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High-frequency modeling of a current
transformer using Finite Element Simulation

P. POULICHET?, F. COSTA? Member IEEE, E. LABOURE?

Abstract--This paper depicts a method to elaborate a high
frequency (100kHz to 50MHz) model of a current transformer.
Finite-element analysis is employed to determine the values of the
different parameters of the circuit model. All electrostatic and
magnetic couplings are taken into account and calculated with the
finite-element method. The paper shows how parasitic
capacitance and flux leakage alter the transformer frequency
response. These effects are deeply modified by the primary
conductor position, by an air-gap in the core and by the presence
of a shielding case around the transformer. These aspects are
pointed out in the study. Simulation results are compared and
discussed with experimental ones in order to validate the
accuracy of the models.

Index Terms--Air-gaps, Current transformers, Electromagnetic
shielding, Finite element methods, High frequency modeling.

|. INTRODUCTION

The area of power electronics requires high performance

current transformers for the following reasons:

e Static converter’s switching frequency extends from
100Hz to 1MHz so the high cut-off frequency of
current transformers has to be extended to over 10MHz.

e Current shape can be sinusoidal or pulsed containing a
DC component or high frequency ringing.

e MOSFET or IGBT are generating high dl/dt; values up
to several kA/us are usually reached. So, static
converters generate strong radiated and conducted EMI

[1]-[2]

This paper aims to explain how parasitic effects alter the
ideal frequency response of a current transformer, and how to
build a high-frequency accurate model. Therefore,
improvements can be brought up in the design of a passive
current transformer.
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Many papers discuss how to establish the high-frequency
model of a magnetic device. References [1]-[2] highlight the
problems encountered when conducting current measurements
in a power electronic device. They depict the realization of a
high-frequency current probe (50A-300MHz). However, the
high-frequency electric models presented in these papers are
not accurate enough to represent the high-frequency behavior
of the current sensors. References [6]-[7] describe the
modeling of a high-frequency voltage transformer. These
papers develop equivalent circuits for a high-frequency
transformer. But the models of the high-frequency phenomena
are not accurate. Reference [4] describes the modeling of an
induction machine stator windings using a Finite Element
Method (F.E.M). The method described in this paper is
interesting but the model that takes into account all the
couplings between all the conductors is very complex and non-
suitable to solve our modeling problem. Reference [5] relates
to the problem of the mutual inductance that depends on the
primary winding position when designing a high precision
mutual inductor. This paper is valuable for handling the
decentred primary conductor case. In general, these mentioned
papers give partial answers to our modeling objective.
Therefore, a synthesis work has been necessary in order to
achieve the modeling of the high-frequency behavior of a
current transformer.

This work is organized as follows. Section II introduces the
principle of the current transformer. Section Il describes our
modeling principle based on a Finite Element analysis and
presents the different steps in order to construct the lumped
equivalent model necessary in circuit simulations. The lumped
element model will be used in order to analyze the effects of
the primary conductor position in the transformer window.
Finally, the model will be enhanced in order to take into
account the shielding case around the transformer. Simulations
of frequency response and experimental results are presented
and discussed in section V.

I1.PRINCIPLE OF THE CURRENT TRANSFORMER

The current transformer principle is based on Ampere’s Law
as shown in Fig 1. The current transformer used in this study is
realized with a toroidal ferrite core wound with N2 secondary
turns and loaded by a 10Q resistor. An air-gap has been cut in
the core in order to place a Hall sensor for DC measurement.
The low cut-off frequency is expressed by:
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A. is the area of the magnetic circuit, t is the air-gap width.
The main characteristics of the current transformer are
presented in Table I. In this configuration, the low cut-off
frequency is situated around 1 kHz.

Fig. 1. Description of the current transformer

TABLE |
MAIN CHARACTERISTICS OF THE CURRENT TRANSFORMER

The air-gap avoids the magnetic core to be saturated by a
DC component in the primary current. Furthermore, it
increases the linearity of the magnetic curve.

The main effects that influence the high-frequency
limitations are:

e The capacitance between the primary and the secondary
windings. For example, if the primary conductor is
situated in the vicinity of a secondary turn (see Fig. 2),
the capacitive coupling between this turn and the
primary conductor is increased.

e The resonance between the transformer leakage
inductance and the capacitance located between the
secondary winding and the core.

e The variations of electromagnetic couplings in the
transformer due to the position of the primary
conductor in the transformer window.

