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UNIT-I
Construction of Three Phase Induction Motor

The three phase induction motor is the most widely used electrical motor. Almost 80% of the
mechanical power used by industries is provided by three phase induction motors because of its
simple and rugged construction, low cost, good operating characteristics, the absence of commutator
and good speed regulation. In three phase induction motor, the power is transferred from stator to
rotor winding through induction. The induction motor is also called a synchronous motor as it runs at
a speed other than the synchronous speed.

Like any other electrical motor induction motor also have two main parts namely rotor and stator.

1. Stator: As its name indicates stator is a stationary part of induction motor. A stator winding is
placed in the stator of induction motor and the three phase supply is given to it.

2. Rotor: The rotor is a rotating part of induction motor. The rotor is connected to the mechanical
load through the shaft.

1. Squirrel cage rotor,
2. Slip ring rotor or wound rotor or phase wound rotor.

Depending upon the type of rotor construction used the three phase induction motor are classified
as:

1. Squirrel cage induction motor,

2. Slip ring induction motor or wound induction motor or phase wound induction motor.

The construction of stator for both the kinds of three phase induction motor remains the

same The other parts, which are required to complete the induction motor, are:

1. Shaft for transmitting the torque to the load. This shaft is made up of steel.
Bearings for supporting the rotating shaft.

3. One of the problems with electrical motor is the production of heat during its rotation. To
overcome this problem, we need a fan for cooling.
For receiving external electrical connection Terminal box is needed.

5. There is a small distance between rotor and stator which usually varies from 0.4 mm to 4 mm.
Such a distance is called air gap.

tator of Three Phase Induction Motor

The stator of the three-phase induction motor consists of three main parts :

1. Stator frame,

2. Stator core,

3. Stator winding or field winding.
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Stator Frame

It is the outer part of the three phase induction motor. Its main function is to support the stator core
and the field winding. It acts as a covering, and it provides protection and mechanical strength to all
the inner parts of the induction motor. The frame is either made up of die-cast or fabricated steel. The
frame of three phase induction motor should be strong and rigid as the air gap length of three phase
induction motor is very small. Otherwise, the rotor will not remain concentric with the stator, which
will give rise to an unbalanced magnetic pull.

Stator Core

The main function of the stator core is to carry the alternating flux. In order to reduce the eddy current
loss, the stator core is laminated. These laminated types of structure are made up of stamping which is
about 0.4 to 0.5 mm thick. All the stamping are stamped together to form stator core, which is then
housed in stator frame. The stamping is made up of silicon steel, which helps to reduce the hysteresis
loss occurring in the motor.
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Stator Winding or Field Winding

The slots on the periphery of the stator core of the three-phase induction motor carry three phase
windings. We apply three phase ac supply to this three-phase winding. The three phases of the
winding are connected either in star or delta depending upon which type of starting method we use.
We start the squirrel cage motor mostly with star-delta stator and hence the stator of squirrel cage
motor is delta connected. We start the slip ring three-phase induction motor by inserting resistances
so, the stator winding of slip ring induction motor can be connected either in star or delta. The
winding wound on the stator of three phase induction motor is also called field winding, and when
this winding is excited by three phase ac supply, it produces a rotating

magnetic field.

Types of Three Phase Induction Motor

1. Squirrel Cage Three Phase Induction Motor
The rotor of the squirrel cage three phase induction motor is cylindrical and have slots on its
periphery. The slots are not made parallel to each other but are bit skewed (skewing is not shown
in the figure of squirrel cage rotor besides) as the skewing prevents magnetic locking of stator and
rotor teeth and makes the working of the motor more smooth and quieter. The squirrel cage rotor
consists of aluminum, brass or copper bars (copper bras rotor is shown in the figure beside). These
aluminum, brass or copper bars are called rotor conductors and are placed in the slots on the
periphery of the rotor. The rotor conductors are permanently shorted by the copper, or aluminum
rings called the end rings. To provide mechanical strength, these rotor conductors are braced to
the end ring and hence form a complete closed circuit resembling like a cage and hence got its
name as squirrel cage induction motor. The squirrel cage rotor winding is made symmetrical. As
end rings permanently short the bars, the rotor resistance is quite small, and it is not possible to
add external resistance as the bars get permanently shorted. The absence of slip ring and brushes
make the construction of Squirrel cage three-phase induction motor very simple and robust and
hence widely used three phase induction motor. These motors have the advantage of adopting any
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number of pole pairs. The below diagram shows a squirrel cage induction rotor having aluminum

bars short circuit by aluminum end rings.

