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Abstract
This paper deals with the development of equipment that can accurately determine the magnetic proper-
ties of small volume thin plate samples. The alloys to be tested are sheets of amorphous structure, such as 
Finemet alloy, which has excellent high frequency magnetic properties, making it a good candidate for the 
construction of high efficiency electric motors. This article discusses the components and operation of the 
equipment under development, whilst giving a brief overview of the efficiency classification of electric mo-
tors and the importance of the emerging efficiency class. 
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1. Introduction
This paper discusses the development of a 

magnetic tester that can accurately determine 
the magnetic properties of small volume thin 
plate samples. The alloys to be tested are plates 
of amorphous structure, such as Finemet alloy, 
which has excellent high-frequency magnetic 
properties. In [1] a 6-pole electric motor stator 
was made of amorphous material, achieving an 
efficiency of over 90 %. The use of amorphous ma-
terial in BLDC (brushless direct current) motors 
also shows advantageous properties, in [2] a 1 kW 
motor with a speed of 70,000 rpm was built using  
Metglas 2605 SA1 alloy. Tests have shown that 
the use of an amorphous material can reduce the 
heating of the electric motor. [3] gives a compre-
hensive review of the results of recent applica-
tions of amorphous materials in electric motors. 
A study of a two-pole, 1.2 kW motor revealed that 
when using amorphous materials, the loss is re-
duced by 1/5 [4].

The required minimum efficiency of an electric 
motor is the function of power, electric motors 
currently available on the market fall into the 
Ie1-Ie3 category. The european Union has is-
sued a regulation [5] on eco-design requirements 
for electric motors. The emergence of Ie4 class 

motors („Super premium efficiency”, defined in 
IeC 60034-30 and IeC 60034-331) requires new 
technologies and materials to reduce the various 
losses of electric motors.

In the manufacturing sector, electric motors ac-
count for an average 70 % of electricity consump-
tion [6]. It is clear that the goal is better energy 
efficiency, which means less environmental emis-
sions.

The use of amorphous materials requires that 
thin amorphous sheets having a thickness of 20-
40 µm be cut to the proper shape so that machin-
ing has the least possible effect on the amorphous 
structure as well as on the favourable magnetic 
properties. Cutting experiments [7] show that 
laser cutting with appropriate technological pa-
rameters produces a minimal heat affected zone. 
Thus, the amorphous material structure is dam-
aged only to the extent that it does not significant-
ly affect the magnetic properties.

This article describes the development of equip-
ment to measure the impact of different cutting 
technologies on the magnetic properties of a ma-
terial. Issues and solutions that arise during the 
development of the equipment and the measure-
ment process are presented along with the cir-
cuitry of the equipment.
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2. The structure of the equipment

2.1. Basis of the operation
The operation of the magnetic tester is based 

on the fact that when a material is placed in a DC 
magnetic field, it creates its own magnetic field 
under excitation. By measuring this, the hyster-
esis loop can be determined and the resulting 
values calculated (eg. coercive force, remnant 
magnetization, etc.). In order to excite the exam-
ination sample, the homogeneous magnetic field 
can be produced in various ways, for example by 
means of a Helmholtz coil or a solenoid. The mag-
netic testing apparatus disclosed herein uses a 
solenoid for this purpose, which creates a highly 
accurate magnetic field inside (in case of  suffi-
ciently accurate geometry) (Figure 1.).

The ferromagnetic pattern placed inside the so-
lenoid creates its own magnetic field under excita-
tion. This evolving magnetic field is also constant 
over time due to the excitation of DC current, so it 
is not suitable for measurement by a convention-
al measuring coil (based on the measurement of 
voltage induced by a variable magnetic field). In 
order to select the appropriate magnetic field sen-
sor, it is necessary to determine some of the char-
acteristics that form the basis of the specification.

Figure 2 shows how the sample is located inside 
the solenoid. The excitatory magnetic field gener-
ated by the solenoid produces a magnetic field in 
the sample which, due to the small volume of the 
sample, is orders of magnitude weaker than the 
excited magnetic field.

The essence of the measurement procedure 
is, therefore, to measure the magnetic field (B) 
formed by the excitation (magnetic field strength, 
H) produced with high precision by the solenoid. 
From this, the B-H curve can be drawn and mag-
netic properties calculated.

A block diagram of the magnetic tester is shown 
in Figure 3.  

The central control is carried out by a 16-bit PIC 
microcontroller that communicates with the coil 
drive circuit, enabling the digital setting of the 
output current. The sensor interface sub-circuit 
of the magnetometer performs signal condition-
ing and isolation, enabling high-resolution digiti-
zation. The device communicates with the control 
software developed for the PC via a digital inter-
face (USB - VCP).

2.2. Solenoid design
One of the main components of the device is a 

solenoid producing a homogeneous magnetic 
field. Within this, the resulting field strength is 
calculated using the following formula:

H = (N ∙ I) / L    (1)
in which

H – magnetic field strength, A/m;
N – solenoid number of turns;
I – current, A;
L – length of solenoid, m.

Figure 1. Magnetic field lines formed inside a solenoid.

Figure 3. Block diagram of the electronics of the  
magnetic tester.

Figure 2. Magnetic field of a sample placed inside a 
solenoid and the placement of a magnetom-
eter to measure it. [8]
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It can be seen that for a given geometry the field 
strength can be varied proportionally to the cur-
rent flowing in the coil in a linear relationship. 
For the sizing of the solenoid, other contexts were 
also used, such as Ohm’s Law.