Fig. 2 shows the magnetic core inserted into a shield. An
air-gap in the top of the shield is used in order to avoid a short-
circuit. This air-gap is situated between the primary conductor
and the magnetic core. Outside the core window, the shielding
case is closed. It has been shown in [2] that the window part of
the shield reduces the flux leakage in the high-frequency range
(100kHz-10MHz).

Fig. 2. Primary conductor located near the air-gap and representation of the
shield around the current transformer

A, Low frequency model of the transformer

A description of the low-frequency model of the transformer
used in the later part is depicted. The electric model derived
from the fundamental equations of a magnetic device is
presented in Fig. 3.

Fig. 3. Electric circuit model for a generic two winding transformer

When k is defined as the coupling coefficient, the turn ratio
of the transformer is evaluated with (3). nl is the turn number
of the primary and n2 is the turn number of the secondary.

m=Kk—= @)

The model of the transformer is defined if Ly, If and m are
determined.

B.  High frequency model of the transformer

The high frequency limitation of the current transformer

transfer function depends on two main factors:

e Firstly, the coupling capacitance between the primary
and the secondary winding causes a resonance with the
leakage inductance, and it causes the transfer function
to raise up at the resonant frequency.

e Secondly the differences in the values of each section’s
coupling coefficient alters the transfer function. It
causes successive resonance and anti-resonance with
large variations of the transfer function.

These effects will be highlighted in the following part.

Simple models will be used later in order to explain the
experimental results.

Reference [2] shows the influence of the capacitive coupling
between the primary and secondary windings. This effect on
the transfer function is caused by the resonance frequency due
to the leakage inductance If and to the capacitances Cp
(primary winding capacitance), Cps (primary to secondary
winding capacitance) and Cs (secondary winding capacitance).
At resonance conditions, the transfer function level increases
strongly. The first resonance frequency is expressed by (4).

= L @)

27.J1,m(C, +C,)

Now if we assume that the coupling factor, the leakage
inductance and the capacitive coupling are not uniformly
distributed, a simplified model as depicted in Fig. 4 can be
used. Only two sections have been considered. Fig. 4
highlights the phenomena which alters the transfer function. A
resonance between the leakage inductance If and the secondary
capacitance C appears when the two coupling coefficients m1
and m2 are different. Two resonances can be observed
depending on the leakage inductance, the capacitance values C
and the coupling coefficients m values.

Fig. 4. Two resonance frequencies caused by the non-uniformly distributed
coupling values

In this simple case, the resonance frequency f is calculated

by (5),
= M withm =| 1472 | 1. ™ | 5)
27 C( m, mlJ m, m,
=2,
2 m, m,

and the anti-resonance frequency fs is calculated by (6).

(6)
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I11. MODELING PRINCIPLES

The determination of all parameters of the high-frequency
equivalent model using the F.E.M. method is described.

A modeling method for magnetic circuits has been
introduced in [9] in order to predict the distribution of the
leakage energy in the windings of a magnetic structure. This
method is not applicable in the case of a partially wound core
because of the air-gap.

The method based on F.E.M. analysis is presented in order
to determine the elements of the model. Afterwards, a
description for determining the inductive and capacitive
parameters is described.

A. Determination of the parameters of the transformer model

Consider the model presented in Fig. 3. The parameters can
be obtained with the following process.

1) Determination of the magnetizing inductance L,

In a first step, a 1A current is applied in the primary winding
and the value of L is obtained when calculating the magnetic
energy Wi in the volume of the core and in the air around the
core:

Wi=%L, (7
2) Determination of the turn ratio m

In a second step, a 1A current is applied in the secondary
winding of the model presented in Fig. 3. The energy stored in
the system is:

W, =% (Ly + If) m? (8)

In a third step, a 1 A current is applied in the primary and in
the secondary. So, it is equivalent to applied 1A in the primary
and 1A in the secondary of Fig. 3. The energy W3 in all the
materials of the F.E.M. simulation is given by:

Ws =% (L, m.(m-1)+ If. m?) 9)

The 3D F.E.M. technique is used to calculate the energy Wy,
W, and W3. Using relations (7) (8) and (9), (10) is obtained in
order to determine the turn ratio m.

m = We =W

W, (10)

3) Determination of the global leakage inductance
A 1A current supplies the primary conductor. Each part of

the secondary winding (see Fig. 2) is supplied by a 1A current
divided by the number of turns, in order to obtain zero-flux in

the magnetic circuit. The value of If is obtained when
calculating the magnetic energy W. in all the materials.
Wy =%If (11)
The partial leakage inductance Ifi (associated with each

section around the core) is obtained with the energy calculated
in the volumes around a turn.

