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MAGNETIC TOROIDAL CORES EXPOSED TO A STRONG STATIONARY
MAGNETIC FIELD

M. Soinski ∗ — R. Rygal ∗ — W. Pluta ∗ — P. Kepski ∗ — S. Zurek ∗∗

Strong stationary magnetic fields from permanent magnet, when used in the wrong way, can change a proper behavior
in already optimized technical equipment. For example, some of electronic electrical energy meters do not count correctly
the consumption of electrical energy or low-voltage current transformers do not indicate proper output signal level. This
phenomenon comes from changes ofB-H characteristic in both amorphous and silicon-iron cores under the influence of
DC magnetic field.
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1 INTRODUCTION

Recent technical development concerns not only elec-
tronic modules and systems, more and more often used in
technical equipment, but also problem with already opti-
mized electrotechnical products like: electronic electrical
energy meters [1], induction meters [2], and low-voltage
current transformers [3]. Due to the progress in magnetic
materials engineering, the energy density of modern rare-
earth magnets became very large (Fig. 1) and the immunity
of many electrical appliances against the influence of sta-
tionary magnetic fields appears highly insuficient [4]. The
increase in energy density(B·H)max values [5], inNdFeB
(neodimium) magnets versus(B ·H)max values in hard fer-
rites is presented in Fig. 1.

Fig. 1. Gradual change of the neodymium magnet energy with the
relation to anisotropic hard ferrite energy (based on literature, after
[2])

The volume of cylindrically shaped, axially magnetized
magnets which create flux density ofB = 0.1 T at the dis-
tance of 5 mm from their face, has changed in last 20 years
from 20 cm3 to 0.3 cm3 [5]. Therefore, the values of mag-
netic field strenght in surrounding of a typicalNdFeB and
hard ferrite magnets differ from each other significantly, as

Fig. 2. Magnetic field intensity in surrounding of a typical NdFeB
and hard ferrite rectangular magnet50 mm x 12.5 mm x25 mm
(magnetized through 25 mm) with energy densities300 kJ/m3 and
50 kJ/m3, respectively [1]

it is shown in Fig. 2.
From the data presented in Fig. 2, it can be seen that

magnetic field intensity from ferrite magnets does not ex-
ceed the value of 300 kA/m, which is recognized as the
limit of harmful influence of the magnets [4]. Also, the fer-
rite magnets are not capable of changing the technical char-
acteristics of electrotechnical equipment, as neodymium
(NdFeB) magnets can do [1,2,3].

Thus, magnetic field surrounding neodymium magnets
is so high, that it influences the accuracy of measurement
in electronic electrical energy meters and low-voltage cur-
rent transformers. In both cases, magnetic toroidal cores are
used, made ofCo-based amorphous or grain oriented elec-
trical steel strips, respectively.

2 INFLUENCE OF STATIONARY MAGNETIC
FIELD

2.1 Amorphous Co-based toroidal cores used in electronic elec-
trical energy meters

Magnetic flux densityB is closely linked with the mag-
netic field. The relationship strongly depends on the mag-
netic permeability of medium and the magnetic field inten-
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sity:

B = µ(H) · H (1)

where:H - magnetic field strength, A/m,µ(H) - absolute
magnetic permeability of material, H/m.

Fig. 3 presents a comparison of theB-H curves
(eq. (1)) influenced by anNdFeB axially magnetized mag-
net D13 mm x h5 mm with energy density of 300 kJ/m3,
situated from side or top direction, respectively. According
to [4], largerNdFeB magnet will flatten theB-H towards
theH axis (Fig. 3).

Fig. 3. B − H characteristic of aCo-based amorphous core
(D25 mm x d20 mm x h6.5 mm [6]) influenced by a permanent
magnetD13 mm xh5 mm (situated on primary magnetising wind-
ings) in ”top” and ”side” direction [7]

From the data shown in Fig. 3 it is evident that the ”side”
direction has stronger influence than the ”top” direction.
The different influences can be explained using Biot-Savart
law, which also enables determining the magnetic potential
in different parts of a magnetic circuit [8]. This phenom-
ena was taken into account during research project focued
on magnetic screening of current transformers, used in elec-
tronic watt-hour meters [1].

Below the saturation point the magnetic characteristic of
the core without the magnet is nearly linear (Fig. 3) allowing
to obtain high reproducibility of the energy meter parame-
ters [4]. This is affected, however, when the strong station-
ary magnetic field influences the core (Fig. 3 and Fig. 4).

The effect of an externalDC field strongly depends on
the distance and direction of the field generated by perma-
nent magnet with high energy density (Fig. 4).

The effect of asymmetric flux distribution in the toroidal
core influenced by a permanent magnet is shown in Fig. 5.

