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In this study, two transformers are designed using the ferrite N87 and the
nanocrystalline core materials for the same power level and operating fre-
quency. The operating frequency is defined as 10 kHz, which is suitable for
both materials. Modeling and simulation studies have been performed with
the same finite element analysis software and the obtained results have been
reported. The nanocrystalline and the ferrite N87 core materials have been
compared according to both electrical and mechanical parameters. In these
comparisons, many features such as core and winding losses, flux distribu-
tions, leakage flux, efficiency, and both electrical and mechanical performance
have been reported comparatively in the case of rectangular waveform exci-
tation of the transformer. Obtained results show that the weight and the
volume of the transformer are reduced and more compact transformer is de-
signed by using the nanocrystalline core material. In addition, besides the core
loss, winding losses are also reduced in this design.
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INTRODUCTION

Transformers are commonly used for voltage
matching purposes in many alternating current
(AC) and direct current (DC) power systems. The
basic design strategy followed in the transformer
design process has been valid for a long time.
However, transformers with smaller volume and
lower loss can be produced with modern design
concepts using recent innovations obtained in the
performance of the core materials. On the other
hand, while the transformers have been used only
for line frequency (50/60 Hz) systems for 30 years,
nowadays they are used in medium and high
frequency systems by employing soft magnetic
materials with the spread of the power electronic
converters. Power electronic converter circuits such
as DC/DC, DC/AC, AC/DC, and AC/AC are situated
in modern systems such as the line interface
of renewable energy sources, electric vehicles,
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uninterruptible power supplies and motor drive
systems.'™ Transformers embedded in the power
electronic circuits that are operated in the medium
frequency (400 Hz—20 kHz) and high frequency
(>>20 kHz) range have many important roles, such
as providing galvanic isolation between the low
voltage and the high voltage sides and voltage level
conversion between the input and output. In addi-
tion, the leakage flux reactance of the primary side
can be used as a series resonant component for soft-
switching circuits.*®

Losses and thermal behavior of the transformers
are greatly affected by the waveform of the excita-
tion voltage and the operating frequency.® The
design method for the power distribution trans-
formers operated with the line frequency and the
sinusoidal excitation is called as “classical design
method”.” However, in rectangular waveform or
pulse width modulation (PWM) excited medium-/
high-frequency applications, analysis of trans-
former losses and electromagnetic effects would
require more complicated calculations.® The resul-
tant harmonic components, which are related to the
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duty ratio and the operating frequency, enhance
both the core and the winding losses, thereby
leading to additional temperature rise in the case
of those kinds of excitations.’

The silicon-doped steel alloy core materials (such
as M4 and M5 type) satisfy the requirements for
design of the line frequency transformer. However,
such alloys are quite unsuitable for medium-/high-
frequency transformers because of their thermal
and electromagnetic specifications.'® Thus, the soft
magnetic materials (such as ferrite, amorphous, and
nanocrystalline) have been developed for the med-
ium-/high-frequency transformers used in power
electronics circuits. Recently, 6.5% silicon-doped
non-oriented SiFe alloys (Supercore) have been
available for medium-frequency (MF) designs. Mag-
netic and electrical properties of these materials
differ from each other. The core material type is
determined by the designer according to the limit-
ing values of the frequency-dependent saturation
flux density and the specific core loss. Non-oriented
6.5% SiFe material is generally preferred in the
lower band of the MF range (400 Hz—2 kHz) for the
MF transformer design.'' Although saturation flux
density of the amorphous material is higher than
nanocrystalline, emitted audible noise increases
with operating frequency. In addition, in one of
the earlier studies, the electromagnetic perfor-
mance of the amorphous and nanocrystalline mate-
rials for the high-frequency transformers with
toroidal core was compared, and the obtained
results prove that the nanocrystalline material has
better specifications in terms of losses and volume.'?
Furthermore, it is also reported that nanocrys-
talline materials perform better than the ferrite
and amorphous materials in terms of losses for
different excitation voltages in medium-/high-fre-
quency applications.'?

