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ABSTRACT: A dynamic analysis method is required for a better understanding of the operational behavior of a
dual winding induction motor. the motor is electrically isolated, but magnetically coupled, and consists of a
squirrel cage rotor with a stator having two windings known as the main winding connected to a three-phase
supply and the auxiliary winding connected to a balanced capacitor for excitation. This paper primarily
addresses the dynamic analysis of a dual winding induction motor, including the development of a mathematical
model using Park’s d-q-0 transformation equations to describe the behavior of the machine. The dynamic
equivalent circuit of the D-Q axis of the machine equivalent circuit of the dual winding Induction machine
(DWIM) is obtained through a standard induction motor analysis method. The derived equations are used to
perform a dynamic simulation in an embedded MATLAB/Simulink environment. The simulation result obtained
showed that the dual winding induction motor with capacitor excitation showed a reduced inrush current and a
stead torque behavior under variation of the load torque it also takes a faster time to attain a steady state
behavior
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I. INTRODUCTION
Various research in the field of dual winding induction motors have been one of the major
interest of recent in machines analysis [1-5] and various method have been proposed on its
improvement to give better overall performance, the magnetic design, practical realization
and characterization of Multi-phase induction machine, in which the stator is equipped with
two sets of windings of identified number of poles and standard squirrel cage rotor,
Constitute the core research area addressed herein, of prime research interest is the dynamic
analysis of a dual winding induction motor.
Consequently, this study focused on a dual winding induction motor with a balanced
capacitor on one of the windings and no slot shifts between them. The auxiliary winding is
not connected to source but s magnetically coupled to the main winding, which is connected
to the source. Both windings are identical and wound for the same number of poles and the
rotor is a squirrel cage rotor. This arrangement will reduce the known disadvantages of
conventional induction motors by providing a system in which the magnetic flux density in
the stator is maintained at a maximum level [6-7].
One set of the winding is supplied directly from the mains and the other winding is short -
circuited through a balanced capacitor. The two windings are electrically isolated, but
magnetically coupled like a transformer as in [8]. However, the two set of windings can
interchange these roles. The machines are called induction machines because the rotor
voltage that produces the rotor current and magnetic field is induced in the rotor winding
rather than being connected physically by wires [9]
The dual induction motor is first written in the machine phase variables and subsequently
transformed into the arbitrary reference frame. The machine in question as stated above
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consist of two stator windings arranged on top of each other in the same slot. This means

there is no displacement between the two windings. One of the windings is considered as the

main winding and it is connected to a three-phase voltage supply, while the second winding

is considered as the auxiliary winding and it is connected to a balanced capacitor.

Il. MATHEMATICAL MODEL OF THE INDUCTION MOTOR

The dynamic model of this dual winding motor arrangement is mathematically derived and then,
analyzed in an embedded MATLAB/Simulink environment to ascertain the level of improvement, over the
conventional winding configuration.In order, to distinguished between the two set of windings, the winding
connected to the supply is known as the Main winding and the one short-circuited across the balanced capacitor
is termed the auxiliary winding

Va

Fig 1. Winding connection of the main and auxiliary

For ease of analysis the The electrical system of this machine as described above can be represented with an
equivalent circuit. Though the zero- sequence circuit diagram is omitted because the system is assumed to be
balanced. Therefore, the d-q voltage equations and the flux linkage equations suggest the equivalent circuit

In order to obtain a simplified mathematical model for the analysis of the dual winding induction motor, certain
assumptions are considered as follows;

e  The air-gap is uniform

e  Eddy- current, friction, windage losses, are neglected.

e  The windings are distributed sinusoidal around the air-gap.

e The windings are identical and have same resistance.

The voltage equations for each winding on the stator and rotor can be determined as follows in the machine
variable;

. d
Vabcsl = Ts1lapes1 T E/labcs 1 (1)
. d
Vabesz = Tszlabes2 + d_t/labcs 2 +Vcabc 2
§ d
Vabcr = Llgper + E/’labcr (3)

III.The voltage equations of the main winding;

. d
Vqsl=rsl lgs1 + wlldsl + Elqsl (8)

. d
Vas1=Ts1las1 — W1dgs1 + - Aast 9

IV.The voltage equation of the auxiliary winding;

Vq52=T52iq52 + (‘)2/11152 + qusZ + VCq (10)
Vis2=Ts2las2 — Wadgsa + PAgsa + Ve (11)

For the auxiliary winding, the voltage equations have two additional terms V;, and Vg,
added to them to account for the capacitor connected across it. But in the d-q-0 reference
frame, the Vi, and V, are given as;

dVCq _ igs2

m .~ Ve (12)
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Tt sy i, (13)
Thus

Vegs2 = % [idgz - P VCdsz] (14)
Veasz = %[iqéz +P VCqu] (15)

