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Resume

This paper deals with the noise level of power transformers operating at
a middle frequency from 800 Hz to 2000 Hz. The factors that influence
the noise produced by power transformers are size, design and operating
conditions. The research shows that the noise level of power transformers
can vary widely depending on these factors. The paper discusses an
overview of different types of power transformers core and their impact on
the transformer’s noise performance. This paper describes the design of
a middle-frequency power transformer, its material composition and the
design of the magnetic circuit and windings, operating in the frequency
range 800 to 2000 Hz, with a capacity of 200 kVA, air-cooled, to be fed from
a suitable frequency converter, characterized by reduced noise. The proposed
solution allows implementation of galvanically isolated DC-DC converters
for auxiliary traction drives and other DC-DC converters.
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1 Introduction

Power transformers can produce several types of
noise, including magnetostriction noise, stray magnetic
field noise and electrical noise. The level of noise
produced by a transformer depends on several factors,
such as the design of the transformer, the quality of the
materials used and the operating conditions.

At a frequency of 1 kHz, the noise level of a power
transformer can vary widely, depending on its size
and design. In general, larger transformers tend to
produce more noise than smaller ones, due to their
greater physical size and the larger magnetic fields they
generate.

The noise level of a power transformer is typically
expressed in decibels (dB) or in terms of sound pressure
level (SPL), measured in decibels relative to a reference
sound pressure level. The noise level of a typical power
transformer ranges from around 20 dB SPL to 70 dB
SPL, depending on the transformer’s size, design and
operating conditions.

The immediate component of galvanically isolated
DC-DC converters of higher voltage and power are
isolation transformers. Due to the required size and
weight of the converters, these are switched at higher

frequencies, while the isolation transformer in question
must also operate at a higher frequency than the
middle-frequency power transformer (MfT). If for most
converters of smaller power ratings, the switching
frequencies are from 5 to 20 kHz, but in the case of
converters with a power rating of hundreds of kVA
the switching frequencies with regard to losses in
the semiconductor switches are up to about 1 kHz.
For these switching frequencies the magnetic circuit
material, the winding and its insulation system must
be designed.

Among the available materials, magnetically soft
amorphous metal materials (AMMs), nanocrystalline
materials (NCMs) or ferrites can be used for the MfTs
in question. The use of ferrite cores for this power class
of MfTs is not relevant due to, among other things,
the size and weight of such MfTs. Depending on what
is commercially available on the market, depending
on the shape of the cores, toroidal or split (cut, “2U”
shaped and glued on the side edges) cores of both AMM
and NCM can be used. Toroidal cores of AMM or NCM
are available in a much wider range, but their use is
technologically almost impossible for MfTs of hundreds
of kVA, due to the manufacturability of the windings.
Only the split cores can be considered, of which the
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NCM ones are preferable, but they are only available
in a narrower range, of limited dimensions and their
main drawback is their considerably high price, which
predisposes them only for higher frequencies. The AMM
cores are already available in larger sizes and weights,
at an acceptable price, but their main drawback is the
splitting section, which is a source of excessive noise
resulting from electromagnetic forces generated in the
core and manifested by mechanical vibrations with
consequent significant noise. The source of the noise
is the magnetostrictive forces originating in the large
magnetostriction coefficient, which is characteristic for
the AMM tapes. In specific tests, it has been shown
that the use of these cores in MfTs has resulted in noise
levels such that their use has proved to be unacceptable,
despite the fact that the manufacturer declares their use
also in the middle frequency transformers.

EVPU a.s. has been developing and manufacturing
static semiconductor traction converters for more than a
decade and part of the equipment of traction vehicles is
also the need to design and develop smoothing chokes for
traction motors or traction intermediate circuit. Several
types of middle frequency power transformer and chokes
been designed for traction converters [1-5].

In the design of a power isolating traction converter
for supplying vehicle’s auxiliary drives with a power 200
kVA, the care must be taken on several design issues.