Advantages of Squirrel Cage Induction Rotor

1. Its construction is very simple and rugged.

2. As there are no brushes and slip ring, these motors requires less maintenance.

Applications of Squirrel Cage Induction Rotor

We use the squirrel cage induction motors in lathes, drilling machine, fan, blower printing
machines, etc

Slip Ring or Wound Rotor Three Phase Induction Motor

In this type of three phase induction motor the rotor is wound for the same number of poles as that
of the stator, but it has less number of slots and has fewer turns per phase of a heavier conductor.
The rotor also carries star or delta winding similar to that of the stator winding. The rotor consists
of numbers of slots and rotor winding are placed inside these slots. The three end terminals are
connected together to form a star connection. As its name indicates, three phase slip ring induction
motor consists of slip rings connected on the same shaft as that of the rotor. The three ends of
three-phase windings are permanently connected to these slip rings. The external resistance can be
easily connected through the brushes and slip rings and hence used for speed controlling and
improving the starting torque of three phase induction motor. The brushes are used to carry
current to and from the rotor winding. These brushes are further connected to three phase star
connected resistances. At starting, the resistance is connected to the rotor circuit and is gradually
cut out as the rotor pick up its speed. When the motor is running the slip ring are shorted by
connecting a metal collar, which connects all slip ring together, and the brushes are also removed.
This reduces the wear and tear of the brushes. Due to the presence of slip rings and brushes the
rotor construction becomes somewhat complicated therefore it is less used as compare to squirrel
cage induction motor.
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Slip Ring Three Phase Induction Motor

Advantages of Slip Ring Induction Motor
3. It has high starting torque and low starting current.
4. Possibility of adding additional resistance to control speed.

Application of Slip Ring Induction Motor
Slip ring induction motor are used where high starting torque is required i.e in hoists, cranes,

elevator etc.
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Difference between Slip Ring and Squirrel Cage Induction Motor

Slip ring or phase wound Induction motor Squirrel cage induction motor I

Construction is complicated due to presence of slip ring and Construction s very simple

brushes
The rotor consists of rotor bars which are
The rotor winding is similar to the stator winding permanently shorted with the help of end
rings
We can easily add rotor resistance by using slip ring and Since the rotor bars are permanently shorted,
brushes its not possible to add external resistance

Due to presence of external resistance high starting torque
can be obtained

Staring torque is low and cannot be improved
Slip ring and brushes are present Slip ring and brushes are absent
Frequent maintenance is required due to presence of brushes Less maintenance is required

The construction is simple and robust and it is
cheap as compared to slip ring induction
motor

The construction is complicated and the presence of brushes
and slip ring makes the motor more costly

Due to its simple construction and low cost.
he squirrel cage induction motor is widely
used

This motor is rarely used only 10% industry uses slip ring
induction motor

Less rotor copper losses and hence high

Rotor copper losses are high and hence less efficiency efficiency

Speed control by rotor resistance method is

Speed control by rotor resistance method is possible -
not possible

Squirrel cage induction motor is used in
lathes, drilling machine, fan, blower printing
machines etc

Slip ring induction motor are used where high starting
torque is required i.e in hoists, cranes, elevator etc

Production of Rotating Magnetic Field:

The production of Rotating magnetic field in 3 phase supply is very interesting. When a 3-phase
winding is energized from a 3-phase supply, a rotating magnetic field is produced. This field is
such that its poles do no remain in a fixed position on the stator but go on shifting their positions
around the stator. For this reason, it is called a rotating field. It can be shown that magnitude of
this rotating field is constant and is equal to 1.5 fm where fm is the maximum flux due to any
phase.

A three phase induction motor consists of three phase winding as its stationary part called stator.
The three phase stator winding is connected in star or delta. The three phase windings are
displaced from each other by 120°. The windings are supplied by a balanced three phase ac

supply.
Induction molor
Thwee ) OR ¥\
sy i gl¥ X
m_: » o4

Star or delia connecled 3 phase winding
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The three phase currents flow simultaneously through the windings and are displaced from each
other by 120° electrical. Each alternating .phase current produces its own flux which is
sinusoidal. So all three fluxes are sinusoidal and are separated from each other by 120°. If the
phase sequence of the windings is R-Y-B, then mathematical equations for the instantaneous
values of the three fluxes ®-. ®v, ®s can be written as,

@« = Omsin(wt)

@y = Omsin(ot - 120)

®s = Omsin(ot - 240)

As windings are identical and supply is balanced, the magnitude of each flux is ®m .