In addition, Steinmetz’s equation is modified in
order to analyze the core losses of the amorphous
core transformers used in DC/AC inverters at
2 kHz. It is seen that, besides the operating fre-
quency and the magnetic induction peak values,
core losses also vary with the switching duty ratio
under non-sinusoidal excitation.*

The metal oxides that are used in manufacturing
of the ferrite materials have larger resistances when
compared to the alloy core materials. Thus, less
eddy current loss occurs for the high-frequency
applications.'®'® However, sizes of the ferrite mate-
rials limit the transformer design in high-power
applications. There are no sizing limitations for
nanocrystalline materials, and therefore, the trans-
former kW and MW range with power ratings can
be designed with nanocrystalline core material.
Thus, single-phase or three-phase transformers
can be designed for the desired power value.
Nanocrystalline ribbon material with relevant
geometry of the core is obtained by wrapping the
strip like the C-cores. In addition, core losses of the
ferrite core transformer are higher than the
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nanocrystalline core transformer for the same oper-
ating frequency.!” Thus, nanocrystalline materials
have been used in medium-/high-frequency trans-
former design in recent years, esg)ecially for med-
ium- and high-power applications.*®

The magnetic polarization of the transformer
versus the operation frequency curve of the
nanocrystalline material is smoother. Therefore,
use of the nanocrystalline core material removes
the undesired harmonic voltage on the load side of
DC-DC converter transformer. Actually, the trans-
former designed with the nanocrystalline core is
accepted as a linear transformer.” The nanocrys-
talline material exhibits quite favorable performance
according to a specific loss and magnetostriction
value. However, specifications of the nanocrys-
talline material may change according to the man-
ufacturer. The losses and the magnetic properties of
the nanocrystalline materials manufactured by two
different manufacturers are also tested and statis-
tically analyzed. In addition, the two companies do
not offer the same size Eroduct options in terms of
geometrical dimensions.?’

In this study, an MF transformer used in the
single-phase full-bridge inverter circuit and excited
with a 10-kHz rectangular waveform was designed.
Two different core materials were used in the design
stage, and then the performances of the MF trans-
formers designed using ferrite N87 and Vitroperm
250F nanocrystalline core materials were tested
and compared. Since the power level was the same
for both designs, the dimensions of the transformer
cores and resultant core losses were different. In
this report, three-dimensional (3D) models of the
cores and coils of the transformers are modeled with
the Ansys-Maxwell software for finite element anal-
ysis (FEA) method. The power electronic circuit is
modeled with Ansys-Simplorer software simulated
together (co-simulation) in order to obtain more
realistic operation conditions. Transformers with
the nanocrystalline and ferrite core materials are
compared in terms of mechanical design parame-
ters, leakage inductance values, core and winding
losses, and flux distributions on the cores. Obtained
results show that losses, weight, and volume of
the transformer with the nanocrystalline core is
lower than the transformer with ferrite N87 core.
Besides the compact structure and high efficiency,
the availability of the nanocrystalline material
for producing a high-power-capable core makes
it advantageous for medium- and high-power
transformers.

COMPARISON OF THE CORE MATERIAL
CHARACTERISTICS FOR MF
TRANSFORMERS

Magnetic materials include manganese (Mn), zinc
(Zn), iron (Fe), aluminum (Al), nickel (Ni), magne-
sium (Mg), cobalt (Co), silicon (Si), and the other
metal oxides.?! Therefore, the magnetic materials
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are classified into three different categories such as
soft ferrite materials, iron alloy materials, and
powder (powder iron) materials. Although, the
powdered iron materials have lower permeability,
they have larger saturation flux values than the
ferrite materials. Commercially available carbonyl
iron, sendust (or KoolMu) and molypermalloy pow-
der (MPP) core materials are useful for the induc-
tors of the high-frequency converter circuits.??
When saturation flux values, permeability values,
specific core losses, and electrical characteristics are
compared, it is seen that alloy materials and ferrite
materials have different characteristics. The speci-
fic properties of the ferrite N87 and the nanocrys-
talline core materials that are used in this study as
transformer core materials are given in Table I. It
can be seen that the specific properties of the
nanocrystalline core material used in this study
are quite similar to the Vitroperm 250F and the
Finement FT-3M nanocrystalline materials.?*~2¢

MF TRANSFORMER DESIGN

Design parameters of the MF transformer are
determined for a given power value according to the
specific properties of each core material and the
operating frequency. The electrical and the mag-
netic design parameters that affect the sizing are
given in Table II. These parameters represent the
specifications of the designed transformer.