The flux density distribution in the core is calculated
with the aid of Flux 2D software [9]. The primary and sec-
ondary windings were modelled as wound uniformly around
the whole circumference of the toroidal core. The flux dis-
tribution inside the core (Fig. 5) shows not only large asym-
metry but also the significant relation to the magnet size.

Fig. 4. Influence of the distance and the direction of magnetic
field exposition on the magnetization characteristicB = f(H) of
Co-based amorphous coreD25 mm x R20 mm x h6.5 mm [6]
from axially magnetizedNdFeB magnet (D13 mm x h5 mm)
with energy density 300 kJ/m3: a) top direction, b) side direction;
k - distance between the magnet and the magnetization coils

2.2 Grain oriented toroidal cores used in low-voltage current
transformers

Fig. 6 shows the effect of the change of working point
(from point X to Y) of a current transformer caused by a
strong magnetic field from theNdFeB magnet. The RMS
value of the transmitted signal is altered because of the influ-
ence of a strong external magnetic field, as shown in Fig. 6.
For analyzed indirect current transformer type (600/5 A),
the magnetization curve of a toroidalSiFe core is highly
non-linear and different from the shape illustrated in Fig.6,
even for silicon-iron cores (Fig. 7).

That phenomenon causes not only to change in the work-
ing point (from X to Y, Fig. 6) of the current transformer, but
also it changes the character of theB = f (H) dependence
for H < 500 A/m (red curve 2 is non-linear at values ofH
where blue curve 1 is still linear - Fig. 7). More details about
the influence of low magnetic field onB = f (H) charac-
teristic of toroidal current transformer cores can be foundin
[10].

As can be seen from the data presented in Fig. 7, the
magnetic core of a current transformer is highly susceptible
to the influence of a strong external stationary magnetic field
(change from curve 1 to curve 2). TheNdFeB magnet was
put directly to the measurement winding (that is 5 mm dis-
tance from the core). Such a distance fulfils the conditions
of attaching a magnet to the casing of a current transformer
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Fig. 5. Magnetic flux distribution in amorphous Co-based core
influenced by a permanent magnetD13 mm xh5 mm [7,9]

Fig. 6. Part of idealB −H curve (compare curvewithout magnet
in Fig. 3) influenced by a stationary magnetic field

in the A-B direction (Fig. 8).
It can be concluded, from the data shown in Fig. 7 that

for the fields higher than0.5 T (curve 2) the current trans-
former loses its measuring abilities (i.e. ability of linear pro-
cessing of the signals, Table 1). Without the influence from
the magnet, the range of the linear processing for analysed
current transformer reaches1.2 T (curve 1, Fig. 7). How-
ever, with the magnet, the current transformer loses its mea-
suring capabilities completely above0.8 T (curve 2, Fig. 7).
A comparison of analyzed core processing coefficients in
both cases (without and with the magnet) is shown in Ta-
ble 1.

As can be seen, from the data presented in Table 1,
strong external magnetic field has highly destructive influ-
ence on the linear processing capabilities of the current
transformer. With the influence of theNdFeB magnet, at
0.5 T the current transformer transmits only66.5 % of the
input signal and this value is decreasing rapidly with the in-
crease of magnetic flux density in the core.

Fig. 7. The magnetization curve of a toroidal SiFe core (R44 mm
x r38 mm x h30 mm) used in analysed low-voltage current trans-
former: 1 - without magnet, 2 - under influence ofD50 mm
x h30 mm axially magnetizedNdFeB magnet

Fig. 8. Possible directions of strong stationary magnetic field influ-
ence on low-voltage current transformer (schematic drawing, after
[3])

3 CONCLUSION

The results show high non-linearity of magnetic core be-
haviour under the influence of external stationary magnetic
field. In the case of amorphousCo-based cores the influence
of NdFeB magnets can alter the performance of the elec-
tronic energy meters to the extent of their total failure. To
reduce the influence of the outerDC field, the full usabil-
ity of soft-iron shields is suggested. The total elimination of
NdFeB magnets influence in the case of meters cheating,
in the short period of time has to be achieved.

The second object of research work was the grain ori-
ented toroidal core for 600/5 A type low-voltage current
transformer with 0,5 % accuracy class (manufactured by one
of the market-leading current transformers producer). It has
been shown in the paper that the influence on core magne-
tization curve from A, B, and C direction is stronger than
from the D direction (Fig. 8), at the same distance between
the magnet and the core.

The experimental results allow concluding that single
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Table 1. Comparison of processing coefficients for analyzed type
of core [11]

Bmax [T] without magnet with NdFeB magnet
0, 1 100% 100%

...
...

...
0, 4 100% 100%
0, 5 100% 66, 5%
0, 6 100% 44%
0, 7 100% 23%
0, 8 100% 5, 5%
0, 9 100% 1, 3%

NdFeB magnet is able to destroy electronic energy meter
with current transformer based onCo core and low-voltages
current transformer based on silicon-iron core by2/3 and
1/3, respectively.
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