B. Determination of the circuit model

The modeling principle shown in Fig.5 consists of dividing
the winding into sections, each one is represented by an
equivalent circuit. The current transformer is divided into
sections (Fig. 5.a). Each section is represented by a single turn
placed on the core for F.E.M. analysis (Fig. 5.b). All sections
are assembled for establishing a circuit model of the current
transformer (Fig. 5.c). The elements of each section are
determined analytically or measured when possible or
evaluated by F.E.M. simulation as previously described. The
variation of the resistance of the secondary winding with the
frequency is represented by the block “skin effect” of Fig. 5.c.
It is determined with F.E.M. simulation.

Fig. 5. Transformer sections and associated electrical models

The electrostatic and magnetic energy situated around each
turn (i.e. a section) permits us to obtain the parameters of each
section electrical circuit. As a consequence, the values of the
section’s components may be different relative to the primary
winding position or to the air-gap vicinity. For example when
the primary conductor is in the vicinity of one section, the
capacitance Cps of the nearest section is greater than the ones
of the opposite side. In order to take into account the
capacitive couplings between the secondary winding and the
poorly conducting ferrite core, the impedance Zw is introduced
in each section.

Based on results determined for 5 sections of Fig. 5, new
parameters have been interpolated in order to establish a
model with 10 sections, corresponding to 100 turns (10
sections of 10 turns each) transformer. This method allows us
to have a sufficient accuracy and to limit the simulation time.
When all the components of the 10 sections are determined,
the global model of the current transformer is constituted as
shown in Fig. 6. In the primary side, all the connections of the
sections are connected in parallel on the global magnetizing
inductance Lp. In the secondary side, the sections are
connected in series. All sections are connected together by an
impedance named Zcore. It models the impedance of the core.
It has been measured as described in paragraph I11.E.

Fig. 6. Connection of all sections in order to constitute the model of the
current transformer
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C. Determination of magnetic parameters with F.E.M.
simulation

1) Magnetizing inductance Lu

Firstly, it is necessary to determine how the magnetic flied B
is distributed in the core and in the air-gap. This is done by
using Magnetostatics part of the software [3]. The magnetic
properties of the materials and the current density in the
primary conductor are included in the input data.

The sum of the energies in the air, in the conductor and in
the ferrite core defines the magnetizing inductance. Because
the computation volumes represent Y2 of the model, the
magnetizing inductance is given by (12):

S

Table 11 give the calculation results for two permeability
values and 1A primary current (Ip).

(12)

TABLE Il. VALUE OF ENERGY IN THE DIFFERENT PARTS OF THE TRANSFORMER

The following values are obtained:
Mr = 1000, Ly, =203nH
Hr = 3000, Ly = 215nH.
These values are close together because the energy is mainly
stored in the air-gap and the L value remains almost constant.

The influence of the primary conductor position on
magnetizing value inductance has been studied. Fig. 2 presents
the axes system, which locates the position of the conductor.
Table 11l compares the variations on the inductance L values
measured and computed by F.E.M. at different conductor
positions.

Table Ill. Variations of the magnetizing inductance, measured and
calculated

Table 11l shows some differences between the simulated
results and the measurements. They can be explained by the
experimental configuration that differs from the ideal
simulation topology. Nevertheless the results are very close.
This confirms the validity of this first modeling step.

2) Determination of the global leakage inductance

In order to compute the leakage value, the eddy-current
analysis module [3] is used. The leakage inductance is
obtained by applying an AC (at 1MHz) current density in the
primary and secondary conductors. The total magnetic energy
in the air around the core and in the conductors corresponds to
the total leakage inductance. The values of the total leakage
inductance calculated for different positions of the primary
conductor are indicated in Table 1V. The value of the total

leakage inductance is globally reflected to the primary
conductor and it represents all the magnetic leakage effects of
the transformer.

TABLE IV. VALUES OF TOTAL LEAKAGE INDUCTANCE REFLECTED TO THE
PRIMARY

3) Calculation of the partial inductance

Partial leakage inductance is determined by the magnetic
energy located around a section and in the space between the
primary conductor and the section. The values are given in
Table VII.

