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Abstract. In the article, questions and tasks of deterrionapvf power and the moment on a
shaft of special asynchronous electric drives arasidered. Use of special asynchronous
electric drives in mechanical engineering and othéustries is relevant. The considered types
of electric drives possess the improved mass-diiorakindicators in comparison with single-
engine systems. Also these types of electric diifngas constructive advantages; the improved
characteristics allow one to realize the techn@algprocess. But creation and design of new
electric drives demands adjustment of existingeretbpment of new methods and approaches
of calculation of parameters. Determination of powed the moment on a shaft of special
asynchronous electric drives is the main objectiveng design of electric drives. This task
has been solved based on a method of electromech#mainsformation of energy.

1. Introduction

Development of various industries demands creatiomore technological and difficult equipment
and mechanisms. In the heavy industry, improveroérslystems of electric drives of machines and
tools, electric transmissions of transport, eledlrives of rolling mills is necessary. In pulp greber
industry, improvement of systems of electric drieépapermaking machines is required. In textile
industry, improvement of systems of electric drivdsveaving looms and big sewing machines is
necessary. Such modernization will allow one torimmp quality, technical and economic indicators
of the technological process.

Use of special asynchronous electric drives [1,w2] allow one to solve a problem of
modernization of the equipment and mechanisms.cbneidered types of electric drives possess the
improved mass-dimensional characteristics and pomaicators. New mathematical models of the
specified devices are necessary for creation otiap@synchronous electric drives and solving
optimizing tasks. Key parameters which are deteghioy the mathematical model are expressions for
determination of power and the moment of the dteatotor [3, 4]. Quite often the solution of such
tasks requires numerical methods of calculationgp, The analytical solution of a problem of
definition of the moment and the power removed fepishaft of special asynchronous electric drives
is given below.

2. Derivation of formulasfor determining power and moment
Derivation of formulas for definition of the momeand the power removed from a shaft of the axial
asynchronous engine with a short-circuited rot@iven below.

The moment operating on a rotor [3] is:
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wherve — electromagnetic energy;

X —movement of a rotor relatively the static pasiti
Energy of the electromagnetic energy will be eqimlthe linear integral along the way of
integration convenient to us [3]:

W ,,W )
W = 1j z(idfp +i d® j (2)
f 0 1 1 2 2
wherey, RO flux linkage from a winding of the stator andismding of a rotor;
i —§Iectric currents in windings of the stator andtor;
qlJ I,qu — flux linkage, characterizing ways of integration
r 2

The definition of a ratio between electric curremisd flux linkage depends on geometrical
parameters of magnetic systems of components afiadpesynchronous electric drives. Having the
geometrical sizes, the equations on the basiswé f@r a magnetic chain are worked out. Each
specific objective is solved separately as distidou of the electromagnetic field depends on the
number of couples of poles, a type of a windinghef stator and the rotor, a design of the magnetic
system. Asynchronous engines of both cylindrical arial designs with a short-circuited rotor with
four couples of poles have been considered. Arstaitading is two-layer with a step equal to nine,
with the number of grooves on the stator equahixytsix. The number of grooves on the rotor is
twenty-six. For this example, distribution of thagnetic field created by a winding of the statad an
the field of a rotor has been constructed.

The magnetic field of the stator is symmetric aodsists of four poles. The distributed three-phase
winding of the stator in the form of an equivalevihding. The equivalent winding consists of two
concentrated coils with the identical number ofndal Four poles similar to a real winding are faime
as a result. Let us consider that via the equivaleih, the current, created in the same magnéid,f
as well as in real winding, proceeds.

The magnetic field of the rotor is symmetric andgists of four poles. Let us make an equivalent
of a short-circuited winding of the rotor on fouiingdings, which exist on one round. On these
windings, equivalent curreny , creating the same magnetic field as a real windinoceeds.

For the magnetic system of the studied componehtgpecial electric drives, let us make the
equivalent circuit.

Let us accept that the magnetic resistance of a gbkhe stator and magnetic resistance of ithteet
is equal to zero. Then magnetic resistance of gager four teettR | is equal as system symmetric.

At the same time, magnetic resistance of four idahparts of the magnetic conductor of roly,
equal among themselves, is not equal to zero. M'mgmeaqu>1, passing through teeth with coils

and through teeth without coils of the magneticduaor of the stator, are equal. Also magnetic
streamsa@,,, passing through a rotor magnetic conductor, s@etjual.

On the basis of laws for a magnetic chain, let tiewown the following system of the equations:
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L1 12 : (5)

Wherewl, W, - the flux linkage created by a winding of thaatand the rotor.