The flux value of the ferrite N87 material is equal
to 2/3 of the nanocrystalline material at the 10 kHz
operating frequency. Therefore, the cross-sectional
area of the core for the ferrite material is greater
than the cross-sectional area of the nanocrystal
core. In the transformer design, the core cross-
sectional area (A,) and the window area (W,) are the
basis of the sizing strategy. Therefore, the area
product (4,) of the transformer can be expressed by
Eq. 1 for a given power value (VA).?”

VA - 104
Ap—Ac'Wa—W (1)

The power handling capacity of the transformer is
plotted as 3D graphics in Fig. 1 according to the
operating frequency (f), the flux density (B), and the
core size (W, and A.). The flux density of the core
material can be determined by this chart for a
certain operating frequency, and thus the maximum
power capacity can be estimated.

For example, a 40-kVA-rated output power can be
provided for 0.3 T flux density by using nanocrys-
talline core material at the 10 kHz operating fre-
quency. However, for the same core size, the power
level can be increased up to 25 kVA for the ferrite
N87 material, because its flux density is only 0.2 T.
Therefore, transformer size will be different if the
different core materials are used for the same power
level and operating frequency values. The basic
strategy in sizing is to get the highest power
capacity value for the certain operating frequency,
whereas choosing the core material can be finalized
by the determination of the lowest core loss.

The cross-sectional area of the core and the
window area are primarily determined from the
area product value obtained from the core sizing.
The nanocrystalline C-core is generated by using
the ribbon width of 50 mm to obtain a 50 x 40 mm
core cross-sectional area. Thus, the window height
of the 100 x 0.4 mm foil can fit to the C-core
dimensions that are shown in Table III and Fig. 2.

Dimensions of the ferrite N87 core have been
determined for the same power capacity with the
nanocrystalline C-core, as given in Table IV. As a
result of lower permeability and saturation flux
values of the ferrite material, the core cross-
sectional area of the Ferrite core transformer
is approximately 1.6 times larger than the trans-
former with the nanocrystalline core. In addition,

Table I. Specific properties of the core materials®

4-27

Parameters

Base material
Saturation magnetization (T)
Permeability (1)
Curie temperature (°C)
Coercivity force, H. (A/m)
Mass density (kg/m®)
Thickness (mm)
Electrical resistivity(Q m)
Conductivity (S/m)
Stacking factor
Specific core loss (W/kg)
10 kHz (0.1 T)
10 kHz (0.2 T)
10 kHz (0.3 T)

Material type

Ferrite N87

Nanocrystalline

MnZn Feq35Cu;Nb3Sii5 5B7
0.39 1.23
2200 5000-7000
210 510
21 0.8
4850 7200

Block core 0.033
10 1.3 x 107
0.1 769,230
- 0.78
1.5 0.35
25 15
8.2 4
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Table II. Design parameters of the transformer

Design parameters Value
Power 35 kVA
Operating frequency (f) 10 kHz
Current density (J) 200 A/cm?

Flux density (B,.) (max. 0.3 T for nanocrystalline)

(max. 0.2 T for N87 ferrite)

Window utilization 0.2
factor (K.,)
Wave form 4

factor (Kp)

P (kVA)
n
o
1

02
®.
B (Tesla) 0.4 05

2

Fig. 1. Power handling capacity of the transformer.

the number of turns in each model is kept at the
same value to provide a better comparison. The
ferrite N87 (UU126/182/20) blocks are used for the
ferrite core transformer as shown in Fig. 3.26
Winding region (W,) changes according to the
current density value (J), which determines the
conductor cross-sectional area (see in Fig. 4). The
window utilization factor (K_) is 0.2. Thus, the
smallest winding volume is obtained with the
nanocrystalline core material and 400 A/cm? current
density at the forced air-cooled dry-type transformer.