Substituting the values of V4, and Vg, into the voltage equation for the auxiliary winding
in equation (10) and (11) yields

. 1 [igs

Vq52=r521q52 + wZ/ldsZ + qusz T [ldcz - PVCdsZ] (16)
. 1 [igs

VdsZ=r521d52 - wZAqSZ + Pldsz + » [ qCZ + PVCqu] (17)

V. The rotor voltage equations;

Vor =tigr + (0 — 0, )Agy + P2y, (18)

Vir =tigr + (w - wr)lqr + P4r (19)

Similarly, the flux linkage equations for the stator windings respectively and for the rotor are written
in the expanded form as given;

)lqsl = iqlelsl + Lm (iqsl + iqu + iqr) (20)
)ldsl = idlelsl + Lm (idsl + idsZ + idr) (21)
/1qu = iquLlsz + Lm (iqsl + iqu + iqr) (22)
Ads2 = lgsaLli, + Ly (igsr + lgsz + iar) (23)
Aqr = iqr Llr + Lm (iqsl + iqu + iqr) (24)
)ldr = idr Llr + Lm (idsl + idsZ + idr) (25)

VI.DYNAMIC EQUIVALENT CIRCUIT OF D-Q AXIS.
The electrical system of this machine as described above can be represented with an
equivalent circuit. Though the zero- sequence circuit diagram is omitted because the
system is assumed to be balanced. Therefore, the d-q voltage equations and the flux linkage
equations suggest the equivalent circuit diagram below;
respectively.

B

. Ta wakds
1gs1 ———

3
Vys1 e % % Rc

Fig .2 .Q-Axis Equivalent circuit diagram
The Voltage equation

. d

Vq51: s1lgds1 + wllqul + Elqul (8)
Vqu:rSZiqSZ + wZAdSZ + qusZ + VCqu (9)
dVeg igs
— =L - Wl (10)
Thus

1 [igs
Vegs2=2 [LdTZ —P VCdsZ] (11)
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Substituting egn (4) in egn (2) gives

. 1 [igs
Vas2=Ts2lgs2 + Wahasy + PAgsy += [dez - PVCdSZ] (12)
%r:njqr4—(w1+w2—-wr)lmﬂ+-leﬂ (13)

. d
Vdslzrsl lgs1 — wllqsl + Eldsl (14)
Vas2=Tsalass — Wadgey + Plgsy + Veq (15)
dVea _igs
== Vg (16)

1 [igs
Veasz== [22 = PVeyez (17)
Substituting the value ofV,,,, into the voltage equation for the auxiliary winding in egn (9)

, 1 [igs
Vd52:r521d52 - wZAqSZ + Pldsz + © [ qCZ - PVCqu] (18)
Vdr =1 idr + (@ - wr) Aqr + Pldr (19)

.@‘Q“é‘ M
x“ol x
\4 Ve
I Wi (=1 Li ¥
1ds1 ——+ ”
"y — e g,
[
<Ag,
\ 4,
C
1d:2
Fig. 3. D-Axis Equivalent circuit

. d
Vas1=Ts1las1 — @1dgs1 + 7 Adst (14)
Vas2=Tsalasz — Wadgsz + Plgsy + Veq (15)
dVed _ids2
“a o ToVe (16)

1 [igs
Veasa=7 [qu —-P VCqu] 17
Substituting the value ofV,,,, into the voltage equation for the auxiliary winding in egn (9)

, 1 [igs

Vas2=Ts2lasz — WaAgsz + PAasz + [ qu - PVCqu] (18)
. w1tw?y
Vdr =1-lgr + (— - (1)1.) Aqr + Pldr (19)

2018

Similarly, the flux linkage equations for the stator windings respectively and for the rotor are written in the

expanded form as given;

)lqsl = iqlelsl + Lm (iqsl + iqu + iqr) (20)
Mis1 = lgs1 Ly, + Lim (lgs1 + gs2 +iar) (21)
>"osl = i051]-‘1051 (22)

xqu = iquI-‘lsz + Lm (iqsl + iqu + iqr) (23)
>\‘d52 = idsZI-‘lsz + Lm (idsl + idsZ + idr) (24)
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}“052 = iosZLlosz (25)
Aqr = lgrLi, + Lin (igs1 + lgs2 + 1gr) (26)
)"dr = idr Llr + Lm (idsl + idsZ + idr) (27)

VII.LELECTROMAGNETIC TORQUE (T,,,) AND SPEED
The electromagnetic torque is derived from the sum of the input power supplied to all the windings of the main
(stator-1), auxiliary (stator-2), including the rotor of the dual winding induction motor in the d-q reference frame
given as

