testing using automated 
switch-over. The time needed for different 
pre-tests, e.g. of the insulation resistance, 
DC winding resistance, vector group etc., 
will not be considered here. These pre-
tests can be conducted on a separate test 
station to save time.

6. Testing with manual 
clamping

When routine tests are conducted in a 
transformer test field where the contacts 
are manually clamped to the transformer 
under test, the following steps must be 

performed as a minimum before each test:

•	 De-energising the test field
•	 Accessing the cordoned-off safety area 
•	 Taking protective measures to pre-

vent electrical hazards (shorting and 
earthing)

•	 Disconnecting contacts to be modified 
on the transformer under test

•	 Making the new contacts on the trans-
former under test

•	 Removing the protective measures 
(earthing rod)

•	 Closing the barriers of the safety area
•	 Switching on the test field

To estimate the number of disconnecting/
reconnecting actions, Fig. 5 shows typ
ical connection options for the individual 
routine tests. Only one connection option 
can be used at a time.

The upper part of the diagram shows the 
connections required for the separate-
source voltage withstand test (7), where 
the voltage is supplied to the high-voltage 
side of the transformer under test (6). All 
of the three phases on the high-voltage 
side are jointly connected to the high-
voltage transformer (5) of the test system. 
The connections of the low-voltage side 
are shorted and earthed for this test.

Much lower voltages are required for the 
separate-source voltage withstand test 
on the low-voltage side; they can be tapped 
directly from the step-up transformer (2) of 
the test system. For this, the three phases of 
the low-voltage side of the transformer un-
der test are connected to the test system (9), 
and the high-voltage side (10) is shorted 
and earthed. An automatic switch in the 
test system connects the three contacts 
with the single-phase test voltage.

More significant reductions of the time require-
ments are possible through reducing both the ini-
tial set-up time of the system and reconfiguration 
time between individual tests

With load loss test, particular attention must 
be paid to establishing reliable connections on 
the low-voltage side with the lowest possible 
contact resistance
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Once the connections on the high-voltage 
side (10) are removed, the induced volt­
age test can be started. For this, a voltage of 
about twice the nominal voltage and at least 
twice the nominal frequency is supplied to 
the low-voltage side. This can be followed 
by a no-load test without the need to re-

configure the connections. The no-load 
current and the losses of the laminated core 
are determined during this test. In order to 
avoid any bias of the measurement result 
through any pre-magnetisation that may be 
present, the no-load test is typically started 
at a voltage that is higher than the nominal 

voltage, and the voltage is then gradually re-
duced to the nominal voltage level. No-load 
tests are carried out at the nominal frequen-
cy of the transformer under test.

Now, to determine the load losses in a 
load loss test, the connections need to be 
reconfigured again (8). The test voltage 
is supplied to the high-voltage side. The 
phase connections on the low-voltage side 
are shorted using a flexible cable that is as 
short as possible and whose cross section 
is as large as possible, because this test is 
conducted at the nominal current of the 
transformer. The load loss that is meas
ured on the high-voltage side includes 
both the losses in the transformer itself 
and the losses in the short-circuit bridge 
and contact resistances. For this reason, 
particular attention must be paid to es-
tablishing reliable connections on the 
low-voltage side with the lowest possible 
contact resistance. This requirement can 
generally only be satisfied through corres-
pondingly high contact forces that ensure 
a sufficiently high contact pressure.

When the described sequence of steps 
is followed, the test field needs to be ac-
cessed five times, and the contacts of the 
transformer under test need to be con
nected and disconnected again seven 
times altogether.

7. Testing with automated 
switch-over

If the transformer test field is equipped 
with motor-driven high-voltage switches 
that permit automated switch-over of the 
test circuitry, the number of manual steps 
carried out by the test personnel can be re-
duced dramatically. Once the contacts on 
the high-voltage and low-voltage sides of 
the transformer under test are connected 
with the test system, the test field does not 
have to be accessed again between the in-
dividual tests. Consequently, not only can 
the time needed to rearrange the contacts 
be saved, but also the time needed to take 
the protective measures to prevent elec
trical hazards and the time to repeatedly 
disconnect and reconnect the power sup-
ply of the test system is no longer necessary.

