
Transformers
dossier

Germany is currently in the
process of reinforcing much
of its power grid, upgrading

lines from 220 kV to 380 kV. This has
been made necessary by changing
demands on transmission networks
in recent years. The increased use of
renewable energy sources and the
growing international trade in elec-
tricity have increased the amount of
energy flowing through the grid.
This takes its toll on all of the com-
ponents used in electricity supply,
not least the cost-intensive units. It
is already apparent that demand for
power transformers will continue to
rise. One direct consequence of this
development can be seen in longer
delivery times, with some orders of
new transformers now taking up to
three years.

There is increasing pressure to
find alternative ways to meet the
demand for 380 kV transformers.
The challenge for manufacturers
and operators alike is to find new
sources of capital equipment to
close the gap in supply, while still re-
maining cost-effective. Given the
large number of 220 kV transform-
ers currently in service, the prospect
of upgrading them to handle a high

voltage of 380 kV, re-using as many
of the components as possible, is
certainly attractive.

A new lease on life

An example can help demon-
strate the advantages of re-manu-
facturing. A good choice for this
purpose is a type KDRF 315 001 /
220E transformer. Before German
reunification, the TRO transformer
factory in the Schöneweide area of
Berlin produced this type in large
numbers for East Germany’s energy
sector. These transformers are in
use today and still going strong - al-
though some are more than 30 years
old.

The engineers from the ABB
transformer diagnosis & service
centre in Halle were given the task
of finding a way to increase the high
voltage of a 220 kV transformer to
380 kV, re-using as many compo-
nents as possible in the process.
This meant altering the rated power,
ratio and the tapping range associ-
ated with it (see table). 

Just like a new transformer, the
retrofit had to be certified as fulfill-
ing all the requirements of IEC
60076 at 100% of the standardized
test voltage.

Focus on the core

The first analysis yielded mixed
results. The turrets required for
transformers with this voltage could
not be fitted to the cover. This was
because of the “bridge construc-
tion” of the tank and cover, a shape
which allows the transformer to be
transported by rail in Germany. As a
result, it was impossible to re-use
the tank and cover.

On the other hand, the core was
found to be large enough to accom-
modate the new windings with the
insulation clearances required for
the maximum voltage. A commer-

Currently the need for 380kV transformers
cannot reliable be satisfied with respect to
the limited resources in matters of time
and money. Operators switching from
220kV to 380kV need an alternative - and
one is available: intelligent recycling.

Intelligent Recycling

Adapting 220 kV transformers
for the 380 kV network: Getting
more from a core 
For Books and Transformers Alike: Do Not Judge It by the Cover 
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Table

Before After modification

Rated power 250 MVA  (for high and  250 MVA  ( for high and
intermediate  voltage), intermediate, voltage
83 MVA (for low voltage) 60 MVA (for low voltage)

Vector group YNyn0d5 YNyn0d5
Ratio 231,000/115,500/10,500 V 400,000/120,000/33,000 V
Tapping range 231,000 V ±16,5 % in ±9 steps 400,000 V ±16 % in ±13 steps

Table: The main parameters of the type  KDRF 315001/220E transformer



cial viability assessment was then
carried out, with the following clear
result: Even if the core is the only
component that can be re-used, it
makes economic sense to do so. 
(see figure 1)

Before a core can be re-used, it
must be tested to ensure that it is in
good condition. The first test as-
sesses the overall suitability of the
transformer core for re-use. Once
the transformer had arrived at the
factory in Halle, a 12-hour no-load
test was carried out at 108% of the
rated excitation. At the same time,
the insulating oil was continuously
monitored by gas chromatography.
During the technical assessment,
the decision was taken to reduce the
rated induction by 2% in the course
of the retrofit. The test therefore
corresponded to 110% of the per-
manent no-load strain after modifi-
cation. The gas chromatography
during the test showed no increase
in the concentration of any known
fault gases, or only increases that
were well below the standard values
specified in IEC 60599.