4) Calculation of the coupling coefficients m

In order to determine the coupling coefficient m for each
section a current density corresponding to 1A is applied
successively in each section. The energy W3 of Table V is
obtained when the primary conductor and a secondary section
are supplied. The coupling coefficient m is obtained using
equation (10).

TABLE V. ENERGY W2 AND W3 FOR EACH SECTION

The value of the magnetizing inductance calculated by
F.E.M. is Ly = 154nH. This value is different from the values
obtained in Table Ill because in that case the F.E.M. meshing
has been simplified. The coupling coefficients are calculated
with the values of the Table V, and Table VI gives the m
values of the 5 sections. The coupling coefficient m of section
1 (situated near the air-gap) is much smaller because the core
cannot perfectly conduct the flux. Inversely, section 3 is
situated in the middle of the core where the flux is better
conducted. So the m value is close to 1.

TABLE VI. VALUES OF M FOR EACH SECTION
5) Values of m and If for the complete current transformer

Using the values that have been previously determined, ten
new values of m are interpolated. Each of these values
corresponds to a section of ten turns, and finally the electric
model of the current transformer is defined corresponding to
100 turns. The coupling coefficient m and the leakage
inductance If are presented in Table VII when the primary is
well centered (x=0 and y=0), when the primary is placed near
the air-gap (x=0,01 and y=0) and when the current transformer
is shielded. When the primary conductor is placed near the air-
gap, the coupling coefficient m1 increases because the primary
is located near section 1. The leakage inductance If increases
when the primary conductor is located near the air-gap.
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TABLE VII. TURNS RATIO M AND LEAKAGE INDUCTANCE If WHEN THE
PRIMARY CONDUCTOR IS WELL CENTERED (X=0, Y=0), WHEN THE PRIMARY
CONDUCTOR IS PLACED NEAR THE AIR-GAP (X=0,01, Y=0) AND WHEN THE
CURRENT TRANSFORMER IS SHIELDED.

When the current transformer is shielded (modeling of the
Fig. 2) the F.E.M. calculations have shown that the values of
the leakage inductance are strongly reduced and become
constant. Furthermore the coupling coefficients of each section
are almost constant. These results are very interesting because
they indicate that the cut-off frequency increases. These
characteristics are verified in the experimental results section.

D. Electrostatic effects : determination of parasitic
capacitances

Reference [8] depicts an analytical approach based on
simplified assumptions. The F.E.M. is used to determine the
capacitance in a complex topology of conductors because an
analytical method is not possible in this case.

As indicated in Fig. 5.c, three main electrostatic effects are
included in the model of a section:

e The capacitance between the primary conductor and
secondary C,s and Cys». When the primary conductor is
located near the air-gap, these capacitances are different.
These values are calculated with the F.E.M..

e The capacitance between the primary conductor and the
magnetic material C, and C,.. The influence of this
capacitance is important when the primary conductor is
located near the core. The values are calculated with the
F.E.M..

e The capacitance between the secondary winding and the
magnetic material Cs. This capacitance is uniformly
distributed. This value is calculated with F.E.M. and
verified experimentally.

An improved model that takes into account the shield is
proposed in Fig. 7. The capacitance between the primary
conductor and the secondary winding is represented by two
capacitances connected together to the shield.

Fig. 7. Model of a shielded section

1)  Principle of capacitance calculation

The electrostatic field simulator computes the static electric
fields arising from potential differences and charge
distributions. The field simulator solves the electric potential
V in the field equation derived from the Gauss law. The
electrostatic energy W is calculated. Because the computation
volume represents % of the model, the capacitance C is
expressed by :

C=4W (13)

The capacitance between the primary conductor and a
section (Cps or Cps for each section) is defined in each region
of space, especially when the primary conductor is not
centered. This capacitance is obtained when a potential of 1V

is applied between the primary conductor, and successively to
each section.

2)  Capacitance Cs and impedance Zw

The capacitance between all the sections of the secondary
winding and the core is determined when a potential of 1V is
applied between the winding and the core. This value is about
16pF when the thickness of the insulator is 0,1mm. Because
this value is crucial, we have measured with a network
analyzer the impedance between one end of the winding and a
contact stuck on the core. Fig. 8 compares the measurement of
the impedance for a 10 turns winding that represents a section
and the simulation results.