0‘ PhaseR PhaseY Phasef

‘m’

pa— - (.0‘
! 8= ot
{a) Waveforms of three fluxes (b} Assumed positive directions

Casel: ot=0
®: = Omsin(0) = 0
Dy = Onsin(0 - 120) = -0.866 D
®s = Omsin(0 - 240) = +0.866 D
Case 2 : ot =60
@ = Dsin(60) = +0.866 D
Dy = Osin(- 60) = -0.866 Om
®s = Omsin(- 180) =0
Case 3 : ot =120
D = Dnsin(120) = +0.866 D
Oy = (DmSin(O) =0
ds = (DmSin(- 120) =-0.866 ®m
Case 4 : ot =180
®: = Omsin(180) =0
Dy = (DmSin(GO) = +.866 Onm
D = (DmSin(- 60) =-0.866 ®m 8
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By comparing the electrical and phasor diagrams we can find the the flux rotates one complete
360 degree on the 180 degree displacement of flux.

() e=0
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I ) 8e138° fv18=180

Effect of Frequency on Rotor Parameter in the Three Phase Induction
Motor

Rotor emf

O When the three phase supply is given to the three phase induction motor, the
rotating magnetic field is produced which rotates at synchronous speed.

Starting condition

. The speed of the rotor during starting condition is zero therefore the relative
speed between stator rotating magnetic field and rotor speed is

Ns — N = Ns
. When the rotor conductors cut the rotating magnetic field, an emf will be
induced in it.
. Let us consider that the induced emf in the rotor is E,

Running condition

. Let us assume that the induced emf in the rotor is E,’. The relative speed
between stator rotating magnetic field and rotor speed is N, — N.
. The induced emf in the rotor condition is

Relative speed WWW Rotor emf 9
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Ns
Ns—N

E2
E2’

EZ’:[Ns—N/Ns]EZ

E2’ =sE2

[ The slip at starting is unity therefore the rotor induced emf is same as that of

starting condition.

. However the rotor induced emf decreases as the speed increases or slip

decreases.

Effect of slip on rotor Parameters

. The effect of slip on rotor parameter is summarized as below. As the slip
decreases during running condition, all the parameter decreases during

condition.

Rotor parameter

Starting condition

Running condition

Frequency of rotor emf f f =sf

Rotor induced emf E2 E2’=s E2

Rotor resistance R2 R2

Rotor reactance X2 =2nfL X2 =§ Xa= s( 2nfL)
i 72 =R + X2

Rotor impedance ZrNRPAXE 5 >

=~ R2" + (sX2)
l2=E2/Z> " =E./Z;

Rotor current

lo=E2/ \/R22+X22

l’= s E2/ VR + (sX2 )2

running

10


http://www.myelectrical2015.com/2018/01/synchronous-speed-slip-speed-slip-rotor.html

Cos@2=R2/Z> |Cos@2=Ra/Z2
Rotor power factor

=Ro/NR22+X2? =R/ VR + (sX2 )2

RELATION SHIP BETWEEN P2, PC, PM:

The rotor input P2, rotor copper loss P¢c and gross mechanical power developed Pm are related through the
slip s. Let us derive this relationship.

Let T = Gross torque developed by motor in N-m.

We know that the torque and power are related by the

relation, P=Tx ®
where P = Power
and ® = angular speed
= (2aN)/60 , N = speed in r.p.m.
Now input to the rotor P2 is from stator side through rotating magnetic field which is rotating at
synchronous speed Nis.

So torque developed by the rotor can be expressed interms of power input and angular speed at which

power is inputted i.e. s as,
P2=Txws where ms=(2nNs)/60 rad/sec
P2=T x (2nNs)/60 where Nsisinr.p.m. ... @)

The rotor tries to deliver this torque to the load. So rotor output is gross mechanical power developed P
and torque T. But rotor gives output at speed N and not N s. So from output side Pmand T can be related
through angular speed ® and not ws.

Pm=Tx®  where ®=(2nN)/60

Pm=Tx(Q@2naN)e0 ... 2
The difference between P 2 and Pm is rotor copper loss Pc.

