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Abstrakt

Pri pruchodu proudu vodem vznika v okoli tohoto va@ei magnetické pole B. Toto
magnetické pole ixe byt zesilenorppouziti feromagnetickych materialcehoz se vyuziva
napsiklad v elektromotorech. Tato prace se zabyvéemim hysterezni siaky (B-H kivky)
toroidniho jadra, aby bylo moZzné stanovit jeji chiteristiku a celkové ztratyredstavujici
vykon spotebovany magnetickym materiadlendi peho stidavém magnetovani. Vysledky
budou slouzit pro konstrukci synchronniho motorgpesmanentnimi magnety, kde bude
zvoleny material jadra pouZzit v jeho statoraigsti pro zesileni elektromagnetického pole v
okoli vinuti civek, a pro optimalizaci navrhu tobobotoru. Pro automatizacidreni je vyuZit
software LabVIEW, ktery usnagje praci se ziskanim a uloZzenim @aemych dat.
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1. Introduction

Knowledge of the hysteresis loop for the materiaktator core in the permanent magnet
synchronous motor (PMSM) is a very important pdrth@ motor’'s design. The hysteresis
characteristics itself consists of the dependerteden the magnetic field intenshy(t) and
the magnetic flux densitB (t). Its dimensions and shape widely influence statoe losses
of the PMSM which are not negligible [1, 6]. Usisgftware such as FEMM (Finite Element
Method Magnetics) it is possible to implement daitéhe known B-H curve in the process of
the motor’s design and improve its properties h&dore power losses can be decreased.

Measurement of the hysteresis loop of the toroslape core is made by using
LabVIEW. Similar papers and literature about tlupit have been already published [2, 3].
One of our goals is to check the dependence betteefrequency of the generated signal
and the shape — and therefore losses — of therbgsdoop for our stator material. Also if
possible, we would like to find an influence of t@e’s operating temperature to our results.
This all has to be made by using low cost amplified other devices, because professional
equipment used in the industry is expensive [4].

2. Design of the hyster esis measur ement

Measuring procedure is shown in figlig. 1. Signal generator is a frequency generator with
a given frequency and amplitude of a generatedssidal signal. This signal is then

amplified by the 400W amplifier and the current(t) is measured by the current probe.
Output from the current probe is a voltage ang ineasured by the NI USB-6210 (National
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Instruments data acquisition device with USB PCneation). Due to the current flow in the
primary winding of the toroidal shape core, the ne&g field intensityH (t) is created. Its
magnitude can be calculated based on Ampere’s$q&]a

H(t) = N, (t) 1)
rmr

where N; is the number of turns in the primary windirg,(t) is the current in the same
winding andr is the middle radius of the toroidal shape cor@u® of denominator is the
equivalent to the magnetic length of the material).

Result of the magnetic field intensigy (t) is the creation of the magnetic flyx(t)
inside the core. Then, the magnetic flux denBitf) can be measured and calculated based on
the induced voltage; (t) as [2]:

B(t) = B, +ilu2(r)dr )

whereNis the number of turns in the secondary windumsg(t) is the induced voltage of the
secondary coilSis the cross section of the toroidal shape codeBanis an offset.

The integration is a time consuming method anth witreasing frequency the noise is
expected to increase. Based on the [2] direct geltaeasurement can be applied only up to
200 Hz and some filters has to be used to cut died noise. Therefore using analog RC
passive integrator seems to be a good way howctease possible applied frequency (up to 1
kHz [2]) and even not to use any further signakpssing algorithms, because it is working as
a low-pass filter. Measured voltage is then giveiiZ:

V() = - U@ @3)

wherev; (t) is the measured voltage on capacikis the value of used resistor, a@ds the
value of used capacitor in the integrator circAiter acquiring data from measured voltage,
induced voltage can be then easily calculated abdtguted into equation (2) without offset
Bo.

In the end, all the data from measurements aredsavPC and ready for further analysis.
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Fig. 1 Measuring procedure



2.1 Using LabVIEW for data acquisition

For the purposes of our measurements, adjustabpiigal user interface (GUI) was created.
Because in the future we would like to measureedkfiit materials of toroidal shape cores,
variables such a¥;, N, frequency of modulated signal, number of datapdasts,S, r can be
changed without having to interfere with valuesha program block diagram. GUI is shown
in Fig. 2 and program block diagram can be foundrig. 3. All acquired data together with
input variables are saved in a data file, from whbey can be used for further analysis in the

future.
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Fig. 3 Program block diagram



3. Analyzing acquired data
Parameters of tested toroidal shape core togetitieiswpplementary parameters can be found
in Tab. 1 During measurement, current value was set astamnwhile the frequency was
changing. With increasing frequency the currentingpping so to keep its value constant,
amplitude of a generated signal has to be increased

The sampling rate per channel was 12500 samplesegeend. If the testing time was
set as 5 seconds (to be able to cut possible b&stoes from the beginning of the
measurement), it give us around 62500 data forchnsen current and frequency. These data
can be now analyzed.

There is more than one way how to do it. Firste &asier one - is to choose only a
part of measured signal, for example 4 periodsnTthe hysteresis loop can be plotted only
from these 4 periods and the result is showrRig.

