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Abstract: This article deals with a problem of measuring of magnetic materials, especially a
punched laminations, which are used in construction of electric machines. It is very complicated to
reach precise value of magnetic parameters, when there are used different methods. In this paper,
there are compared values from manufacturer (Epstein frame) and alternative values obtained during the measurement on own sample (in shape of toroid). Magnetic properties of material can be
changed relatively easy so it is appropriate to measure up worked material.
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1. INTRODUCTION
Design of electrical machines comes up with a number of difficulties. It is necessary to know not
only the basic electrical laws, but also to know the production process, electrical and mechanical
properties of materials used in producing the product. Nowadays, any machine designs run by the
experience of the company or there is created a new analytical machine design. If there is a completely new design, it is desirable to simulate the design on computer. To ensure the correct simulation results, it is necessary to enter the correct input parameters (for example material properties). It
is necessary to know precisely what the parameters of material has been in the electric and magnetic circuit. The deviation of input parameters subsequently leads to a distortion of the output parameters.
2. MAGNETIC MEASUREMENTS
2.1.

TYPE OF MAGNETIC MEASUREMENTS

It is very important to know the magnetic properties of selected sheets because this knowledge is a
prerequisite for verifying the correct design of the electrical machine. Magnetic measurements are
used to determine the magnetic properties of material and they are divided into three categories
1. Methods of measuring magnetic flux through the coil.
2. Methods for measuring force caused by the magnetic field.
3. Methods based on changes in material properties in the presence of a magnetic field.
Inductive methods that measure the magnetic flux through the coil are based on the principle of
Faraday law of electromagnetic induction. It describes the formation of electromotive force on the
coil during the time variation of the magnetic flux of the coil surface. [1]
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Where Φ is the magnetic flux and N is the number of turns. Measurement of magnetic flux through
the coil is also based on formula,
, so it is necessary to know the size of the surface of the
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turn S, then it can be easily measured the induced voltage, because the growth of the vector magnetic flux density B causes the growth of the induced voltage ui. [1]
The calculation of magnetic field strength Hz from magnetizing current:
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Where N1 is a number of turns of magnetizing windings, I1 is magnetizing current and ls is medium
length field line.
2.2.

DEVICE FOR MAGNETIC MEASUREMENT

All measurements were carried out at the measuring station made by Magnet-physik. The station
consists of two devices, which are called RemaCOMP and RemaGRAPH. The first named device
is based on measurements using AC excitation (fundamental magnetic characteristics) and second
named device is an equipment for the measurement of the static characteristics of soft magnetic
materials in various shapes using the hysteresis curve. The most important quantities to be measured are Magnetic Flux Density B, Magnetic Polarization J, Remanence Br, Magnetic Field
Strength H, Coercivity Hc, Permeability μ and Total Loss (AC only) P. [2]
The principle of AC measurements is that magnetic flux is measured through the coil. There is a
signal generator, which controls a power amplifier, which supplies a current I to the primary winding of the specimen. The field strength H can be calculated from the current and the magnetic path
length lm. The secondary induced voltage ui2 is proportional to the time change of the magnetic flux
dφ/dt. It is numerically integrated and the flux density B is calculated of it. Difference between AC
and DC measurement is only in use of another device. The specimen for both type of measurements is the same with the same number of primary and secondary turns. DC measurement is using
very small change of supply current so there must be special integrator. The fluxmeter is a precision integrator for DC signals, because it calculates the flux density B of it. [2]
Magnetic measurement can be affected in different directions. For example the dimensions of the
specimen must be regular, the magnetic measurement can be affected by changing of temperature,
mechanical stress of specimen or sharp edges of the sheets which are used for composition of toroid and these sharp edges create small short circuit in specimen. It leads to distortion in BH curve
and the size of eddy current is growing.
2.3.

MEASURED DATA

The specimen, which was used for measurement, consists of stacking rings punched out of a lamination. The rings are stacked always in pairs and sharp edges are turn towards each other. Total
number of rings is 14 pieces. It was used steel M470-50A, which means non-oriented cold rolled
fully-processed electrical steel of nominal thickness 0,5mm. Outer diameter is 120 mm, inner diameter is 96 mm and ratio of these two diameters is 1.25. Cross-section is a square. Measuring error is small, because of ratio is exactly 1.25 which is a limit value. Final shape of the sample is toroid.