Pc=P2-Pm=T x (2nNs/60) - T x (21N/60)

Pc=T x (2n/60)(Ns - N) = rotor copper loss ... (3)
Dividing (3) by (1),

2x
P Txg®™s-N N.-N

P Tx%gx N, Ns

Pc/P2 =5 as (Ns- N)/Ns=slip s
Rotor copper loss Pc = s x Rotor input P2
Thus total rotor copper loss is slip times the rotor input.
Now P2 -Pc=Pm

P2 -sP2 =Pm

(1-s)P2=Pm
Thus gross mechanical power developed is (1 - s) times the rotor input
The relationship can be expressed in the ratio from as,

’Pz:Pc:Pm is 1_:3:1-3‘

The ratio of any two quantities on left hand side is same as the ratio of corresponding two sides on the
right hand side.
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P, P, 1 ‘
For example, F,:”l_is" -P—:-'; and so on. | |

This relationship is very important and very frequently required to solve the problems on the power
flow diagram.

Key Point : The torque produced by rotor is gross mechanical torque and due to mechanical losses entire
torque can not be available to drive load. The load torque is net output torque called shaft torque or useful

torque and is denoted as Tsh. It is related to Pout as,

T, = Poul - poul
s$h” T 2N
60

and Tsh < T due to mechanical losses.

Derivation of k in Torque Equation

We have seen earlier that
T = (k s E22 R2)/I(R2 +(5 X2)?)
and it mentioned that k = 3/(2x ns) . Let us see its proof,
The rotor copper losses can be expressed as,
Pe=3x Iz XR2

but lar = (s Ez)/\/(Rz2 +(s Xz)z), hence substituting above

r 2

! SE |
P, = 3| a2 ] xR,
l\,f R, +(sX,)?

o

3s? E,2 R,
R,? +(sX;)?

Now asper Pz2:Pc:Pmis 1:s:1-s,
Pc/Pm = S/(l-S)

Now Pn=Txo
=T x (2nN/60)
Tx 2EN (1-s)3 s E,> R,
60 R22 +(3X2)2

2N R22 +(SX2 )2

T =

Now N = Ns (1-s) from definition of slip, substituting in above,
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60 (1-s)3 s E,” R,

T = X
2KN‘(1-S) Rzz +(sx2)2

3 sE,? R,

= X
2,(( N.] Ry +(sX, )2

60

but Ns/60 = ns in r.p.m.
So substituting in the above equation,

3 sliz2 R2
x
ZR0;  R,? +(sX,)?

T =

Comparing the two torque equations we can write,

where ng is in r.p.s.

Power Flow Diagram and Losses of Induction Motor:

Power Flow Diagram of Induction Motor explains the input given to the motor, the losses occurring and the output of the
motor. The input power given to an Induction motor is in the form of three-phase voltage and currents. The Power Flow
Diagram of an Induction Motor is shown below.

Stator Input

l statoroutpet A

Core loss in _ air gap power
L TEANR——
the stator
I’R Loss in the
rotor powe:
Rotor core _Frictionfoss Windage Stray loss Useful power \
loss loss J output obtained
L} J l\.‘
at rotor shaft

The power flow is given by the equation shown below.
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P, = \/§VLILcoscpi = 3Vgplgpcos9;

Where cos¢i is the input power factor
The losses in the stator are

I:R losses in the stator winding resistances. It is also known as Stator copper losses.

PSCL =3 Isszsp

Hysteresis and Eddy current losses in the stator core. These are known as Stator core losses.

Ps h+e)

The output power of the stator is given as

Pos - l:)i o Psc_ Ps(h+e)

This output power of the stator is transferred to the rotor of the machine across the air gap between the stator and the rotor.

Itis called the air gap Pgof the machine.
Thus,

The Power output of the stator = air gap power = input power to the rotor

The losses in the rotor are as follows.

I2R losses in the rotor resistance. They are also called Rotor copper lossesand represented as
= 2
Prc =3 I2 RZ
Hysteresis and eddy current losses in the rotor core. They are known as Rotor core losses.

Pr (h+e)

Friction and Windage losses P

Stray load losses Puwisc, consisting of all losses not covered above, such as losses due to harmonic fields.
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If the rotor copper losses are subtracted from rotor input power Py, the remaining power is converted from electrical to
mechanical form. This is called Developed Mechanical Power Pm.

Developed Mechanical power = Rotor input — Rotor copper loss

Pmd = l:)ir o Prc or
Prc

— 2
The output of the motor is given by the equation shown below.

Po = Pmd - wa s l:)misc

P, is called the shaft power or the useful power.

Rotational losses

At starting and during acceleration, the rotor core losses are high. With the increase in the speed of
the induction motor these losses decreases. The friction and windage losses are zero at the start. As
the speed increases the losses, also start increasing. The sum of the friction, windage and core losses
are almost constant with the change in speed. These all losses are added together and are known as
Rotational Losses.