EXCITATION OF MF TRANSFORMERS WITH
A RECTANGULAR WAVE VOLTAGE

In this study, two MF transformers with the
different core materials were designed with the FEA
method. In addition, the single-phase full-bridge
inverter circuit given in Fig. 5 was designed with
Ansys-Simplorer software to test the designed MF
transformers.* Thus, both the power electronics and
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the electromagnetic models were simulated under
the real operation conditions.

The MF transformers are usually excited with
rectangular waveforms as shown in Fig. 6. Accord-
ing to this waveform, a voltage (v)) given with Eq. 2
is induced by magnetic induction (B(;)) depending on
the number of turns (V) and the core cross-sectional
area (A,).%®

The flux density magnitude (B,,) for one period
can be expressed as given in Eq. 3 because of the
dead time (Ty). Thus, a number of turns can be
obtained for the MF transformers as given Eq. 4%:

1Vy (T
B =y (5 - To) (3)
_ Vae To
N= K:fA.B, (1 B ?) (4)

where the V. is DC input voltage, fis the operating
frequency, K is the form factor of rectangular
waveform excitation voltage.

MATHEMATICAL MODEL OF THE CORE
LOSSES

Core losses (Pgy.) of the transformer are divided
into two parts as the hysteresis loss (P;) and the
eddy current loss (P,). In addition, the eddy current
losses that are generated by voltage induced in the
core laminations are divided into two parts, the
conventional and the abnormal eddy current loss
(P,). Abnormal eddy current loss is effective under
the non-sinusoidal excitation. The mathematical
expression of the core losses is given in Eq. 5.5%%9

Pcore:Ph+Pc+Pe (5)

This equation can be rewritten by substituting Py,
P, and P, equivalents, as given in Eq. 6:

Pcore = thBgrcnax +Kc (Bmaxf)2+Ke(Bmaxf)l‘5 (6)
where Kj; is the hysteresis coefficient, which is
reduced with the increasing magnetic permeability.
B..x is the peak value of flux density; x is the
Steinmetz coefficient varies between 1.5 and 2.5
according to the material permeability. Here, f
indicates the frequency of the excitation source in
Hz. The eddy current coefficient is shown with K,
and it varies depending on the thickness of the
material, the packing factor and the electrical
resistance values. Finally, K, is the abnormal eddy
current coefficient.”?® In the single-phase full-
bridge inverter circuit with the symmetrical rect-
angular waveform excitation, the magnetization
period of the transformer varies with the operating
frequency. Thus, the flux variation for a certain
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Table III. Sizing of the nanocrystalline C-core

A B c D E F A, W, A, MLT

40 mm 45 mm 120 mm 50 mm 125 mm 200 mm 20 cm? 54 ¢cm? 1080 cm* 28 cm

——

('S5
Fig. 2. Nanocrystalline C-core.
Table IV. Sizing of the ferrite block core
A B C D E F A, W, A, MLT

28 mm 70 mm 126 mm 120 mm 126 mm 182 mm 33 cm? 88.2 cm? 2910 cm* 40 cm

Fig. 3. Ferrite N87 block core.

operating frequency and a duty ratio (D) values can

be written as in Eq. 7. Thereby, the core loss expression given in Eq. 6
dB(t) 4B can be extended for the rectangular waveform
() _ ABmaxtf (7) excitation as given in Eq. 8.°

dt D
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dB
dt

1.5 2 2
D dB
e (Z) (%)

(8)

D 1.5
Pcore = thBfnax + Ke <Z>

Here, K;,, K, and K, values are related to the core
materials. Thus, the core loss of the transformer for
the rectangular waveform excitation takes several
values depending on the operating frequency, the
flux density, the duty cycle and the core material
type. The FEA software uses this mathematical
model while calculating the core loss. The core loss
coefficients of the nanocrystalline and the ferrite core
materials operating at 10 kHz are given in Table V.