601

Figure 2: Dependence relative permeability
on magnetic flux density

Figure 1: Commutation curve measured to
1,5T

The properties of material were measured at 50Hz for excitation 0,5T; 1T and 1,5T. These parameters are in Table 1 and it can be seen that amount of losses Ps increase exponentially with increasing excitation. Permeability is decreasing, because of higher saturation of magnetic circuit. The entire measurement contains measurement error, which can be seen on difference between set magnetic flux density Bset and real reached value Bmax. The device was unable to set exactly precise
value of Bmax so the measured values of losses are smaller.
Bset

0,5

1

1,5 T

Br

0,375

0,708

0,821 T

Hc

52,6

75,9

Bmax

0,496

0,992

Hmax

76

219

Ps

0,551

1,779

μa

4924

3532

92,0 A/m
1,497 T
2107 A/m
3,908 W/kg
558

Table 1: Measured parameters
The sample was measured with quasi static device too. This device has the advantage that measuring frequency is near to 0 Hz so there are no additional losses, which come from eddy currents.
This can be verified on parameter Hc, which is dramatically increasing with growth of supply frequency. This can be seen on Figure 5. Hysteresis curve measured at 0Hz is narrower than hysteresis curve at 50 Hz. This can be clearly seen in Table 2, where the size of Hc is almost 2x smaller
for quasi static measurement than for classical measurement at 50 Hz.
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0 Hz

50 Hz

Hc [A/m] Hc [A/m]
0,5 T
35,1
52,6
1T
46,4
75,9
1,5 T
49,5
92
Table 2: Comparison quasi static and AC measurement

Figure 3: Hysteresis graph for different value
of excitation H, but the same frequency 50Hz

Figure 4: Hysteresis graph measured at 0 Hz
for 0,5T, 1T and 1,5T

Figure 5: Hysteresis graph measured at 250Hz
For example there was measured hysteresis graph with frequency 250 Hz. There can be seen that
BH curve is almost circle and it isn’t too much similar to classical shape at lower frequencies. This
difference is because of high value of eddy currents, which appear at high frequencies. These currents are increasing amount of magnetic loss Ps. Stacking of the sample could also affect measur-
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ing, because there was a sharp edges of the individual sheets which were turned against each other.
This assembly increases risk of short circuits between the sheets. The supply voltage and induced
voltage is approaching shape of a sinusoid, which isn’t usual at lower frequencies, because there
has a shape of sinusoid only supply voltage or only induced voltage. This effect is caused by saturation of magnetic circuit and lower value of eddy currents.
2.4.

DATA FROM THE MANUFACTURER

The manufacturer uses a magnetic measuring the standardized method, which is called Epstein
frame. It is valid for testing in alternating current field. The length of the steel strips is 25cm and
they are assembling into square in Epstein frame according to IEC 60404-2. This very popular device contains primary and secondary winding. The testing sample consists of specific number of
steel strips (always a multiple of four) and in the corner there is always an overlap. The power losses can be measured using a wattmeter method, because the Epstein frame works on the same principle as an unloaded transformer. The significant parameters are the specific total loss (their maximum value at 1,5T and at 1T this value is only informative) and minimal magnetic polarization for
field strength 2500A/m.
Ps [1T]
Ps [1,5T]
Bmax [2500A/m]
[W/kg]
[W/kg]
[T]
Measured
1,78
3,91
1,51
Catalogue
2,00
4,70
1,54
Deviation
11%
17%
2%
Table 3: Comparison of values of magnetic measurements
3. CONCLUSION
Magnetic measurement was performed on sample in toroidal shape. The results has in total large
deviation from catalogue values. The difference could be caused of using another method of magnetic measuring or special adjustment of the sample (sharp edges). This properties can simulate
poor conditions and theoretically increased additional losses. In fact, the measured losses were
lower than losses indicated by manufacturer. Measurement of magnetic flux density (with excitation on 2500A/m) was more precise, because the deviation between measured and catalogue value
was only 2%. Measured values are lower than from a catalog, which is very convenient, because
designed engine has a smaller magnetic loss.
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