Figure 7 shows a possible circuit arrange
ment for automated contacting. The con-
tacts of the distribution transformer (10) 
under test are connected with the test sys-
tem using flexible cables. For typical three-

If the transformer test field is equipped with 
motor-driven high-voltage switches that 
permit automated switch-over of the test 
circuitry, the number of manual steps car-
ried out by the test personnel can be reduced 
dramatically

Figure 5. Testing with manual clamping

Figure 6. Test time for manual clamping
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space requirements of the test system on 
the one hand and, even more importantly, 
to keep the connection cables as short as 
possible on the other. The inverter sys-
tem (2), which includes both the requi-
red filter stages and the elements of the 
capacitive reactive power compensation, 
is optionally used here again to feed a 
step-up transformer (1) or the additional 

high-voltage transformer (3). These con-
nections are established automatically via 
low-voltage contactors.

With the six motor-driven switches (4) 
to (9), all of the mentioned test circuit ar-
rangements can be set up without manual 
intervention. The switch positions for the 
individual tests on both high-voltage and 
low-voltage side are listed in Fig. 8 below. 
This arrangement is especially developed 
for an efficient testing of two-winding dis-
tribution transformers. For special trans-
formers with more winding systems (e.g. 
two separate LV windings or even more 
like traction transformers with multiple 
separate windings for rail applications) 
adapted arrangements of motor-driven 
switches are used for best fitting of the re-
quirements of the test.

When testing a distribution transformer 
for the 36-kV medium-voltage grid, the 
required voltage rating of the switches 
(5), (6) and (7) on the high-voltage side is 
typically about 70  kV (line-earth for the 
separate-source voltage withstand test, 
and 72 kV (line-line for the induced volt­
age test) [2]. The required rating of the 
other switches (4), (8) and (9) does not 
exceed 5 kV.

Since all switching operations are per
formed at zero voltage, and switching arcs 
do not have to be extinguished, inexpen-
sive motor-driven open isolating switches 
would be appropriate both from a tech
nical and cost point of view. However, the 
contacting systems of standard isolating 
switches that are used in general power 
supply applications only allow an inad
equately low number of switching cycles 
to be executed, typically between 1,000 
and 2,000 cycles. By contrast, an automa-
ted transformer test field is dimensioned 

phase distribution transformers only the 
phase-contacts have to be connected to the 
test system [5]. For single-phase objects, a 
separate connection point is provided for 
connecting the neutral conductor. This 
additional connection is not shown in Fig. 
7 for clarity. The switches that are shown 
in the diagram are typically arranged  
above the test room, in order to reduce the 

The time needed to establish 
a new test circuit arrange
ment is only limited by the 
switching time of the motor-
driven switches, which is 
much shorter than a mech
anical reconfiguration by the 
test personnel

With the six motor-driven switches all of the 
mentioned test circuit arrangements can be 
set up without manual intervention

Figure 7. Arrangement for automated contacting

Figure 8. Switch positions for the individual tests
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for up to 10,000 transformers to be tested 
per year. To minimise the maintenance 
costs for the isolating switches, special 
disconnectors are used that have a service 
life of more than 100,000 cycles. Specially 

designed combinations of low-wear con-
tact materials are used in such switches, 
and very high-quality actuating elements 
and bearings make for high mechanical 
reliability. 

In contrast to the mechanical reconfig
uration of the transformer contacts by 
the test personnel, the time needed to 
establish a new test circuit arrangement 
is only limited by the switching time 
of the motor-driven isolating switches. 
Depending on the voltage class of the 
switch, this time is between 5 and 10 
seconds.