It is given by the equation shown below.

l:)rot = wa + Ph+e ce l:>misc
l:)0 = Pmd o Prot = l:)md o wa . l:)h+e T Pmisc
The Rotational losses are not represented by any element of the equivalent circuit as they are purely mechanical quantity.

Phasor Diagram of Three Phase Induction Motor:

In a 3-phase induction motor, the stator winding is connected to 3-phase supply and the rotor winding
is short-circuited. The energy is transferred magnetically from the stator winding to the short-
circuited, rotor winding. Therefore, an induction motor may be considered to be a transformer with a
rotating secondary (short-circuited). The stator winding corresponds to transformer primary and the
rotor finding corresponds to transformer secondary. In view of the similarity of the flux and voltage
conditions to those in a transformer, one can expect that the equivalent circuit of an induction motor
will be similar to that of a transformer. Fig. 3.8 shows the equivalent circuit per phase for an
induction motor. Let discuss the stator and rotor circuits separately.
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Stator circuit. In the stator, the events are very similar to those in the transformer primary. The
applied voltage per phase to the stator is V1 and Rland X1 are the stator resistance and leakage
reactance per phase respectively. The applied voltage V1 produces a magnetic flux which links the
stator winding (i.e., primary) as well as the rotor winding (i.e., secondary). As a result, self-induced
e.m.f. E1 is induced in the stator winding and mutually induced e.m.f.

E'2 (= s E2 = s K E2 where K is transformation ratio) is induced in the rotor winding. The flow of
stator current 1 causes voltage drops in R1 and Xa.

Vi1=-E1+ l1(Ri+jX1) ...... phasor sum

When the motor is at no-load, the stator winding draws a current 10. It has two components viz.,

() which supplies the no-load motor losses and (ii) magnetizing component Im which sets up
magnetic flux in the core and the air gap. The parallel combination of Rc and Xm, therefore,
represents the no-load motor losses and the production of magnetic flux respectively.

lo=lw+ Im

Rotor circuit. Here R2 and X2 represent the rotor resistance and standstill rotor reactance per phase
respectively. At any slip s, the rotor reactance will be X2 The induced voltage/phase in the rotor is E"
=s E2 = s K E1 . Since the rotor winding is short-circuited, the whole of e.m.f. E'2 is used up in
circulating the rotor current I.

E’2 = 1’2 (R2 + jsX2)

The rotor current 1'2 is reflected as 12 (= K I'2) in the stator. The phasor sum of 1"z and lo gives the
stator current Ix.

It is important to note that input to the primary and output from the secondary of a transformer are
electrical. However, in an induction motor, the inputs to the stator and rotor are electrical but the
output from the rotor is mechanical. To facilitate calculations, it is desirable and necessary to replace
the mechanical load by an equivalent electrical load. We then have the transformer equivalent circuit
of the induction motor.
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It may be noted that even though the frequencies of stator and rotor currents are different, yet the
magnetic fields due to them rotate at synchronous speed Ns. The stator currents produce a magnetic
flux which rotates at a speed Ns. At slip s, the speed of rotation of the rotor field relative to the rotor
surface in the direction of rotation of the rotor is

120 f* 120sf :
P P ’

But the rotor is revolving at a speed of N relative to the stator core. Therefore, the speed of rotor field
relative to stator core

=sN_+N=(N, -N)+N=N,

Thus no matter what the value of slip s, the stator and rotor magnetic fields are synchronous with each
other when seen by an observer stationed in space. Consequently, the 3-phase induction motor can be
regarded as being equivalent to a transformer having an air-gap separating the iron portions of the
magnetic circuit carrying the primary and secondary windings. Fig. 3.9 shows the phasordiagram of
induction motor.

Equivalent Circuit of an Induction Motor

Equivalent Circuit of an Induction motor enables the performance characteristics which are
evaluated for steady state conditions. An induction motor is based on the principle of induction of
voltages and currents. The voltage and current is induced in the rotor circuit from the stator circuit for
the operation. The equivalent circuit of an induction motor is similar to that of the transformer.

Stator Circuit Model

The stator circuit model of an induction motor consists of a stator phase winding resistance Ri, stator
phase winding leakage reactance X1 as shown in the circuit diagram below.
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The no load current lo is simulated by a pure inductive reactor Xo taking the magnetizing component
Iu and a noninductive resistor Ro carrying the core loss current lo. Thus,

The total magnetizing current lo is considerably larger in the case of the induction motor as compared
to that of a transformer. This is because of the higher reluctance caused by the air gap of the induction
motor. As we know that, in a transformer the no load current varies from 2 to 5% of the rated current,
whereas in an induction motor the no load current is about 25 to 40% of the rated current depending
upon the size of the motor. The value of the magnetizing reactance Xo is also very small in an
induction motor.

