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In this study, a new kind of instrument for measuring the magnetic shielding effectiveness (MSE) was devel-
oped using a double yoke; one a magnetizing yoke and the other a sensing yoke. Using the developed instru-
ment, the MSE could be measured for a steel sheet specimen in the ELF range, where the magnetic
permeability contributes to the MSE at low frequencies and eddy currents contributes to the MSE high fre-
quencies with < (0.1 dB reproducibility. The developed measuring method can be applied to quality control in a
steel sheet company producing EMI/EMC shielding materials
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1. Introduction

The magnetic field shield from household appliances
and power lines has become more important not only
because of EMI/EMC problems but also because of the
potential harmful effects on the human body [1, 2]. Many
countries now have regulations for an allowable magnetic
field strength in the ELF range [3].

Methods for measuring the Magnetic Shielding Effec-
tiveness (MSE) for constructions, such as cylinders or
rectangular shapes, are given in the ASTM [4]. There are
no standard methods available for measuring the MSE of
a sheet specimen. However, it is necessary for a magnetic
shielding material production company to know the
magnetic shielding properties in a non-cylindrical shape,
such as a sheet state, for quality control and to provide
magnetic properties information from a sheet state

In this study, a new type of MSE measuring system was
designed for a steel sheet specimen produced by POSCO.

2. Principle Double Yoke Type
MSE Measurement

For a metallic magnetic material, two types of physical
phenomena affect the magnetic field shield in the ELF
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range. One is the high permeability of a magnetic material
and the other is the skin effect due to the high conduc-
tivity and high permeability. A two yokes type of MSE
measuring principle was used to determine, the above two
effects in the same specimen, as shown in Fig. 1. Fig. 1(a)
shows the magnetic shielding effect due to the high
permeability. The top yoke is a magnetizing yoke and the
bottom yoke is a sensing yoke. The test specimen was
placed into the gap of the two yokes. When the specimen
has high permeability, most of the magnetic flux lines
move to the specimen and not to the sensing yoke. This
decreases the induced voltage of the sensing coil. In the
case of the skin effect, most of the magnetic flux lines do
not penetrate into the specimen and the magnetic flux
through the sensing yoke decreases. In addition, the
voltage induced from the sensing coil decreases due to the
magnetic shielding effect from the skin effect.

In this study, the magnetic shielding effectiveness MSE
was defined as the ratio of the induced voltage from the
sensing coil, when the specimen is not put into between
magnetizing and sensing yoke /, to the specimen is put
into between magnetizing and sensing yoke V.

MSE = V»/V, (1)
or
MSE(dB) = 20log(V»/ V1) )

© 2008 Journal of Magnetics
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Fig. 1. Principle of double yoke type magnetic shielding effectiveness measurement; (a) in case of low frequency, (b) in case of

high frequency.

Fig. 2. Photograph of the constructed double yoke apparatus.

3. Construction of MSE Measuring System

Fig. 2 shows the constructed two-yoke type MSE mea-
suring apparatus. A MnZn ferrite core was used as a yoke
material and 4 coils with 120 turns were wound on the
yokes. The pole face of the yoke was 7.7 mm x 14.5 mm,
and distance between the centers of the yokes was 42.3
mm. The gaps between the magnetizing yoke and speci-
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Fig. 3. Schematic diagram of the measuring system.

men, and the magnetizing yoke and sensing yoke were
fixed to 3 mm and 8 mm respectively. Fig. 3 shows a
block diagram of the measuring system. The magnetizing
voltage and frequency were generated using an oscillator
and the magnetizing current /., was measured using a
digital voltmeter and precision shunt resistor. The voltage
induced from the sensing yoke V,,,s was measured using a
digital voltmeter.

4. Experimental Results

Non-oriented silicon steel (0.5 mm thick) specimens
with sizes ranging from 60 mm x 60 mm to 200 mm X
200 mm in 20 mm steps were prepared to observe speci-
men size affect to the MSE measurement. Fig. 4 shows
the MSE as a function of frequency in the different speci-
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Fig. 4. Magnetic shielding effectiveness as a function of the
frequency under different specimen sizes.
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Fig. 5. Magnetic shielding effectiveness as a function of the
frequency under different applied AC voltage for specimen
size of 80 mm x 80 mm.

mens. At frequencies < 1 kHz, the magnetic permeability
was the dominant contribution to MSE, but at frequencies
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>1 kHz, skin effects from eddy currents were dominant
contribution to the MSE. Moreover, the MSE was strong-
ly dependent on the specimen size. This means that the
MSE originating from eddy current cannot increase when
the specimen size is insufficient for eddy current loops.
On the other hand, a suitable specimen size that does not
distort the eddy current loop is needed for higher preci-
sion and reproducibility. Fig. 5 shows the MSE of the
POCSO developed EMI steel sheet as a function of fre-
quency under different applied voltages. In the eddy current
region, the MSE was relatively unaffected by applied AC
voltage. However, in the permeability contributing region,
the MSE changed considerably with the applied AC
voltage because the permeability of the specimen changed
with the applied AC voltage. Fig. 6 shows the MSE as a
function of the applied AC voltage of 1 kHz under differ-
ent specimen thicknesses for a specimen size of 140 mm
x 140 mm. In the case of a 1.5 mm thickness and a
frequency of 500 Hz, the MSE becomes saturated above
an applied AC voltage of 1 V. This means that 1 V is the
maximum applicable voltage for a frequency of 500 Hz

40

38 Sample size : 140 mm
Frequency : 200 Hz
36| —=—07mm

34| ®-10mm

1.5 mm

32 °

30

28 - o

o] - /
24 e

22 . /
20 /
18 o

16 : /
14 ]

12
10 ey

Magnetic Shielding Effectiveness (dB)

Amplitude[V]

(b)

50 -{| Sample size : 180 mm
4| Frequency : 1 kHz
45| —=— 0.7 mm
o 1.0mm

1.5 mm

40

35

- e

Magnetic Shielding Effectiveness (dB)

° 1 ]
25 . ./
4 . -/

20 /_/

-
15 -
10 4 .

0.1 1 10

Amplitude[V]

(d)

Fig. 6. Magnetic shielding effectiveness as a function of the applied AC voltage for different frequency and thickness of specimens.
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Fig. 7. Magnetic shielding effectiveness as a function of the specimen size for different applied AC voltages and frequencies.

and a specimen thickness of 1.5 mm. Fig. 7 shows the
MSE as a function of the specimen size for the different
frequencies and applied AC voltages. For a given voltage
and specimen thickness, a larger specimen size is needed
when the frequency increases. The MSE measurement up
to 1 kHz and 1 V AC for a 1.5 mm thick specimen using
the developed double yoke method required a 140 mm X
140 mm sized specimen. The reproducibility of the MSE
measurement using the developed measuring system was
better than 0.1 dB.

5. Conclusions

In this stduy, a double yoke type instrument was deve-
loped for measuring the magnetic shielding effectiveness
(MSE). Using the developed instrument, the MSE of a
steel sheet specimen could be measured in the ELF range.

The results showed that the magnetic permeability contri-
butes to the MSE at low frequencies and the eddy current
contributes to the MSE at high frequencies with better
than 0.1 dB reproducibility. The developed measuring
method can be applied to the quality control in steel sheet
companies producing EMI/EMC shielding materials.
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