 
8. Control levels of the test 
field

As well as speeding up the test proced
ure with automatic switch-over devices, 
optimised system control design can also 
deliver time savings, particularly through 
efficient processing of measurement data 
and automated generation of test records. 
If, in addition, the internal data manage-
ment of the test system is linked with the 
transformer manufacturer’s ERP system, 
the testing can be fully integrated into the 
manufacturer’s business processes. The 
manufacturer-specific document ma-
nagement system can then be used, for ex-
ample, to manage the transformer data, to 
create test instructions and to log test re-
sults. Central evaluation of the test results 
of produced transformers would open up 
many additional possibilities for quality 
assurance.

The typical control system used in the 
system can be divided into several hier
archically organised levels. This is shown 
in a simplified manner in Fig. 10, where 
the levels are designated by the letters A, B 
and C. Each higher-level element is char
acterised by an additional degree of ab
straction and greater distance to the hard-
ware of the test system.

The lowest control level (A) comprises 
the internal PLC (3), which directly con-
trols the test system (1) in conjunction 
with a graphical user interface (4). The 
test personnel (5) must enter all electric
al parameters that are relevant for the 
test manually at this control level. The re-
quired internal settings of the system are 
then made automatically by the PLC. The 
performance of adjustments and analyses 
for the load loss measurement (2) and 
the high-voltage measurement also takes 
place at this level. Thanks to the direct vi-
cinity to the system hardware, special tests 
can be conducted here that differ from the 
standardised routine tests. The collected 
measurement results can be stored in a Figure 10. Levels of control in the system

Central evaluation of the test results of pro-
duced transformers can open up many addi-
tional possibilities for quality assurance

Figure 9. Test time with automated switch-over
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A full integration boasts the advantage that 
the entire production cycle of the distribution 
transformer, including all test instructions, 
measured data and records, can be centrally 
managed in one system

raw data format by the PLC and then out-
put for further processing.

Thanks to an extended control system (B), 
which is based on a special PC software 
(6) and a system-specific database (8), the 
level of manual input required on the test 
system for a particular test is reduced to 
typing in the serial number of the trans-
former under test. The test instructions, 
which contain all data that are relevant for 
a particular test, are prepared separately 
in advance and stored in the database. All 
collected measurement results, including 
those of the pre-tests of the transformer, 
are also stored in this database and can be 
matched easily to the tested unit through 
its serial number. Once all of the tests 
are completed, all data can be processed, 
combined and filed in a test record (7). 

The highest degree of abstraction (C) is 
reached when the system-specific data 
management is linked through a coupling 
module (9) with the manufacturer’s ERP 
system (10). Such a full integration, how-
ever, boasts the advantage that the entire 
production cycle of the distribution trans-
former, including all test instructions, 
measured data and records, can be cen-
trally managed in one system. This makes 
it possible to reliably retrace all processes 
that are associated with the quality of the 
transformer at any time.

Conclusion

Considerations presented in Parts I and II 
of this paper have shown that through an 
automation of the individual work steps 
– setting up the test system, setting the 
test parameters, contacting the test object, 
modifying the test circuit, and creating a 
test report – the time needed for routine 
testing of distribution transformers can 
be significantly reduced. The greatest time 
savings are achieved mainly through a fully 
automated adjustment of the test voltage 
source and through the use of motor-op
erated disconnectors for switching the test 
circuit.

When initially outfitting a new test field, 
best results can be achieved when the con-
trol system is optimally matched to the 
hardware components of the test system. 
Our experience in several turnkey projects 
shows that the duration of a complete rou-
tine test on a transformer can actually be 
cut to less than 15 minutes. Compared to 
the duration of a complete test performed 
in a classic way without automation of 
control and switch-over, which takes about 
25 to 30 minutes, it is possible to achieve a 
reduction in test time of about 40 percent.

Even in existing test fields it is possible to 
considerably speed up the daily testing 
routine by updating the control system, 
resulting in easier operation and an auto-
matic execution of test sequences and cre
ation of test reports. 
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