Table 1 Parameters of tested toroidal core with supplemgnparameters

Name of used toroidal core 0078090A7 (M agnetics)
Ni[] 300
N2 [] 300
S [nf] 0,000134
rm] 0,0188775
Applied frequencies [Hz] 30~700/1
/ 30~400/ 2
Applied current [A] 30~250/ 3
L1 [H] 0,008592
La[H] 0,008867
R1[Q] 7,2
R, [Q] 7,3
B-H curve
0.8
0.6
0.4
0.2
E
m
-0.2
-0.4
0.6 -
-0.8 | | | | |
-15 -1 -0.5 0 0.5 1 15

H [A/m] x10'

Fig. 4 Hysteresis loop of the toroidal shape core; appkerrent 3 A, applied frequency 250 Hz



Single-Sided Amplitude Spectrum of u2(t)
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Fig. 5 Single-sided amplitude spectrum efty applied current 3A, applied frequency 250 Hz

The second choice is to use wider interval of aegudata (or again just 4 periods)
and use some method for digital signal processingh as Fast Fourier Transform (FFT).
With FFT, it is possible to bring down complexitiyacquired data [5] and then analyze only
the simplified signal which one still has the kejerin the measurement. Because we used
RC passive integrator, calculated induced voltdgeilsl be already filtered from added noise
of higher frequencies. But still, it is possibledieeck the induced voltage with FFT to find
frequency components of a signal. The result casele inFig.5. It is clearly visible that for
generated signal of frequency 250 Hz the inducgdasiis composed with also different
frequencies (mostly lower one). The next steps didel to limit these additional frequencies,
reconstruction of original signal with inverse F&1d computing B-H curve again.

At this point, it is not necessary to make furtlaalysis of achieved B-H curves.
From the Fig. 4 it is visible, that hysteresis @iis not very wide, if we consider it as a loop.
If we plot other B-H curves with the same valuetloé current, but for different (lower)
frequencies, we would obtain almost same progresshawn in Fig. 4. If we use a lower
current, it will only lower magnitude of B. This duie to the parameters of the used coil. Its
length due to number of turns is high (for this mament) and therefore its resistance is
also high. Commonly used coils in high speed PMSMehtheir resistance less tha® 17,

8]. Summary, to achieve more adequate hysteresi® dor our material, it is necessary to
decrease number of turns of our coil, which widldeto a smaller resistance of the primary
and secondary winding, and therefore possibilityde higher frequencies and current.

During the measurement, the toroidal shape corelecated in the tank with mixing
the water and the water temperature controllerts80°C). It was possible to keep toroidal
core at nearly same temperature as surrounding viatefor higher currents and frequencies,
there was a bigger temperature difference. Thezetoow to maintain same temperature of
the core during the whole measurement needs furiliestigation.

3.1 Application of acquired data

Even when it wasn’t possible to achieve B-H chamastic for the higher frequencies and
current, it is already possible to use acquiredadi check design of our PMSM.
Implementing data of B-H curve into FEMM softwaseshown irFig. 6.
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Fig. 6 Inserting data of B-H curve into FEMM software
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Fig. 7 Result of FEM analysis with one active pole pairdhd B-; current 3A

Results of FEM analysis with current 3A in only aastive pole pair B+ and B- is in
Fig. 7. Used permanent magnet is type N42.

With using a built in computing functions, it i®w possible to analyze hysteresis
losses per cycle and compare them with analytieghod solutions [6, 9]. Also, because our
prototype of PMSM is already built, we can use olgd data from FEMM for a comparison
with the real losses. Other functions such as caomgthe torque can be used.

4. Conclusion

Based on the measuring procedure, the measurirkplage was assembled and required data
for the hysteresis characteristic of the toroidedme core were measured. The B-H curve was
plotted using acquired data and analyzed. Due éohilgh resistance of used coil, it is
necessary to continue with another measuremenfiatidptimal parameters for frequency
and current in our PMSM, so the power losses itostare will be kept at an acceptable level.



A good plan for the future is also, if possibleyding an influence of the core’s operating
temperature to our results while measuring itsdrgsis characteristics.

Obtained B-H characteristic was implemented intdMIME software and generated

results from its computational core will be comphreith data from real PMSM, so the
design of PMSM can be improved in the future. Alsth the new measurement for different
frequencies and current, the B-H characteristit el updated. Based on these results, other
materials for the toroidal shape core can be censdl

Nomenclature

H(t) magnetic field intensity (A-m™)
B () magnetic flux density (M)

N number of turns in the primary coil ()

[\ number of turns in the secondary coil ()

S cross section of the toroidal shape core A (m
r middle radius of the toroidal shape core (m)
Bo offset (T)

¢ (t) magnetic flux inside the core (Wb)

i1 (t)  current of the primary coill (A)

U (t) induced voltage on the secondary coll V)

V> (t)  measured voltage on the capacitor in the RC iategcircuit V)

R value of the resistor in the RC integrator circuit (9)]

C value of the capacitor in the RC integrator citrcui (F)

L1 inductance of the primary coil (H)

L, inductance of the secondary coil (H)

Ry resistance of the primary coil (Q)

R> resistance of the secondary coil (Q)

U, (f) discrete Fourier transform (DFT) of vecter(t) V)
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