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Introduction

The calculations of electrical machines are based on the investigation results of their electromagnetic fields. When electrical machines are
designed, the main task is the achievement of optimal distribution of a magnetic flux, which depends on the right choice of the parameters of the
construction. Difficulties in calculations of fields in electro-technical devices increase with the extent to the complication of forms of the
surfaces, separating environments with different qualities. The difficulties mentioned increase even more if non-linearity of the environment,
which is reflected through the dependence of the parameters of the environment on the value characterizing the field (for example, magnetic
permeability), is taken into account.
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Figure 1. Two-packet axial inductor machine:
1 —body, 2 - armature packets with windings, 3 — rotor packets,
4 —rotor shell, 5 — excitation winding, 6 —shaft,
(@ is a magnetic flux).

AIM owing simple constructions (Fig. 1) have an electro-magnetic system that principally differs from other synchronous machines and
magnetic fields in them and preserves clearly three-dimensional character. However, with the help of some simplifications the solution can be
reflected in two two-dimensional tasks: the field in an active zone (a core of the stator, a rotor and a main air gap) is flat parallel, but outside the
boarders of the active zone (in an axial core) can be received as symmetrical to the axis. Complexity in modelling of a magnetic field in the
active AIM zone is that it is necessary to model an absent source of the excitation field, as the coaxial excitation coil is situated in the space
between the packets of the stator and the rotor [3].
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The present work shows the results of the investigation of flat parallel magnetic field in a cross-section of the packets of the stator and the rotor.
Sheets of electrotechnical steel of the stator and the rotor are presented as environment with non-linear characteristics of magnetization B=f(H).

Purpose function for the calculation of an optimal geometrical tooth zone of the inductor generator

In order to calculate the optimal geometry of the tooth zone we have developed a purpose function, which was gained by transformation of a
number of equations.
Power the generator is defined in accordance with the following formula (1):

P = mk  EI = mk  k,EI, (1)

where E is an electromotive force (E.M.F.);
m — number of phases;
k, is the voltage coefficient;

I = kI, isload current, expressed with the help of short circuit current.
E.M.F. of two packets (2):
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where f = % is the current frequency;

n is rotational speed;
Z,, Z, is the number of teeth of the stator and the rotor correspondingly;
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w, is the number of turns in the tooth coil;

max s Pmin 18 maximal and minimal value of the magnetic stream, when the tooth of the stator is opposite the slot of the rotor;

k, is winding coefficient.
Short circuit current can be defined by ratio (3):
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Substituting the expression (2) and (3) by (1), we get (4):
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Complex of parameters %kUkawzn =k 1s a const.

In the total we get function (5) for the calculation of optimal geometry of the tooth zone and mark it as C:
o, -0 )

( max min ) (5)
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C=27Z,F,

Maximal C, in case the parameters of the tooth zone are changed, defines maximal value of the power of the generator [1].

Research results of purpose function for the axial inductor generator

The machine under consideration is produced at plant RER and is used as an under carriage generator. In order to receive the maximum value of
a purpose function C some investigations concerning the change of the tooth zone geometry were performed, particularly variations in the
number of teeth of the stator and the rotor as well as relation of the slot width of the rotor to the tooth width of the rotor. The calculations were
made in the program “Quick Field”, this program allowed to perform modelling taking into account concentration of the magnetic circuit and real
geometry of the tooth zone [4]. The results were gained for different ratio of the teeth number of the stator and the rotor, which were analysed
with the help of a purpose function.

1.Than the number of teeth of the stator is a Z;=24, modelling of the magnetic field was performed for the value of the teeth of the inductor
7,=10;11;12;13;14,16,17 in case of ratio of the width of slot to the width of the tooth of the rotor y=1,2;1,4;1,45;1,5;1,55;1,7 (Fig. 2).
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Figure 2. Curves of dependence C=f(2,) if y=1,2;1,4;1,45;1,5;1,55;1,7 for Z,=24

The graphic chart (Fig. 2) presents a curve of the dependence of the purpose function C on the number of teeth of the rotor in case there is a
different relation of the slot width of the rotor to the tooth width of the rotor (y). Maximal value of the purpose function is present if there are 16
teeth on the rotor. This structure of the tooth zone (Z;=24, Z,=16) corresponds to the three-phase inductor machines with the number of teeth for
the pole and the phase - q=Z/2pm=0,25. The inductor machine with such tooth zone has a significant distortion of phase voltage and fluctuations
of the moment due to significant pulsation of longitudinal magnetic flux density. The optimal variant is a machine with 14 teeth on the rotor and
v=1,55, that allows to increase C for 15-20% in comparison with the basic sample of the generator (Z,=24, Z,=10, y=1,45).