Fig. 8. Equivalent impedance measurement between one output of the
winding and the magnetic core

Fig. 8 shows a good agreement between the impedance
measured in the case of 10 turns winding, and the impedance
of the circuit model. The dipole represents the capacitive
coupling Cs and the losses in the dielectric. The values of the
model are given for one section composed by ten turns.

3)  Values of capacitance used for the simulations

Table VIII presents the different values of the capacitances
of the section models described in Fig. 5.c and in Fig. 7.
Despite the Cps (primary to secondary capacitance) value
being very small, it is very important to take it into account. In
the case when the primary conductor is well centered, Cps and
Cpc are uniformly distributed in each section. So the energy is
computed in all the F.E.M. model and distribute with the same
value. When the primary conductor is located near the air-gap,
the capacitances are determined with the energy computed in
the regions around a section. The curve of the value of
capacitance as a function of the turn angle is constructed in
order to interpolate new values of Cps and Cpc [11].

TABLE VIII. TOTAL CAPACITANCE USED FOR THE SIMULATION

E. Influence of the magnetic core: electrical model of the
core

Core connections are provided in the model of the Fig. 6 in
order to connect them together with the impedance Zcore that
takes into account the impedance of the magnetic material. The
impedance of the magnetic material core has been measured
when two contacts stuck on the core are separated with the
same space as a 10 turns winding. This impedance
measurement is shown in Fig. 9.

Fig. 9. Impedance measurement of magnetic material

A functionally dependent model of this impedance (modulus
and phase) has been included in the electrical model.
However, the variation of the impedance with the frequency is
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due to the constitution of the ferrite material [10].

IV.EXPERIMENTAL RESULTS AND DISCUSSION

The global model presented in Fig. 6 is determined for the
unshielded and for the shielded current transformer. The
partial model of Fig. 5.c (for the unshielded current
transformer) and the partial model of Fig. 7 (for the shielded
current transformer) are determined with the magnetic results
of the Table VII and with the capacitance given in the Table
VIIl. The magnetic impedance is represented with a Spice
function that represents Zcore. The equivalent circuit of the
Fig. 8 replace the impedance Zw.

In this section comparisons between the simulation of the
electric model depicted up to now and the measurements of the
current transformer are conducted.

A. Unshielded current transformer

1) Centered primary conductor

In order to obtain accurate measurements, a specific
adaptation device on the network analyzer has been built. The
cable from the network analyzer that passes through the
window of the current transformer is fixed far from the metal
case shielding of the adaptation device. Calibration of the
circuit is allowed. Fig. 10 compares the measured and
simulated transfer function gain and phase versus frequency
when the primary conductor is centered.

Fig. 10. Current transformer transfer function gain and phase versus
frequency when the primary conductor is centered. Thick lines:

Measurements. Thin line: Simulation.

A satisfactory matching can be observed between the
simulation and the experimental results. The measured
sensitivity of the current transformer is 83mV.Al and the
sensitivity obtained with simulation is 85mV.A. The error is
2,4%. The sensitivity is fixed with the sum of the partial

10

coupling coefficient of the Table VII (Z m; =90 turns) and
i=1

with the loaded resistance (10 Q//50 Q); So the sensitivity is

92,5 mV.AL, But the leakage inductance, the resistance of the

winding and the impedance of the magnetic material contribute

to reduce the sensitivity.

The usable bandwidth of the transformer is correctly
calculated. The shape of the curve around the cut-off is well
reproduced. Note that the capacitive coupling between the
primary and the secondary windings can be observed with the
behavior of the curve above the 30MHz frequency. As shown
in Fig. 4 successive resonances and anti-resonances can be
noted.

The phenomena in the range 6-8MHz are corresponding to
the highest values of the leakage inductance and capacitance.
The first anti-resonance and resonance frequencies measured

are respectively:
f, = 7TMHz and f; = 7,5MHz
These frequencies can be estimated with the relations (5)
and (6) and with the results of the Table 1X. The minimal and
maximal values of the leakage inductance of the Table VII are
reported to the secondary.

TABLE IX. MAIN RESULTS FOR PRIMARY CONDUCTOR WELL CENTERED

(5) and (6) gave: f; = 6,47MHz and f; = 7,12MHz. These
values are close to the previous values. Obviously, the
propagation phenomenon is not taken into account in our
models. Therefore, the validity of the frequency analysis is
limited to around 50MHz. The resonance over 40MHz cannot
be predicted because of the restricted number of sections in the
model. Another limitation is introduced by the measurement
process. Because the Cps value is very small (0,6pF), the
influence of the metal case shielding of the adaptation device
cause a dependence of the current transformer transfer
function gain with the placement of the air-gap.