Y,y
W 1
In comparison with other composed formulas (5)hscomponent as 19 1I 2i dw s
w o L 2
20
considerably small and, therefore, does not infteetie size of energy of magnetic field. Then it is
possible to write down (5) as follows:

’%q L%
WitT5 Rt Ru o 6)

For receiving the expression of the moment, laditferentiate (6) on movemergt. Turning angle
@ is a possible angle of rotation of fields of titer and the rotor relatively each other. As oFﬂMl

andR,, depend ord, then let us write down the expression for the m@om
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or

»?2 dR  »? drR
2 dé 2 dé

For receiving a final expression for the momerttukeexpress magnetic resistance throégh
Magnetic resistance of a gap [3] is:

R =9 . (8)
M1 M S
0

where § — size of an air gap;

S — the area blocked by a part of a magnetic cooduft a rotor, limited to certain cornes,
which changes as a result of rotation of the rotor;
Ho magnetic permeability of air.

The area blocked by a part of a ring of a magretiluctor of the rotor:

Szl(r2 —rZJ- 9)
2 ext int
wherer r - external and internal radiuses of components.
ext int
Let us substitute expression (9) in (8):
20
Ri= T2 7Y DE' (10)
r- —-r
'UO( ext int)

Magnetic resistance of a half of a ring of the r¢8j is:

|
R =_haf (11)
M2 Iuasl

wherel , —length of a half of the rotor;
Sl — cross-sectional area of a half of the rotor;
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U, — magnetic permeability of steel.
The cross-sectional area of a half of the rotor:

S = a(r -r j (12)
1 ext int
The length of a half of the rotor:
r+r
| =r = ext int G- (13)
half  midle 2

Let us substitute expressions (12) and (13) in:(11)

r +r

R — ext int e : (14)
M2 2u [r -r Ja
a\ ext int
Let us calculate derivatives from (10) and (14)én
dR
M1 _ _ 20 1. (15)
2
de u (rz 2 jg
Ol ext int
drR r+r
M2 _ ext int . (16)
do ( J
2u|r -r Ja
alext Int
Let us place the received derivatives in equat{@hs(15) and (16):
®? ®% 1 +r
M =10 20 2 et int - (17)

,u(rz —rzj 2 2,u(r -r ja
Olext int al ext int

Let us define the magnetic streams created byt#terand the rotor windings as follows [3, 4]:

r -r
® =B S=B ext int ne - (18)
1 0 o 2
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® =B S =B (r -r Ja- (19)
2 mc 1 mc\ ext int

whereB_, B — magnetic induction of a gap and the magneticdaotor.

g? —me

An average radius is determined by a formula:

r+r
r et int, (20)
midle 2
Let us introduce a new parameter:
d=r -r - (21)
ext int

Then it is possible to receive finally the expressior the moment operating on the rotor, having
substituted in (17) equations (18) and (19), a$ ag(20) and (21):

Bzr do 82 dr a

M =_omide 1__mc midle . (22)
2U 22U
0 a

The full mechanical capacity developed on the rptprs:

P =2m (1-s)M - (23)
MX 1

Wheren1 — frequency of rotation of the field of the stator

€ — size of sliding of the rotor.
The power removed from the shaft is:

P =k p - (24)
2 MX,A MX

wherey — the coefficient considering mechanical and aoiull losses.
MX, A
Substituting (23) in (24), one will receive theléaling formula:
P =k 27n (1-$)M * (25)
2 MX A 1

Let us introduce a variable in the formula:
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s =1-s" (26)

Expression (25) taking into account (26) takesrmfo

P =k 2m s M -’ (27)
2 MX A 11
The final expression for the power removed fromghatt is:
mn k S mn K S -
p = 1MX,Alp2 45— L1MX A 12 da” (28)
2 ,UO o0 midle ,Ua mc midle

Received dependences (22) and (28) are used ferndaation of the power and the moment
removed from the shaft of special asynchronoudratedrives.

3. Conclusion

In the article, the problem of determination of powand the moment on a shaft of special
asynchronous electric drives has been solved. Bleeoli special asynchronous electric drives will
allow creating the equipment and mechanisms [Wi8] the improved mass-dimensional and power
indicators in comparison with single-engine syste@eation of such types of drives and receiving
characteristics of production control determinatadnpower and the moment [9, 10] on a shaft of
electric drives are necessary.

On the basis of the method of electromechanicaktoamation of energy [11], this task has been
solved. This decision can be used in solving problef creation of optimum types of electric drives
[12, 13] and their components. By the example efdgbadripolar asynchronous electric motor with a
short-circuited winding of the rotor, the objectivas been solved. The type of a winding of theostat
does notinfluence a power equation conclusion. &fhated field of windings consists of the identical
number of the symmetric parts equal to the numbgotes. Depending on the number of poles, the
number of the equations in system (3) will chan§efurther conclusion of the equations will be
analogous.
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