2. If Z,=36, there were performed some calculations for the number of teeth of the rotor equal to Z,=19;21;22;23;25;26, at the same time an
optimal ratio of the slot width to the teeth width (y) was selected for every separate case (Fig. 3).
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Figure 3. Curves of dependence C=f(Z,) for Z;=36

The analysis of the curve (Fig. 3) of dependence of the purpose function C on the number of the teeth of the rotor shows that the maximal index
is reached if there are 22 teeth on the rotor and y=1,8, that allows to increase the value of C for 35-40%.
3. A number of proportions was calculated for 48 teeth, in case Z,=29;30;31;33;34 (Fig. 4).
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Figure 4. Curves of dependence C=f(Z,) for Z,=48
The graphic chart presents (Fig. 4) the dependence showing that the optimum is reached in case Z,=30 and proportion of the slot width to the
teeth width of the inductor is equal to y=1,65. The present geometry of the inductor generator shows the value of maximal purpose function
which is bigger for 55-60% than the basic sample of the generator (Z,=24, Z,=10, y=1,45).
Conclusion
The present work deals with the investigation of magnetic field of an axial inductor machine taking into account real geometry of the tooth zone
and saturation of the magnetic circuit. The results of the modelling of a magnetic field with different geometry of the tooth zone gained allowed

to increase specific power rating for 55-60%, which is a good basis for further investigations of inductor machines as well as the solution of
issues of optimisation of magnetic circuit parameters.
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Orlova S., Pugacevs V., Levins N. Bezsmertnijs A. Magnétiska lauka izpéte aksialaja induktormasina

Saja darba veikta aksialds induktormasinas (AIM) izpéte un optimizacija. Aplikotajai masinai ir vienkarsa konstrukcija un augsta drosuma pakape, jo tai nav rotéjoso tinumu
un slidosu kontaktu. AIM ir popularas ka generatori véja energétiskajas iericés, ka ari vilcienu, kugu un lidmasinu elektroapgades sistémas. Elektrisko masSinu aprekini
balstas uz to magnétisko lauku pétijumu rezultatiem. Projektejot elektriskas masinas, galvenais uzdevums ir sasniegt optimalu magnétiskas plismas sadali, kas pamata ir
atkariga no pareizas konstrukcijas parametru izvéles. Gritibas aprékinat lauku elektrotehniskajas ierices palielinas atkartba no virsmu, kas atdala vides ar dazadam
ipasibam, formas sarezgitibas. Sis gritibas vél vairak pieaug, ja ir janem véra vides nelinedarums, kas paradas atkariba no vides parametru lielumiem, kuri raksturo lauku
(pieméram, magnétiskas caurlaidibas). Magnétiska lauka modelésanas sarezgitibu AIM aktivaja zona rada tas, ka ir jamodelé ierosmes lauka avots, jo koaksiala ierosmes
spole atrodas telpa starp statora un rotora paketem. Darba sniegti magnétiska lauka modelésanas rezultati dazadu rotora un statora zobu skaita attiecibu gadijumd, nemot
veéra redlo geometriju un magnétiskas kédes piesatindjumu, izmantojot programmu kompleksu “Quick Field”.