Considering the high power, application, losses of power
semiconductor elements, a switching frequency of 900
Hz was selected for this purpose, it was necessary to
design a power middle-frequency isolation transformer.
During the tests of the prototype isolation transformer,
a high level of noise was observed at this operating
frequency. Therefore, the source of noise and possible
solution was investigated, which is described in this

paper.

2 Design of power transformer with frequency
900 Hz

The objective was to design a transformer with
a target power of up to 200 kVA, with an operating
frequency of 900 (1000 Hz), with a voltage ratio of 2000
V/890 V, with forced air cooling. According to the design
and the elaborated design documentation, a prototype
transformer type T10-200-2000/893 was manufactured
with the following parameters:
* Rated power 200 kVA
* Primary voltage (rms value) 2000 V (4000 V_ )
* Secondary voltage (rms value) 893 V
¢ Frequency 900 Hz
e Test voltage (N1 < N2) 9.5kV; 50 Hz; 60 s
The basis of the prototype transformer was a core
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Key: SU standardized split tape core, sheet thickness 0.1 mm (material: C5 korno)
AMCC AMM cut core (material: Metglas Alloy 2605SA1)
VAC NCM cut core (material: Vitroperm 500)
Steplap stacked core, transformer sheet thickness 0.3mm
Toroid toroid core, transformer sheet thickness 0.3mm
DDGAP bent core, transformer sheet thickness 0.1 mm
DUO bent core, transformer sheet thickness 0.15mm

Figure 1 Comparison of measured noise vs. flux density for different types of magnetic circuit
at an operating frequency of 900 Hz
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Figure 2 Comparison of measured noise for standard split core at frequencies 400 and 900 Hz
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Figure 3 Comparison of measured specific iron losses from flux density for different
types of cores (core design and material)

made from the amorphous metal materials type
UMCCC-2553. The transformer design is a shell type
with 6 pieces (2xC) of core. During measurements on
the prototype transformer, a very negative phenomenon
was found - noise, the level of which exceeded the limit
of 80 dB (limit value of traction equipment) already at
an induction of approx. 0.45T, at the nominal operating
point it was approx. 100+104 dB.

A number of measurements and experiments have
been devoted to identifying the reasons for existence and
elimination of noise [6-8]. In Figure 1, a comparison of
the noise of the selected magnetic circuits can be seen as
a function of the flux density at a frequency of 900 Hz
and when supplied with a voltage with a square-shaped
waveform. It should be noted here that this was not an
exact noise measurement in a noiseless chamber, but in
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b)

Figure 4 Photography of isolation transformer T10-200-2000/893: a) a prototype of the transformer with a built core made
from AMM; b) a new design with a bent core made of 0.1 mm thick transformer sheet

laboratory conditions with possible noise overlap from
the external environment. The measured characteristics
is further complemented by a remark, the conclusion
that the measured noise was about 3+5 dB lower when
supplied with a sinusoidal voltage waveform. For full
information, Figure 2 shows the measured noise for
a cut core composed of 0.1 mm thick transformer sheet
at 900 and 400 Hz, for a frequency of 5 Hz the noise was
unmeasurable under the given conditions with respect
to the background i.e. less than 60 dB.

From these measurements it was concluded that
the main cause of the noise is the operating frequency of
900 Hz, which is not only clearly audible to the human
ear, but the oscillation, the banging of the sheet metal
in the air gap, is of such a magnitude that it results in
a significant noise.

In addition to noise measurements, these
measurements also identified specific core losses in the
magnetic circuits, see Figure 3, where it can be seen why
an AMM (type UMCCC) was chosen for the prototype
implementation (Figure 4), which at this frequency of
900 Hz is the second best after the NCM cores (VAC),
but the VAC cores are not produced in the required size.