EQUIVALENT CIRCUIT PARAMETERS OF
THE TRANSFORMER

In order to obtain the equivalent circuit of the
transformer, self and mutual inductance values of

350 T T T v T T T v T T T v T

—————— Ferrite N87 Core Transformer
300!

Nanocrystalline Core Transformer|

250 for Key=0-2

150 4

Wa (cm?)

100

50+

J (A/mnt)

Fig. 4. Winding region changes according to the current density.
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the primary and the secondary windings computed
with the FEA software are used. Leakage induc-
tance values of the designed transformers are
related to the design geometry. Since the total
volume of the transformer changes with the mag-
netic properties of the core material, the leakage
flux values are also different for the ferrite and the
nanocrystalline core transformers. However, the
leakage inductance value (Lj.qc) is related to the
mean length of the turns (MLT), as expressed in
Eq. 9.7

Ho 2 po Ni-MLT-B
Licax = = ||| H*dv = 9
lealk I%// v 3.C ®)

The mean length of the secondary turns is greater
than the primary turns. Thus, the leakage flux of
the secondary is greater than the primary. In
addition, the AC resistance values of the primary
and the secondary windings can be determined by

Eq. 10 according to the Dowell equation.??-28-3°
R 2
RF:RZC =N 51+ni§(m2— 1)¢& (10)
C
F 3
- L) .
Vie V() h
Buf=———=="""3 1 N
|
B() :
To !
—) !

~ ¥

>
Ve [ -

Fig. 6. Variation of magnetic flux in the case of a rectangular wave
excitation.®2®

w < ’
v PWM1 \r

vde ()

E

PWM3

MF TRANSFORMER

=-\3

Lo

Fig. 5. Single-phase full-bridge inverter circuit.*



An Investigation of Ferrite and Nanocrystalline Core Materials for Medium-Frequency Power 3817

Transformers

Table V. Core loss coefficients of core materials

Core material type K, K, K,

0.0032 2.43 x 10°® 1.55 x 107°
0.0021 1.91 x 1077 1.22 x 107

Ferrite N87
Nanocrystalline

Fig. 7. Transformer winding parameters.

In this expression, the proximity effect varies
with the square of the winding layer quantity (m).
The skin and the proximity effects coefficients
(¢4 and &) are given in Eqgs. 11 and 12,
respectively.??28:30

¢ sinh(2A") + sin(2A")
L=

~ cosh(2A") — cos(2A") (11)

sinh(A") — sin(A’)

<2 = cosh(A") + cos(A)

(12)

As expressed in Eq. 13, the skin effect varies
with the conductor material types. Furthermore,
although the internal resistance of the aluminum
foil is higher than the copper conductor, its skin
thickness (9) is larger than the copper conductor for
the same frequency value.?®

_ [ 2 _ [P
0= w—’uo_oré— n’uf (13)

The effect of the varying depth ratio (A) depend-
ing on the frequency value is given in Eq. 14.

a=tw (14)

As it is seen, the effect of varying (A) depending
on the frequency value is related to the equivalent

conductor thickness. In this study, A is calculated as
0.4/0.85 for a 10-kHz operating frequency and
0.4 mm thickness of the aluminum foil (d,). The
porosity factor (y,,) of a solid winding is the ratio of
window height (A.) to foil winding height (,,), as
given in Eq. 15 and Fig. 7.28

hy
Nw = h_c (15)

In this study, 5, is calculated as approximately
100/120 for the proposed transformer models. When
the penetration depth ratio is rearranged with the
porosity factor of the winding, Eq. 16 is obtained.?®
Thus, the rearranged depth effect ratio (A’) can be
calculated as approximately 0.43 for the trans-
former windings.