Nevertheless two important points are correctly determined:
the sensitivity of the current transformer and its frequency
limitation.

2) Influence of the impedance of the magnetic material

We compares two simulations with different values for the
impedance Zcore. When the impedance Zcore is high, the high
cut-off frequency is improved. This is interesting in order to
increase the high cut-off frequency of the current transformer.

3) Non centered primary conductor

Fig. 11 shows the current transformer transfer function when
the primary conductor is located 1,5mm near the air-gap.
Significant changes can be observed in the experimental or
simulated curves compared to Fig. 10.

Compared to the results with the centered primary
conductor, the global leakage inductance increase from
14,7nH to 20nH. Table VII shows that the coupling coefficient
increase when the primary conductor is located near the

10
secondary winding (Zmi:94,6 turns). The measured
i=1
sensitivity is 73,6mV.A-1 and the simulated sensitivity is
76,8mV.A-1. The error is 4%.

Fig. 11. Gain and phase of the current transformer transfer function when the
primary conductor is off centered. Thick lines: Measurements. Thin line:
Simulation.

The measurement shows an anti-resonant frequency at
6MHz. The simulation show a small resonance at this
frequency. Comparisons between measurement and simulation
shows the permutation of the resonance and anti-resonance
frequency. Consider the circuit represented in Fig. 4, the
permutation of resonance frequency and anti-resonance
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frequency is achieved when a permutation between m1 and m2
is operated. The same permutation in the real coupling
coefficient can explain these differences between simulation
and experimental results. Table VII shows that the coupling
coefficient of the section near the air-gap is increased
compared to the centered primary conductor.

Note that the successive resonances over the first one
depend strongly on the small capacitive couplings between the
primary and secondary windings, and between the primary
conductor and the core. These capacitances are difficult to
evaluate and the influence of the shield around the current
transformer is very important in order to limit the capacitive
couplings.

B. Shielded current transformer

Table VII shows that the shielding around the core reduces
the leakage inductance and makes uniform the different
coupling coefficients. The global primary leakage inductance
is reduced to 3,2nH and it is uniform. Like the shielding box is
connected to ground, the capacitive coupling between the
primary conductor and the secondary winding is reduced. As
shown in Fig. 12, the capacitive coupling is cancelled in
simulation and strongly reduced on measurement.

The high frequency limitation of the current transformer
function is situated around 14MHz. It is correctly evaluated
with the simulation. The simulation shows a small anti-
resonance at this frequency. The frequency limit is increased
from 4MHz when the current transformer is centered to
14MHz in this configuration. The measurement shows that the
sensitivity is 83mV.A. The sensitivity obtained by simulation
is 12% overvalued. This difference is probably due to the lack
of accuracy in the modeling of the coupling coefficient.

This configuration is very interesting in order to built a
high-performance (frequency-cut-off, EMI immunity) current
transducer.

Fig. 12. Gain and phase of the shielded current transformer transfer function
when the primary conductor is centered. Thick lines: Measurements. Thin
line: Simulation.

V.CONCLUSION

The study presented herein depicts a mixed method based
on F.E.M. and on circuit representation in order to elaborate
an accurate high-frequency model of a current transformer.
The calculation of the transformer elements based on F.E.M.
analysis is shown. In F.E.M. simulation, the energy is
calculated in a region of space and the equivalent inductance
or capacitance (that depends on magnetic or electrostatic
simulation) is related to the circuit model. The magnetic
properties of the core are taken into account.

The origin of the reduction of the high cut-off frequency in
the case of the non-centered primary conductor can be
explained by non-uniformly distributed leakage inductance and
the non-uniform repartition of the coupling coefficient. The

interest of using a shield around the core is shown. It makes
uniform the distribution of the coupling coefficient of the
different parts of the winding, it reduces the leakage
inductance and it reduces the capacitive coupling. As a
consequence, the shielded current transformer has a higher cut-
off frequency.

Thus, we have demonstrated that it was possible to
optimize the design of a current sensor and to predict its high
cut-off frequency.

The modeling principle is very interesting in order to
optimize the design of complex winding used in flux-gate or
integrated transformer. In the future, the design of integrated
transformer will be facilitated with F.E.M. software that has
libraries with different shape of magnetic circuit and different
topologies of winding.
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