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REZUMAT. Se constata utilizarea eficienta a motorului asincron pentru mecanismele si masinile cu pornirea in gol si cuplul
de pornire redus. Pe stator este prevazuta o singura infasurare divizata, la pornire, in doua pari, cu numarul de spire care
difera de (3-4) ori. Parametrii partilor respective (rezistentele si reactantele) se deosebesc esential, astfel fiind asigurata
pornirea motorului. in lucrare sunt prezentate elemente de teorie referitoare la aceste motoare. Rezultatele obtinute s-au
confirmat folosind metoda elementelor finite la determinarea campului mgnetic.

Cuvinte chele: motor asincron, infasurare divizata, cAmp magnetic, defazaj, rotor scurtcircuitat.

ABSTRACT. There is revealed an effective use of asynchronous engine for mechanisms and machines that are running idle
and reduced starting torque. The stator is equipped with a single winding divided, on startup, in the two parts, with the
number of coilings which differ by (3-4) times. The parameters of respective parties (resistances and inductances) differ
essentially, thus insuring the engine startup. The paper presents theory elements referring to these engines. The obtained
results have been confirmed using the finite elements method in determining the magnetic field.
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1. INTRODUCTION asynchronous engine’s winding (MASF) is analyzed,
Whic_h excludes this disad_var_ltage [3]. _
The main disadvantage of single-phase Figure 1 shows the principle scheme of this MASF.

asynchronous engines without auxiliary winding is th@ toroidal windingWp, is placed on the stator, divided
lack of the starting torque. There are known variousto two parts. Both sides of the stator windingay
meth_ods, _based on the p_hase shift of the starting aé{deWlle contain the coiléhyg ansz'B which are
running winding currents, in order to ensure the startup y Yy

of these engines [1, 2]. The startup ensured by inducti%@ort circuited in the start process with the breaker
character of phase shift between phases is used forThis breaker may be a thermal element, which is
mechanisms with low starting torque, for the most parts
of it. It is necessary an auxiliary winding with the
number of coilings much higher than the number of
coilings of the running winding in this case. Thus, a
phase shift between the running and auxiliary winding
currents are obtained, which assure the engine run. The
basic disadvantage of this method is the fact that the
auxiliary winding is connected to the network only
during engine start being calculated at a current density
ten times higher than that of the running winding. In the
normal operation of engine the auxiliary winding is not
participating in the production of the useful torque.

2. PHYSICAL PROCESSES AND THEORY
ELEMENTS

Fig. 1. The principial scheme of the single-phase asynchronous

. . . motor with the asymmetrical stator windin
Further the electric diagram of the single-phase Y g
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heating and open the circuit for Iarge values of shortcngt of starting winding W,g, and WZBy was

current, thus the coil$Vzgy anOIWZBy are connected in gporicutied, contributing to the nominal regime

series with the coildVi ae andW a. . functioning of the _smgle-phase asynchronous engine.
1AX 1Ax The useful torque is produced, therefore, by the whole

stator winding.

through theW,g, andWag, coils, is much higher than The single-phase asynchronous motor with a single

stator winding has the rotor winding with shortcutted
the 1 5, current in the start process, witch is closed

bars, while inE of the stator notches a winding is
through theW; ay andWlAX coils, because the number ' g

mounted (fig. 3). The toroidal winding is divided into
two diametrically opposite parts, each of part containing
(10-25)% of the number ol ay andWlAX coils. Due 1

to gap equal to the angle between principal cdd,, 3
and shortcutted coiBg, of the single-phase winding, thegroup of coils is divided, in turn, |nto two coil
gap between the fluxes produced by those 2 pairs o

coils is assured (fig. 2). Due to the different values &ubgroups the first subgroup contalnnc?zl coils,
inductance and resistance of two pairs of coils, which 1

are materialized through different values of theiand the second oné-Z, coils. The placement of these
impedance the phase shift betweén, and Ipy 12

The short circuit currentl gy, which is closed

of Wpgy, and W2'By coilings constitutes approximately

=Z;N, conductors, grouped I%Zl coils. Each of

two coil subgroups is symmetric with the rotational

o=60 grad. el. axis.
1ax .
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Fig. 2.The gap between_ the principal and &
the shorted coils axis
A X
currents is ensured. Fig. 3. The distribution of coils in the notches

The magnetizing forces produced by stator currents
create asymmetry in the magnetic circuit. The fluxes Number of notches incumbent stator windiAg,
produced by these magnetizing forces create the startigigh the two partaiy a, andWl'Ax is the:

torque of the asynchronous single-phase engine by 2

interacting with rotor currents. Zpx —521 1)
The phase shift between the divided winding The number of notches incumbent on the stator

currents, which ensures the engine start, is aCh'eved\mﬁdmgAanht the two partahia, OrW:L'Ax:

shortcutting the partWog, and WZByof the basic 1

winding W a anoWle. This one remains connected Zax :Ezl @)

in series with the windingW;ax and respectively  The umber of notches incumbent on the shortcutted
W, after start, by opening the contact k, by which th@inding Wogy, + Wopy, is:
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1
Zgy=—4 (3) sindg
6 . kp=——2 (12)
Then, the number of notches which belong to the B .y '
o gg Sin—-
partWogy, or Wopy is 2
The winding coefficients for both parts of the
1 winding are calculated as:
ZlBy:EZBy (4) g ) e
The angle corresponding to a part of tWg,y WAX: sA kqA (13)
winding is determined as: Kvi By= ksalkgB
for Ax phase The Ax winding is connected to the network at

engine start, and the breaké&ris shortcutted byBy

ViAx :@[}_ﬁ (5) winding. The electromotive voltage with the effective
Z; 22 value
for By phase
yp Ewiax = 7E3/2 [® o Ofy W ax Tk ax (14)
Viy :@[&ﬁ (6) is induced inW,,, winding andin the By winding the
2 62 ) _ electromotive voltage is:
As a result, the axes of magnetic fluxes are spatially
shifted by an angle Ewisy = /2 [ o, Ofy Wy kwapy (15).
Viax* ViBy 7)
2 4. DETERMINATION OF MAGNETIZING

