ELECTRONICS AND ELECTRICAL ENGINEERING

ISSN 1392 - 1215

2007. Nr. 4(76)

ELEKTRONIKA IR ELEKTROTECHNIKA

ELECTRICAL ENGINEERING

T 190

ELEKTROS INZINERIJA

Investigation of Squirrel-Cage Induction Motor Properties

A. Degutis, P. Kostrauskas

Department of Electric Power Systems, Kaunas University of Technology,
Studenty st. 48, LT-51367 Kaunas, Lithuania, phone: +370 37 351318, e-mail: algirdas.degutis@ktu.lt

Introduction

Squirrel-cage induction machines dominate recently
in miscellaneous electrical drives. This situation is
determined by high reliability of this kind of electrical
machines and also by simplicity of production technology
of their rotors having aluminium windings. The appliance
ranges of these machines widened substantially when
frequency converters have been started to be used for the
control of their rotation. It is necessary to mention at the
same time that the squirrel-cage rotor casted by aluminium
is more complicated from the theoretical point of view than
wound-rotor — the winding of squirrel-cage rotor is poorly
isolated from the core of electrical steel sheets. As shown
in Fig. 1, the quadrature-axis currents I, producing
additional losses, are created in the rotor [3]. The theory of
squirrel-cage induction machine having rotor with
aluminium winding is simplified by identifying the short
circuited winding of rotor with the artificial one [1] which
at first sight differs little from the real winding.

Fig. 1. Quadrature-axis currents in a squirrel-cage rotor of
induction machine

The analysis of magnetic field of short circuited
rotor’s winding and results of experimental investigation
are presented in the paper.
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Magnetic field of rotor

It is assumed in the investigation of rotor magnetic
field that the rotor winding is polyphase and the polyphase
current flows in the bars of rotor [1, 2, 5]. Such analysis of
rotor magnetic field causes difficulties in the evaluation of
geometrical parameters of rotor winding and in the
determination of the location of winding bars in rotor slots.
For example, in the monograph [1] the short circuited
winding of rotor is being identified with the two-layer
winding (Fig. 2).

Fig. 2. Two-layer winding of induction machine’s rotor

Using the expression of magnetic field’s strength in
the air gap of induction machine [1], we have
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where N — number of coil‘s turns; 7 — effective value of
current; J — length of air gap; v — order of space
harmonic; a, — coil pitch; a; — angle between the coil
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symmetry axes; o — variable angle; m — number of
winding‘s phases.

By using the formula (1) for the short-circuited
rotor’s winding (Fig. 2) in the case when the excitation
field is single-phase, we receive

sinNv %)
0 a A

H,g)(a,t) = N_ﬂ Zisinv—y— X
L 2 Nsinv%

X cosvasinwrt .

2

The latter equation of magnetic field strength, written
for the short-circuited rotor, does not take into account the
geometrical peculiarities of two-layer winding of short-
circuited rotor — for example, the angle S (Fig. 2).

There is shown in the paper that the strength of the
rotor magnetic field H,(a,¢) is under the influence of the
angle B. The stator poles creating alternating magnetic
field, and rotor magnetic core made of electrical steel
sheets, on which the short-circuited turn 1-1 is placed and
which freely rotates around its axis, are shown in Fig. 3.

Fig. 3. Short-circuited turns on a rotor in the pulsating magnetic
field of stator

The reluctance of the turn 1-1 to the magnetic field of
stator [5] is
2afw?
Z

z,=;"2"; 3)
where Z = r + jx — electrical complex impedance of turn;
w = 1 — winding’s number of turns; f — frequency; j —
imaginary unit.

It is evident that

‘g ﬂ‘ >0, (4)

Therefore the increased reluctance in the area of the
turn 1-1 may be treated as an increased air-gap.
Consiquently, the salient-pole rotor is available which is
under the action of the reactive torque M this long until the
turn 1-1 takes the position 2-2 (Fig. 3).
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It is possible to conceive the origination of the torque
M by invoking the laws of electrodynamics. Marking by
H, the strength of stator magnetic field in the point O;, and
by H, — the strength of magnetic field of turn reaction, it is
possible to notice that the H, lags in time from the H;.
Hence, the strength of magnetic field H; rotates in the air-
gap of induction motor to the counterclockwise direction,
towards the strength of magnetic field A, (rotation angle
180°— y). This rotating magnetic field turns the poles of
stator with the torque M to the counterclockwise direction.
The rotor is turned with the same torque M to the
clockwise direction because the stator is fixed to the
foundation.

— e
Fig. 4. Fragment of single-phase induction motor having the
modified short-circuited rotor

In the Fig. 4 is shown the fragment of single-phase
induction motor, having the rotor with the winding, made
from short-circuited turns A—C, the angle y of which is
formed between its magnetic axis and the strength of
magnetic field H; created by the stator winding. The
element A-B (Fig. 4) of short-circuited rotor ring of
traditional induction machines form the right-angle with
the strength of magnetic field A}, and the angle y = 0.