Scaling is based on a few recorded data:
 – length of solenoid: 500 mm;
 – external diameter of solenoid core: 50 mm;
 – maximum field strength  (min.): 30 000 A/m.
From the initial data the following results were 

obtained:
 – solenoid No. of turns (by layer): 306;
 – number of layers: 6;
 – solenoid Ohmic resistance: 3.08 Ω;
 – maximum winding current: 10.3 A;
 – coil power dissipation: 332 W;
 – wire diameter: 1.6 mm.
The power dissipated by the solenoid is con-

verted into heat, which heats the wire, increasing 
its resistance. For accurate field strength adjust-
ment, the device is provided with a constant cur-
rent drive which drives a constant current across 
the coil regardless of the resistance of the coil. 
The design of the solenoid and the unit built are 
shown in Figure  4. 

2.3. Magnetic field sensor
A carefully selected sensor is required to detect 

the magnetic field of the excited sample. Figure 5 
compares the technology of some magnetometers 
based on measurement ranges.

Among the requirements for the sensor are the 
relatively low measurement range (±10 µT), the 
high degree of directional sensitivity and the abil-
ity to detect a constant (DC) magnetic field.

Fluxgate sensors are best suited to these re-
quirements.

The working principle of the fluxgate magneto-
meter is illustrated in Figure 6. The ferromagnet-
ic iron core of figure (a) is driven in saturation 
periodically by the drive (primary) coil in both 
positive and negative directions. The variation in 
flux density can be captured by the sensor (sec-
ondary) coil. In the presence of an external mag-
netic field, this signal becomes asymmetric, the 
strength of the magnetic field being proportional 
to the second harmonic of the signal, figure (b).

3. Component design
3.1. Coil Drive Electronics

The coil drive circuit is essentially a constant 
current driver and a double H bridge integrated 
together. In this way, the direction and magnitude 
of the current can be changed simultaneously.

Figure 4. The 3D model (left) of the solenoid and the 
manufactured solenoid (right).

Figure 5. Comparison of magnetic field sensor tech-
nologies  [9]

Figure 6. Operating principle of Fluxgate magneto- 
meter [10].

a)

b)
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The double H bridge allows the measuring range 
to be switched in addition to changing current 
direction, therefore larger and smaller volume 
samples can be accurently examined.

The photo of the completed electronics is shown 
in Figure 7 and Figure 8 shows the different lev-
els of design.

3.2. Power supply electronics
The power supply must produce several stabi-

lized voltage levels, including 5V for digital cir-
cuits, ± 12V for fluxgate sensors, 36V for solenoid 
drives. The schematic, the PCB design and the 3D 
model are shown in Figure 9. 

The power supply uses the voltage generated 
by a 230V / 36V toroidal transformer, therefore 
mains isolation is implemented and electrical 
safety is ensured. A photograph of the completed 

Figure 8. Manufactured and built-in coil drive electro-
nics.

Figure 7. Schematic diagram of coil drive electronics, 
PCB design and 3D model.

Figure 9. Power Supply schematic, PCB design, and 
3D model.

Figure 10. Power supply manufactured and installed.

power supply is shown in Figure 10. To handle 
the heat dissipation of the rectifying diode bridge, 
a heat sink is applied so that the heat is released 
outside of the enclosure. For accurate design, 
electrical and mechanical design have been per-
formed side by side.

3.3. Measurement controller and communi-
cation unit

A separate measurement control module has 
been developed to control the measurement pro-
cess, to digitize the analog signals and to transfer 
the measured values to a computer. At the heart 
of the system is a 16-bit PIC microcontroller, the 
dsPIC30F6014A-30 from Microchip. 

Figure 11 illustrates the circuit schematic, the 
PCB design and the 3D model of the unit. The unit 
is also equipped with a 4-line LCD to inform the 
user about the measurement process. Figure 12 
shows the unit assembled with the front panel 
with the connecting ribbon cables.

During the design of the measurement con-
trol unit, galvanic isolation of the USB port had 
to be ensured so that neither the computer nor 
the unit would be damaged by a hot-plug event 
or a ground loop. This was accomplished with a 
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6kV isolation voltage separator, interrupting the 
UART RX and TX lines.

USB communication is based on Virtual Serial 
Port (VCP) technology using an MCP 2200 inte-
grated circuit. It is powered by the voltage sup-
plied by the USB port of the PC and is therefore 
independent of the unit status

4. Conclusions
This article describes the design of magnetic 

testing equipment under development at the Uni-
versity of Dunaujvaros. The apparatus is capable 
of determining the B-H curve of small-volume fer-
romagnetic material samples using a homogene-
ous stationary magnetic field (H) produced inside 
a solenoid. A fluxgate sensor was used in order 
to measure the magnetic field (B) of the sample. 
The main units are solenoid, solenoid drive unit, 
central measurement control unit, power supply 
and PC side software. 

The development of the equipment is closely 
linked to research improving the efficiency of 
electric motors, which, inter alia, aims to reduce 
iron loss by using amorphous materials. The de-
velopment of precise molding/die-cutting tech-
nology for these materials is essential for their 
application in the construction of electric motors. 
The technological parameters of the cut must be 
determined in such a way as to minimize the de-
grades of the excellent magnetic properties of the 
raw material.
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