FORCES

3. ELECTROMOTIVE VOLTAGES INDUCED
IN WINDING Two spatially shifted phases with an angle of 60

electrical degrees are mounted on the stator in the
starting process of single-phase asynchronous engine

The stator winding has the diametral step (fig. 2). It is, also, admitted that the phase currents are
7 shifted in time by the same angle of 60 degrees. It is
YA _Z_p (8)  known that the number of coilings of one section of the
TheBy winding is, also, distributed into notches an(!jOrOIOIaI winding is:
has the diametral ste = 12. _ Wit (16)
The number of notches for one phase and one pole )
in the case oAX winding is: Two ring coils 1 and 2 form a section with two sides
placed in the notches of the stator with winding step
Zp ,
da =2 (9), (fig.4)
2pm

and for Bywinding

ZBy
=2 10).
S]] 2p (10) 1

Then, the distribution coefficient fM o, phase is:

sinqAEg

Kaa = (11),
quinE

And the distribution coefficient fowyg, phase is:

Fig. 4. The mounting scheme of coils 1 and 2

The amplitude of magnetizing force of tA&)a,
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phase section is: We obtain another expression for the terms with the
same phase (direct) by adding the terms from the right

axl__dw 091 0Wy  (17) part of the expressions:

The magnetizing force aﬂAXsecnons group is: Fragd = F co{wlt _ﬁTj , (23)
T
Fmaxa = A AlFmit tkga, (18) " \yhere we obtain:

wherekga — the distribution coefficient of the sections. Froagd = Frrg cod-77) = Frrg (24)

If the phase hag sections and, respectivefypoles for t = 0 andx = T and we obtain the expression for
and Wiy coils, then inversedF,, for the terms shifted by 120 electrical

degrees,
e 4 a0 axKga o g
mMAx = 97 mMLAX - (19) X7 _ 21w
m 2p Fmagi = 09 g co a)lt+— +Co a)lt+ 3
Similar will be for theBy phase:
2
WBy[leBy = 0F { cogr+ co{r[——ﬂ =-025F (25)
Frigy = 09! gy — (20) ml 3 ml

The phasor of the magnetizing force describes an
ellipse with direct amplitude equal to the amplituele

5. DECOMPOSITION OF MAGNETIZING of the phase. The phasor of the inversed magnetizing

force constitutes 25% of ti&, phase amplitude and, of

FORCES course, is rotating with the same angular speed in
We admit that the amplitudes of the magnetizing Fui=0,75Fam:

forces of both sides of the stator winding are equal and o

the angle between them constitutes 60 degrees, but the

magnetizing forces of the both sides of the stator

winding are equal.
The expression of magnetizing force equation can be

written as: o
_ XTT
Faax = Fm [cosut EOS— Fig. 5. The elliptic curve of the magnetizing forces MASF.
(21) e
F - F. cod ayt - E:o Xm_ 7 opposite direction.
iBy = ! r 3 The ellipseindicated in figure 5 is obtained at

geometric summing of components of the direct and

Decomposing these equatlons we obtain: _ \
opposite successions.

Fiax = 0F nax @30{@ —ﬂj +
T 6. THE CALCULATION OF MAGNETIC

FIELD WITH THE APPLICATION OF

+ O,EleAXco{qt +EJ
FINITE ELEMENTS

XIT ITJ

Figy = 0F max @O{WE L

I 3 The finite element method was applied based on the

(22) geometric dimensions of the engine with a single-phase
+ OEleAXco{qt—i—T E_Ej on the stator for determining the distribution of

r 3 magnetic field lines, and for determining the magnetic
T induction and respective values. FigureaGhows the
Figy = O,EFMAXE:O{@——J+ view of the magnetic field produced by the stator
winding W,, in idle mode. Variation curve of
+ OEFmLAXco{a,it +ﬁ7_2_”j magnetic induction (fig. 6)) is symmetric and contains
3 harmonics of dental order.

The maximum value of magnetic induction in the air
gap (fig. 6¢) is:
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Bmmg =V 2B, =+ Z10348= 048T , Bmp _ 071_ 148
and does not differ essentially from that obtained in Bmmg 048
calculations.

051 Integral Result
- Mormal flux = 0.0007 33466 ‘wWebers
: ; 2 Average Bon= 034823 Tesla
50 100
05 -

Fig. 6. The results of magnetic field calculation with FEMM application:
a) distribution of magnetic lines;
b) variation of magnetic induction curve in the air gap;
c) the values of the flux and magnetic induction.

The magnetic flux lines are shifted in reference to This asymmetry will contribute to start of single-
vertical axis if shortcutting thWBy part of the stator phase engine.
winding (fig. 7 a).
The amplitude value of the magnetic induction in air
gapis (fig. 7 b, x
Bmp =+ 2B, =+ 2005= 071T
Theratio between induction amplitudes is:

o

-
Integral Result

° 2t, mm f Marmal flux = 000105179 Webers
’ Average B.n = 0 495669 Tesla

05

Fig. 7. The results of magnetic field calculation with FEMM application:
a) the magnetic field picture at the shortMé_:,y;

b) variation of magnetic induction curve in the air gap;
c) the values of the flux and magnetic induction.
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