N = /oA (16)

Resistance values of the transformer’s primary
and secondary winding with C-core Nanocrystalline
were obtained from the FEA model and are given in
Table VI and Fig. 8. Because the secondary winding
wounds around the primary winding, the volume
and the resistance of the secondary winding become
higher than the primary winding.

Since dimensions of the ferrite core transformer
are bigger, its leakage flux values are normally
different. This leads to a difference in the input
impedances values of two designed transformers.
This causes small differences between the input
current values for the same operating frequency. In
addition, this situation may have a slightly negative
effect on voltage regulation. Inductance parameters
of the nanocrystalline and the ferrite core trans-
formers are shown in Table VI.

It can be seen that since the type of transformer
core material affects the sizing of the transformer, it
also affects the core losses and leads to differences
in the resistance values of the windings. Therefore,
the lower flux and the permeability values increase
the transformer volume and affect the winding
losses.

The AC resistance values of the primary and
secondary windings are calculated depending on the
operating frequency by the FEA parametric solver.
The obtained results are given in Fig. 9a and b,
respectively. It is seen from these figures that the
AC resistance values of the ferrite core transformer
windings are greater than the resistance values of
the nanocrystalline core transformer windings. It
can be said that the selected magnetic material
affects the volume and AC resistance value of the
windings and it consequently affects the losses, too.

In order to examine the current density of the
windings dynamically, Fig. 10 compares the disper-
sion according to a maximum 400 A/cm? current
density value. It has been determined that the AC
resistance value of the transformer winding with
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Table VI. Equivalent circuit parameters of the transformer for a 10-kHz operating frequency

Design type Ly, WH) Ly (WH) Ly mH) Rpg (kQ) R, (kQ) N1/N2
Ferrite N87 core 1.78 5.92 5.8 1.25 10.2
Nanocrystalline core 1.27 5.37 6.2 5.34 12.9
R.., DLy Ny 1 Lis  Racs (a) [ tazen21
Q_/\M_{YYY\ NYY\_I\A/\,_D
: S : 4o, 0o
! I Y, 373.33
vV, Rre L :l T : 2 . 346. 67
| , 320.00
o : ‘ o 293.33
“““ : 266. 67
Fig. 8. Transformer equivalent circuit parameters according to the 249,90
core structure.® #18.39
186. 67
169. 60
133.33
16 i i — 106. 67
(a) ] [ 89.00
| — — _ Ferrite N87 Core Transformer 7 0 53.38
14 3 26.67
g Nanocrystalline Core Transformer / 9.00
3
- (b) [ tazen~21
£
- 400. 00
- 373.33
14 346. 67
320.00
293.33
266. 67
— 240. 00
T 2 T | 213.33
107 10" 10° 10' 186. 67
160.08
S (kHz) 133.33
106. 67
20 T T T w.ea
(b) | 1 53.33
184 __ __ _ Ferrite N87 Core Transformer // 26.67
L .00

Nanocrystalline Core Transformer  ,

16 -

E

=

o

E

<

-]

[+ 4
il B

1 T T T T T T T

107 10" 10° 10'

s (kHz)

Fig. 9. AC resistance value according to the different core structure;
(a) primary winding resistance, (b) secondary winding resistance.

ferrite N87 core material is higher and therefore,
power dissipation and resultant temperature is
higher at the upper and lower edges of the foil.

Fig. 10. Current density distributions; (a) the nanocrystalline core
transformer, (b) the ferrite N87 core transformer.

Table VII. Losses of the transformers

Core Winding Total
Design type losses (W) losses (W) losses (W)
Ferrite N87 core 128 150 278
Nanocrystalline core 30 125 155

The current density on the surface of the foil is not
homogeneously distributed due to the skin and the
proximity effects caused by the frequency value.
Reducing the number of layers of foil by wrapping or
dividing the windings are the best two convenient
methods in order to minimize these effects. The
primary and the secondary windings of the modeled
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Table VIII. Mechanical properties of the transformers

Core Core
Design volume weight
type (cm®) (kg)
Ferrite N87 1614 7.8
core
Nanocrystalline 903.6 6.5
core

Winding Winding Total
volume weight weight
(cm®) (kg) (kg)
750 2.1 9.9
600 1.6 8.1

transformer have been divided into two identical
parts. Thus, the increase of the AC resistance
values of the windings has been maintained at an
acceptable level.