The pulsating magnetic field is created in the air-gap
of single-phase induction motor when its stator winding is
fed by alternating current and no current flows in the short-
circuited turns of the rotor:
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where b(t,x) — magnetic flux density depending on time
and space.

The rotor tooth of the sector ABO (Fig. 4) is cut by
magnetic flux @, which induces the electromotive force
E, in the short-circuited turn A—C, shown in the Fig. 5,
where I, — secondary current by reference to the primary
winding flowing in the short-circuited winding of rotor; the
current creates the magnetomotive force F, and the



magnetic flux @,. Assume that the magnetic losses are
vanishing. The time phases of magnetomotive force and of
corresponding magnetic flux coincide in this case.

Fig. 5. The phasor diagram of electromagnetic values of the
induction motor

It is possible to calculate the stator‘s magnetomotive
force and the magnetic flux @, when the magnetomotive
force F, the magnetic flux in the air-gap @,, and the same
values of short-circuited turn — the magnetomotive force £
and the magnetic flux @, are available:

D =Dy~ Ds. (6)

The short-circuited turn A-C creates the magnetic
flux @, which lags in time from the magnetic flux @, by

angle v (Fig. 5).
Torque of the induction motor

The magnetic fluxes @; and @, meet the following
condition in space:
] ) 7 '

Thus, the magnetic fluxes of rotor @, and @, create
the electromagnetic torque [5]:
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where C — constant; i — number of rotor‘s tooth.

This electromagnetic torque turns the stator to the
counterclockwise direction and, because the stator of the
induction motor does not move, therefore the torque turns
the rotor to the clockwise direction.

By summing the torques created by all teeth of the
rotor, we receive
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where N, — the total number of rotor‘s teeth.
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Assume now that all short-circuited turns of the rotor
are identical in the sense of their electromagnetic and
geometric properties and therefore

y = const, = const.

(10)

The two-layer winding is often used for the wound-
rotor of induction machines. Therefore the angle of
magnetic axis of rotor winding section y # 0 (Fig. 4).
However the initial starting torque M (9) is relatively small
in this case because the angle y amounts just 3° + 5°.
Meanwhile the angle y of the construction of the squirrel-
cage rotor offered in this paper reaches 25° + 35°.

Experimental part

The stator of conventional capacitor motor [7], the
rated output power of which P,y = 60 W, is used in the
experimental induction motor. The parameters of stator of
the experimental induction motor are the following: the
diameter of internal cylinder circle d; = 44107 m; the
length of iron-core /; = 4010 m; the number of slots z, =
24. The sinusoidal two-pole single-phase winding made
from 12 sections, is located in the stator of the motor. The
short-circuited rotor was produced by engineer Petras
Ukanis. The geometrical parameters of the rotor are the
following: the diameter of outer cylinder d, = 43,6:10° m;
the length , = 40-10~ m of iron-core made from electrical
steel sheets, the thickness of which — 0,5-10° m; the
diameter of rotor shaft d; = 10-10” m; the number of slots
Zy = 17.
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Fig. 6. Performance characteristics of the induction motor

The measured value of starting torque M, = 0,031
Nm. It is evident from the results of experiments that the
single-phase induction motor with the squirrel-cage rotor
having the construction described in the paper, creates the
asynchronous torque, which is not discussed in a literature.

Conclusions

The results of theoretical and experimental
investigation confirm the proposition that the single-phase
induction motor with the pulsating magnetic field of stator
and with the squirrel-cage rotor having two-layer winding,
develops the starting torque which is unequal to zero, on
the contrary to what is claimed in the literature [1, 2, 5].
This electromagnetic effect also exists in the induction
motors with the wound-rotor having the two-layer
winding.
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The assumption is often made when investigating induction motor’s magnetic field that the rotor winding is polyphase and the
polyphase current flows in the bars of rotor. The assumption causes difficulties in the evaluation of rotor winding’s geometrical
parameters and in the determination of bars location in the slots of the rotor. The geometrical peculiarities of squirrel-cage rotors
winding, such as the angle S, are not taken into consideration by the theory of squirrel-cage induction machine given in literature. It is
proved that the strength of magnetic field, creating the torque rotating the rotor, depends on the angle f. The expression of resultant
torque created by squirrel-cage rotor’s teeth of induction motor has been derived. The two-layer winding of rotor is often used for the
wound-rotor induction machines. In this case the angle of rotor winding section’s magnetic axis y # 0. Though the initial starting torque
of induction motor having wound-rotor with two-layer winding is relatively small because the angle y amounts just 3° — 5°. Meanwhile
the angle y of squirrel-cage rotor’s construction referred in the paper reaches 25° — 35° and therefore the induction motor having the
squirrel-cage rotor of described construction creates relatively larger initial starting torque. Ill. 6, bibl. 7 (in English; summaries in
English, Russian and Lithuanian).