Orlova S., Pugachov V., Levin N. Bezsmertnij A. Research of magnetic field of an axial inductor machine

The present work is devoted to research and optimization of an axial inductor machines (AIM). The present machines have simple construction and high degree of reliability,
owing to the absence of rotating windings and sliding contacts. As a result of that, the advantages of AIM are: their popularity as generators in wind-driven power plants, in
the systems of electrical supply of trains, planes and ships. Theory of electric machines is based on the research of magnetic fields by analytical methods in an air gap of the
machine, but for the present times there are some rough assumptions: magnetic field in the gap is flat-parallel; the surface of an armature is smooth and flat, magnetic
permeability of steel is unchanged. Simple constructions AIM have an electrical magnetic system that is absolutely different from other synchronous machines and their
magnetic field has expressively three-dimensional character. However, with the help of some simplifications, the solution can be reduced to two two-dimensional tasks: field
in the active zone (the core of the stator, rotor and the main air gap) is flat parallel, but outside the boarders of the active zone can be received as axis symmetrical. The
complexity of modeling of magnetic field in the active zone of AIM lies in the necessity of modeling an absent source of excitation field, as the coaxial excitation coil is
situated in the space between sets of the stator or the rotor. The work presents the results of modeling of magnetic field in the tooth zone of an axial inductor machine for a
different number of teeth of the stator or of the rotor with the account of real geometry and concentration of the magnetic circuit by using “Quick Field” program.

Opnosa C., Ilyzauée B., Jlesun H. be3cmepmuutiit A. Hccnedosanue mMazHumnozo nojisa 6 aKCuaibHol UHOYKMOPHOU MAUMUHE

B oannoii pabome nposedeno ucciedosanue u ONMUMU3AYUSL AKCUATLHOU UHOYKMOpHOU mawunbl (AUM). Paccmampusaemas mauuna umeem npocmyro KOHCMPYKYUio u
8bICOKYIO CIeneHb HAOENCHOCMU, U3-3d OMCYMCMBUS 8PAUAIOWUXCA OOMOMOK U CKOIb3AWUX KOHMAaKkmos. bnazooapsa smomy AUM nonyaapHul 6 kavecmee 2eHepamopos 8
8empoIHEep2eMUeCcKUX YCMAHOBKAX, d MAK}Ce 8 CUCMeMax 3NeKmpOoCHAOdCeHUs noe3008, Kopabreu u camonémos. Pacuémovl snexmpuueckux mawun onuparomcs Ha
pe3yibmamyl UCCIeO0BAHULL UX DIEKMPOMASHUMHBIX nonel. [Ipoekmupys snekmpuyeckue Mauiunbl, OCHOBHbIM 3A0aAHUEM SAGNAEMCS O0CUYbL ONMUMATLHO20 PACTPEOeleHUs]
MACHUMHO20 NOMOKA, YMO 8 OCHOBHOM 3AGUCUM OM NPASULIbHO20 8b100pa napamempos Koncmpykyuu. TpyoHocmu pacuéma nons 8 1eKmpomexHuieckux yYCmpoucmeax
VBEIUUUBAIOMCSL NO MepPe YCAONCHEHUSL (POPMbI NOBEPXHOCMEN, OMOETAIOUWUX CPEObl C PAZTUUHLIMU CBOUCMBEAMU. Dmu mpyOHOCMU 803pACMAIom 8 ewé boavulell cmenenu
npu HeoobX00UMOCMU Y4éma HeIUHeUHOCmU cpeo, NPOAGTAIOWENC 8 3A6UCUMOCIU NaApamMempos cped Om 6eIUYUH, XAPAKMEPUYIowux noie (Hanpumep, MAcHUMHOU
nponuyaemocmu). CrodcHOCHb MOOETUPOBAHUSI MACHUMHO20 MO 6 akmusHol 30ne AUM, 3axniouaemcs 6 mom, 4mo Heo6X00UMO MOOEIUposams OMCymcmeyrouull
UCOYHUK NOASL 8030YAHCOCHUS, MAK KAK KOAKCUANbHAS KAMYUIKA B030VICOCHUsl, PACTION0NCEHA 8 NPOCMPAHCMEE MeNcOy NaKemamu cmamopa uau pomopa. B pabome
npeocmasieHsvl pe3yibmamsl MOOEIUPOBAHUS MASHUMHO20 NOJA NPpU PA3TUYHOM COOMHOUWIeHUU Hucen 3y0408 pomopa u cmamopd, ¢ yuémom peanrbHOU 2eomempuu u
HACHIWEHUSI MACHUMHOU Yenu, UCNOb3YsL Komniaekc npoepamm “Quick Field”.
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