Once removed from the tank, the
iron core and its clamping elements
were subjected to the usual thor-
ough measurements and tests. This
included checking the insulation
between active and inactive parts,
measuring the capacities and insu-
lation of the shielding and testing
the insulation on the laminations
by measuring the electrical resis-
tance between them. All of the re-
sults indicated that the core was in
good condition, which is certainly
impressive given that it was con-
structed in 1972.

Putting the plan into action

All of the necessary technical and
commercial requirements for
putting the idea into action had
been satisfied. Now it was time to
start work on the electrical reconfig-
uration and reconstruction.  While
the windings were being laid out
and the necessary electrical calcu-
lations performed, a three-dimen-
sional model of the core was created
in a CAD program. This provided a
vital starting-point for all further
tests and adaptations.

The design of the active part was
accompanied by numerous special-
ized tests and observations. Gener-
ally speaking, it was possible to ap-
ply the standard solutions devel-

oped by ABB for transformers in this
voltage range. However, there were
many details that required special
field computations. For example,
particular attention had to be paid
to the connections between the dif-
ferent windings and between wind-
ing outlets and bushings. This pre-
sented the team responsible for
constructing with a particular chal-
lenge. Thanks to a combination of
years of experience and the latest in
computational techniques on the
basis of CAD simulations, they
achieved their goal.

Modeling shows the way

Different set-ups for the 400 kV
outlets and its insulation were tried
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Figure 1: 3D model of the transformer core

Figure 2: 3D field computation of a outlet and clamping beam



out in the model until the results of
the 3D field computation fell within
the acceptable range. To achieve
this, the shape of the clamping
beam near to the outlets had to be
changed. This, in turn, altered the
mechanical strength of the struc-
ture, requiring a further 3D simula-
tion to confirm that it was still ac-
ceptable. (see figure 2 and 3)

While the work on the core and
simulations were in progress, the

individual parts of the transformer
were manufactured and assembled
- more than 10,000 of them in total.
Following the task specification, the
next step was to carry out a com-
plete type test in accordance with
the latest version of DIN EN 60076,
including temperature rise tests
and voltage tests at test level of
100%. In addition, extensive special
testing was carried out at the cus-
tomer’s request. As well as ascer-

taining factors for the transfer of
lightning impulses, the tests fo-
cused on noise measurements, all
under predefined conditions de-
signed to simulate a normal work-
ing environment. Thanks to the 2%
reduction in core induction at rated
voltage, the sound power level (Lw)
was reduced from 96 dB(A) to 93
dB(A) during no-load and ONAN-
operation. When the high and inter-
mediate voltages were short-cir-
cuited at rated current, the sound
level reached 85 dB(A). All of these
values were within the range set out
in the task specification. The same
was true of the no-load and short-
circuit losses as well as the short-
circuit voltages, so all of the guaran-
teed values were reached and/or fell
within the range of tolerance.
(see figure 4)

The transformer left the ABB site
in Halle on time and ready for ser-
vice after its thorough check-up and
overhaul. Complete with its “new
attire”, the core has recently been
reinstalled and put online.

Summing up

The demand for transformers is
on the rise. So are the prices. The
vast demand in world markets for
raw materials like copper and steel,
particularly on the part of India and
China, is pushing costs up even fur-
ther.

The engineering solution from
the ABB transformer factory in
Halle has proved that 220 kV trans-
formers should not be destined for
the scrap-heap. We need to get away
from the idea that “old” automati-
cally means “inferior”. The reward
for this new thinking is a quality
technological solution at a clear
cost-efficiency. Upgrading 220kV
transformers to 380kV opens up
new options for network operators,
providing an attractive add-on to
buying new.

For questions or comments relat-
ing to this article: Contact Daniel
Krümmling (author), sales engineer
at the ABB transformer diagnosis &
service centre in Halle/ Saale, Ger-
many. E-Mail: daniel.kruemm-
ling@de.abb.com

38 OFFPRINT 6220 published in ew vol.107 (2008), issue 6

Figure 3: CAD view of the upgraded 380kV transformer

Figure 4: The transformer in the high-voltage testing laboratory

daniel.kruemmling@de.abb.com
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