A. Jlerytuc, II. Kocrtpayckac. HcciaenoBaHue CBOMCTB ACHHXPOHHOIO [BHUIaTesisi € KOPOTKO3aMKHYTBIM poTopoMm //
DJIeKTPOHHUKA M djeKTpoTexHuka. — Kaynac: Texnonorus, 2007. — Ne 4(76). — C. 67-70.

IIpn wccnenoBaHNM MAarHWTHOTO TIONS POTOpAa ACHHXPOHHOTO JABUTATENs IpeAroiaraercs, 4TO pPOTOpHas OOMOTKA SBISIETCS
MHOro(a3HOH, a MO CTEPXKHAM pOTOpa NpOTeKaeT MHOrodasHbI TOK. TakuM IOIyHmIEHHEM OCIOXKHSETCS OIECHKA I'€OMETPHYECKHX
apaMeTpoB POTOPHOH OOMOTKM M pa3MEINeHUs CTEpXHEH OOMOTKM B ma3ax poropa. IIpencraBisiemMass B JHTEepaType TEOpHS
ACHHXPOHHOH MallMHBI HE YYHTBIBAET I€OMETPHYECKUX OCOOCHHOCTEH KOpPOTKO3aMKHYTOM OOMOTKM pOTOpa, Hampumep, yria pf.
JlokazaHo, 4TO HaNpsDKEHHOCTh MarHUTHOTO IIOJII POTOpPA, CO3/ArolIas MOMEHT, BPAIAlOLIMil pOTOp, 3aBUCHT OT yria /5. BeiBeneHo
BBIP2)KEHHE CYMMapHOTO BPAIIAOIIEr0 MOMEHTA, CO3/aBaeMOro 3yOlaMH KOPOTKO3aMKHYTOTO pOTOpa aCHMHXPOHHOTO JBHrareins. B
cllyyae aCMHXPOHHOTO JABHUrartels ¢ (asHbIM POTOPOM, MMEIOLIMM ABYXCIOHHYI0O OOMOTKY, YrOJl MarHUTHOW OCH CEKIUH POTOPHOM
obmoTkH y # 0. Ho Takoii acHHXpOHHOH IBUTaTeNh CO3JaeT OTHOCUTEIHHO MANbIi HaYalbHBIA ITyCKOBOH MOMEHT, TOCKOJIBKY yTOMX ¥
nmocTuraet Jauib 3° — 5°. YTon y KOpoTKO3aMKHYTOTO POTOpa, KOHCTPYKIMSI KOTOPOTO MPEAIoxKeHa B 9Toi pabore, mocturaer 25° — 35°
M NOITOMY TaKOW aCHHXPOHHBIM J(BHTaTeNlb Pa3BUBAET OTHOCUTENIHFHO OOJBINOI HAaYanbHBIA ITyckoBod MoMeHT. M. 6, 6ubn. 7 (Ha
QHTJIMHCKOM S3bIKe; pedpepaThl Ha aHTIIMHCKOM, PYCCKOM U JINTOBCKOM S13.).

A. Degutis, P. Kostrauskas. Asinchroninio variklio su narveliniu rotoriumi savybiy tyrimas // Elektronika ir elektrotechnika. —
Kaunas: Technologija, 2007. — Nr. 4(76). — P. 67-70.

Tiriant asinchroninio variklio rotoriaus magnetini lauka daznai daroma prielaida, kad rotoriaus apvija daugiafaze, o rotoriaus stiebais
teka daugiafazé srové. Si prielaida apsunkina rotoriaus apvijos geometriniy parametry bei stieby issidéstymo grioveliuose jvertinima.
Literatliroje pateikiama asinchroninés masinos su narveliniu rotoriumi teorija nejvertina narvelinio rotoriaus apvijos geometriniy
ypatumy, pavyzdziui, kampo f. [rodyta, kad kampas f turi jtakos rotoriaus magnetinio lauko, kuriancio rotoriaus sukimo momenta,
stipriui. I§vesta asinchoninio variklio narvelinio rotoriaus danty kuriamo suminio sukamojo momento israiSka. Asinchroniniy masiny su
faziniu rotoriumi rotoriaus apvija daznai daroma dvisluoksné. Siuo atveju rotoriaus apvijos sekcijos magnetinés asies kampas y # 0.
Taciau asinchoninio variklio, turinéio fazinj rotoriy su dvisluoksne apvija, pradinis paleidimo momentas yra santykinai mazas, nes
kampas y tesickia vos 3° — 5°. Siame darbe pateiktos narvelinio rotoriaus konstrukcijos kampas y sickia 25° — 35°, todél asinchroninis
variklis, turintis aprasytosios konstrukcijos narvelinj rotoriy, kuria santykinai dideli pradini paleidimo momenta. Il. 6, bibl. 7 (angly
kalba; santraukos angly, rusy ir lietuviy k.).
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