3 i i . i , .
Py, :E [Vqsllqsl + Vis1igs1 + Vqszlqsz + Vasalasz + Vqr lgr + Var ldr] (28)

Substituting the values of the voltage equations from equation (8), (12),(13),(14),(18) and (19),will yield;

3 . d , , d , .
Pin :E [(rsllqsl + wl/ldsl + d_t/lqsl) lqsl + (rslldsl - wllqsl + E’ldsl) las1 + (rszlqsz + wz/ldSZ + qusz +
1wids2C-PVCds2igs2+ rs2ids2— w2Ags2+PAds2 +
1wigs2C—-PVCgs2ids2+ rrigr+wl+w22— wrddr+PAgrigr+rridr+wl+w22— wrdgr+Pldridr

(29)

w is known as the speed voltage, in the above equations any term that does not have w in it does not contribute
to torque, therefore will turn to zero for a balanced system. This implies that the electromagnetic torque
(T.,,) developed is given by the sum of the terms that contains the speed voltagew, divided by the mechanical

speed.w,,
Therefore

lds2 lgs2
Tem 2 [(’Jl/ldsllqsl wIAqslldsl + C’-)2/111521-1152 +- [ VCdsZ] lqsz wZAqSZldsz +- [
adtVee quzdsZ twl+w22—wrddrigr- wl+w22— wr/ldrlqr (30)

Factorizing equation,

. . . 17 d .
Tem 2 [(‘)1 (Adsllqsl Aqslldsl) + w; (/ldSZquZ - /lquldSZ) + ; [ dgz - EVCdSZ:I lqu +

lgs2C— ddtV Cqs2ids2]+wl+w22— wrddrigr—Adrigr. (31)
Note, gw = w,. And w,, =%wr.

Tem _2 20, [[wl (Adsllqsl Aqslidsl) + w3 (AdsziqSZ AqszldSZ) += [ldsz dt VCdsZ] lqu + [lqsz
ddtlVigs2ids2]. (32)

Note that w can take any arbitrary value such that if it is stationary, w=0; if it is referred to the rotor , w = w,
and for synchronously rotating reference frame, w = w,
And the speed is given as

O = 5 [ (T = TL) dt (33)
Voltage conditions for the main winding supply

V, =V, cosifwt) (34)
V, =V, cositwt + 2rf) (35)
V. =V, cosifwt — 2xf) (36)

VIII. ANALYSIS AND RESULT

Table 1.1 Induction Motor Parameters

Parameter Value
Main stator resistance 372 Q
Auxiliary stator resistance 3.72
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Q
Rotor resistance 212 Q
Mutual inductance 0.022H
Stator inductance 0.022H
Rotor inductance 0.006 H
Inertia load 0.0662 Kgm?
Voltage 415V
No of poles 4
Capacitance 10-100uf
Load Torque 2--15 Nm
Frequency 50Hz
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Fig 4 Main Stator Current
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graph of las2 against time
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Fig 7 Speed of the Motor
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graph of Torque against time
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Fig .8. Electromagnetic Torque against Time
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Fig .9. Speed Torque Characteristics

The introduction of a phase shift capacitor at the auxiliary end of the second stator reduces the inrush
current taken by the capacitor during starting, the introduction of the capacitor also enable the machine to attain
steady state fast which can be seen in Fig 4. to Fig 7.as it takes seconds for the machine which is modelled in
the rotating reference frame to attain dynamic stability, the capacitor inclusion in the torque equation also
enables the torque the machine reaches a steady torque as shown in Fig 8.and increase the speed of the
machine, the capacitor enable the machine to maintain a balanced condition under varying load which was
varied from no load to 30NM the diagrams from Fig .9. ,fig 7 also shows the reduction of current in the rotor
end

The capacitor in the auxiliary winding is used to limit current flow which helps prevent high inrush
current which can be seen by the current flow in different direction between the main and the auxiliary stator
winding

d-q transformation was used to simplifying the analysis in this study to simplify the analysis form the
arbitrary reference frame.
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IX. CONCLUSION

From the MATLAB simulation of dynamic transient analysis, it can be seen that the capacitor
excitation in the auxiliary winding gave a significant reduction effect of the high in-rush current
drawn by the induction machine. Also from the torque speed characteristic it can be seen that the
high starting torque which is produced by the dual winding reaches a steady state condition in a
very short time internal hence, the speed of the motor showed relative stability from the transient
to steady state. Hence the dual winding induction motor gives a better performance and overall
efficiency as compared to a single winding induction motor.

This arrangement will reduce the known disadvantages of conventional induction motors by
providing a system in which the magnetic flux density in the stator is maintained at a maximum
level, the stability of the machine under variation of no load-to-load conditions is the main
advantage of the model and auxiliary excitation of the capacitor.
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