Rotor Circuit Model

When a three phase supply is applied to the stator windings, a voltage is induced in the rotor windings
of the machine. The greater will be the relative motion of the rotor and the stator magnetic fields, the
greater will be the resulting rotor voltage. The largest relative motion occurs at the standstill
condition. This condition is also known as the locked rotor or blocked rotor condition. If the induced
rotor voltage at this condition is Ez2o then the induced voltage at any slip is given by the equation
shown below.

Epe = SEpg s e et (2)

The rotor resistance is constant and is independent of the slip. The reactance of the induction motor
depends upon the inductance of the rotor and the frequency of the voltage and current in the rotor.

If L2 is the inductance of rotor, the rotor reactance is given by the equation shown below.
X2 = 2T[f2 L2

But k
ut, as we know www.Jntufastupdates.com 18



f2 = Sfl

Therefore,

X5 =2wsf Ly =5 (2uf;l») or
X2 — SXZO ......... (3)

Where, Xzo is the standstill reactance of the rotor.

The rotor circuit is shown below.

. \
\

Frequency f, = sf,

The rotor impedance is given by the equation below.

Zos = Ry + jX;5 or

Tl Ryl [y ()

The rotor current per phase is given by the equation shown below.

L. = L2
2s Zzs
sEsg
B e 5
i R, + jsX50 ®)

Here, I2 is the slip frequency current produced by a slip frequency induced voltage sEzo acting in the
rotor circuit having an impedance per phase of (R2 + jsX2o). 19
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Now, dividing the equation (5) by slip s we get the following equation.

The Rz is a constant resistance and a variable leakage reactance sXzo. Similarly, the rotor circuit
shown below has a constant leakage reactance Xzoand a variable resistance R2/s.

The equation (6) above explains the secondary circuit of an imaginary transformer, with a constant
voltage ratio and with the same frequency of both sides. This imaginary stationary rotor carries the
same current as the actual rotating rotor. This makes possible to transfer the secondary rotor
impedance to the primary stator side.

Approximate Equivalent Circuit of an Induction Motor

The equivalent circuit is further simplified by shifting the shunt impedance branches Ro and Xo to the
input terminals as shown in the circuit diagram below.

Xl X’_’ R'7 l'v
Y Y Y'Y A
R’2(1-s/s)
E'2=E

The approximate circuit is based on the assumption that V1 = E1 = E’2. In the above circuit, the only
component that depends on the slip is the resistance. All the other quantities are constant. The
following equations can be written at any given slip s is as follows:-

Impedance beyond AA’ is given as

RI
Fosili= (R1+ Tz>+ st X)) snmns k)

e 2
2 ZAAI...... ew

.(8)

Putting the value of ZAA’ from the equation (7) in the equation (8) we get

V
I', = T (9)

(R1+ _S_)+ J(X1+ X,2)

www.Jntufastupdates.com
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Therefore,

Y
r, = |Is] = e (10)

R\
(R1 + ?2) + j(Xy + X5)?

Hence,
I'; = I cos@, — jl'; sings, ........(11)
Where,
X, + X,
tan @, = 1—R' v eernn (12)  and
Rl + """‘
R+ (Rlz/S)
CosS @, = T U i )
No load current lo is
Io = Iu + IO.)
Vi VY
I = —+4+ —
i TS T
Ip =V, (1 1) 14
0= R, ]Xo —

Total stator current is given by the equation shown below.
Il — Ié + IO

Total core losses are given by the equation shown below.

Ph+e — 3V110 COSPq -vvvnn ennn s (15)
Stator input = 3V,1; cos@,

Stator input = 3V;I', cos@, + Bie
RI
Stator input = 31’ (R1 + —) + By
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Air gap power per phase is given as

R’ VZ(R,/s
P, = V;I'; cosg, = I 32 = , 12( 2/5)
(R1 + %) + (X1 + X'5)?

Developed torque is given by the equation shown below.

E
Tiy=— or
ST
Vi(R';/s)
Ty = R’l . L W (16)
ws (R1+ ?2) + (X + X'5)?

The above equation is the torque equation of an induction motor. The approximate equivalent circuit model is the standard
for all performance calculation of an induction motor.
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