PERFORMANCE ANALYSIS WITH THE FEA

The MF transformers with the ferrite N87 and
the nanocrystalline cores were modeled as shown in
Fig. 11 using Maxwell 3D software in order to
compare their performances. These two transform-
ers were analyzed at the same operating frequency
values, excitation waveform types, and power levels.
Thus, the performance of both core materials can be
distinguished clearly.

Transformer loss data under the rectangular
waveform excitation is given in Table VII. As shown
in the table, the core loss of the transformer with a
nanocrystalline core is approximately four times
less than the transformer with a ferrite core for the
same power. Additionally, larger volume of the
ferrite core leads to larger winding volume and
thus higher winding losses, too.

As seen from the Table VII, the total loss of the
nanocrystalline core transformer is lower than the
ferrite core transformer. This means that the selec-
tion of the nanocrystalline core leads to a more
effective transformer design. Besides, the ferrite
core blocks limit the transformer power capacity.
Therefore, the nanocrystalline core material seems
more feasible for MF transformers, especially for
high-power capacity.

Furthermore, mechanical performances of the
designed transformers with different core materials
are investigated and summarized in Table VIII. It is
seen that both the core volume and the winding
volume of the ferrite core transformer are higher
than those of the nanocrystalline core transformer.
Thus, a more compact structure can be obtained
when the nanocrystalline core is used in the MF
transformer design for the same power and operat-
ing frequency.

Flux distributions of the transformers obtained by
the FEA are shown in Fig. 12. The ferrite core and
the nanocrystalline core transformers at the 10-kHz
operating frequency are dimensioned for max 0.3 T,
respectively. It is seen that the maximum flux

(a)

(b)

Fig. 11. MF transformers with the different core materials; (a) the
nanocrystalline C-core, (b) the ferrite N87 block core.
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(a) B [teslal

.38
@.28
.26
8. 24

@.22
@28
@.18
@.16
a. 14
@.12
2.18
@.88
@.86
@.84
8.082
@.08

D

(b) B [teslal

a. 38
.28
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Fig. 12. Flux distributions; (a) the nanocrystalline C-core, (b) the ferrite N87 block core.

density, which is predefined for the design process
for both material types, is not exceeded.

CONCLUSION

In this study, two different MF transformers for a
35-kVA power and 10-kHz operating frequency
were designed with a ferrite material core and a
nanocrystalline material core to provide comparison
between these materials. Effects of the core mate-
rial on size, losses, and efficiency have been exam-
ined in detail. Differences on the saturation flux
value and the specific core loss values affect the
total size, the weight, and total losses of the
transformer. Consequently, specifications of the
core material used in the MF transformer affect
both core and winding volumes and losses. The
results prove that the MF transformer with the
nanocrystalline core has better features in terms of
size, volume, weight, and total losses. Core and
winding losses of the nanocrystalline core trans-
former are approximately four times and 1.2 times
less than the ferrite core transformer, respectively.
Finally, total losses of the nanocrystalline core
transformer are 1.8 times less than the ferrite core

transformer. In addition, the core volume and
weight of the transformer is reduced by 710 cm®
and 2 kg, respectively, by using the nanocrystalline
core. Similarly, total winding volume and weight
are reduced by 150 cm® and 0.5 kg, respectively.
This situation becomes more important at high
power levels.

This means that the nanocrystalline core becomes
more efficient and compact for the production of an
MF transformer design. In addition, the nanocrys-
talline material is suitable to produce bigger cores
that are limited to high power levels. Therefore, the
nanocrystalline core material is quite convenient
according to both the core and the winding dimen-
sion criteria for medium-frequency, medium- and
high-power applications.
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