As mentioned above, different variants were
analysed, either in shape, core design (2xC core, toroid,
DDGAP) or material used (amorphous AMCC, UMCCC,
nanocrystalline VITROPERM 500, VITROPERM 500F,
0.3; 0.15; 0.1mm sheet metal). Considering the noise,
the chosen application, the losses, the manufacturing
possibilities, etc., the folded core “step lap” design
became the basis for the final design of the transformer
and the material chosen was GT 100, i.e. sheet metal

with a thickness of 0.1 mm.

The above shortcomings were eliminated by a new
way of designing the magnetic circuit and windings
of the MIT based on the requirement to suppress
magnetostriction in the core sheet metal bundle of the
magnetic circuit and thus minimize the noise caused
by this phenomenon, as much as possible. The essence
of the solution is that for the cores of the MfT magnetic
circuit, an electrical sheet of 0.1 thickness, or thinner,
with a smaller coefficient of magnetostriction, is used.
This sheet is cut in the longitudinal direction and bent
by AEMcore technology into an “O” shape, with the
individual sheets in contact to form a distributed air
gap, with the individual sheets in the bundle having
the ability to dilate and thus compensate for the
effect of the magnetostriction phenomenon. The actual
joining of the plates may be in the coupling or in the
column, whichever is more convenient from the point
of view of assembly. The number of individual cores of
the magnetic circuit also depends on the power of the
transformer. The method and design of the individual
cores and their assembly into a complete magnetic circuit
and the requirement to design at least one winding as
a high-voltage winding make it necessary to design the
transformer as a core transformer, with two concentric
coils of individual windings. Losses arising in the
individual cores of the magnetic circuit are dissipated
by forced air cooling, the cooling channels being formed
by insulating spacers between the individual cores.
Likewise, losses arising in the windings are dissipated
from the surfaces of the individual windings, by means
of channels formed therein by insulating wedges, also
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Table 1 Parameters of the designed transformer

Parameter Value

Rated power 200 kVA

Primary voltage (rms value) 2000 V (4000 V__)
Secondary voltage (rms value) 893V

Frequency 900 Hz

Test voltage (N1 < N2)

9.5kV; 50 Hz; 60 s

Insulation temperature class F

Cooling AF forced air, >5 m/s
Cooling AF forced air, >5 m/s
Load type S1 (permanent)
Operating ambient temperature -40 °C + +60 °C
Vibration and shock according to EN 60373
primary winding resistance 0.01945 Q
secondary winding resistance 0.00232 Q
short-circuit voltage 9%

The weight of the transformer 118kg
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Figure 5 Measured no load characteristics

filling the insulating barrier between the windings
by means of cooling air. The nominal parameters of
designed transformer are listed in Table 1, while the
initial experimental verification of the operational
properties is shown in Figure 5.

The title of the article states a frequency of 1 kHz,
whereas the actual operating frequency of the tuned
power circuit was 900 Hz in the final. The conclusions
stated are also valid for a frequency of 1000 Hz. The
design of the transformer was done analytically based on
the experience of the author’s team in the development
of the Mf transformer series.

3 Conclusion

This paper deals with the noise level of power
transformers operating at 900 Hz, the source of which

is the transformer core. The study examines the factors
that influence the noise produced by the core of a power
transformer and consequently the selection of a suitable
core type and manufacturing technology. The design
of a middle-frequency power transformer, its material
composition and the design of the magnetic circuit
and winding, operating in the frequency 900 Hz, with
a power 200 kVA, cooled by air, to be fed from a suitable
frequency converter characterised by reduced noise, are
described. Considering the noise, the chosen application,
the losses, the manufacturing possibilities, etc., the
folded core “step lap” design, became the basis for the
final design of the transformer and the material chosen
was GT 100, i.e. sheet metal with a thickness of 0.1 mm.
The proposed solution allows implementation of the
galvanically isolated DC-DC converters for auxiliary
traction drives and other DC-DC converters. The findings
of this paper can be used in the design and operation of
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power transformers and help mitigate the impact of
transformer’s noise on the surrounding environment.
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