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Lecture focus

• Advantage, disadvantage
• Construction
• Principle
• Equivalent circuit
• Model of induction motor
• ω – M and other characteristic
• Velocity regulation
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Basic description
•The most wide-spread electic motors

•Used for aplication with the constant velocity such 
as :

•pumps,

• ventilators,

• compressors, blowers,
mining and construction machines
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Basic description

• Disadvatages
– It is not suitable for application with the

request on accurate positioning
– Big current stroke at starting up (5 – 9) x In
– Consumption of reactive current

• Advantages
– Simple construction
– Cheap
– The highest service dependability
– The frequent servicing is not needed
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Construction

Body 
shell

Stator 
lamination

Rotor 
lamination

Terminal 
cover

Stator 
winding

Rotor 
cage

Shaft
External
ventilator
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Construction

• Stator 
– magnetic core made up of punchings

(laminations) – 0,1 mm to 0,5 mm thick
– slot-embedded coils – interconnected in 

a certain fashion to constitute the so-
called a.c. armature winding
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Construction

• Rotor
– Laminated core with uniform slotting
– Aluminum(copper) bars short-circuited by end-rings

(the squirrel cage)
or

– tree-phase winding connected to some copper ring and
fixed brushes (wound rotor)
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Construction
Electrical scheme of induction motor with wound rotor
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Motor principle

• The induction motor principle is
founded on the interaction of stator 
rotation magnetic field and currents, 
which are created by this field in the
rotor winding

• Us => Is =>Rot.mag.field => UiR => IR 
=>F = B.IR.l=>M=>n
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Motor principle

• Slip speed
n2 = ns – n

• ns = synchronous speed
• n = motor speed

• Slip
Slip is ratio of slip velocity and synchronous velocity
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Motor principle

• Frequence f2 depens on slip velocity n2
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Induction machine works as motor for velocity 0 ≤ n < nm

and for slip 1 > s > 0 that meas slip is positive, n2 and ω2m has the same
sense of rotation as rotating magnetic field

Induction machine works as brake for velocity n < 0 a |n2| > |n1| and slip 
+      > s > 1

Induction machine works as generator when n > n1 and - < s < 0
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Equivalent circuit of induction motor
• After conection

symmetrical
resistances to the
stalled motor, we
close the circuit
and through the
winding will pass
m – phase current, 
which create
rotating field
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Equivalent circuit of induction motor

• Stator magnetic flux

• Rotor magnetic flux σ11 Φ+Φ=Φ VC

σ22 Φ+Φ=Φ VC

Stator voltage equation

111111 iUIjXIRU ++= σ
Rotor voltage equation

222222 iUIjsXIRU ++= σ
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Equivalent circuit of induction motor

• Recomputation rotor quantities to the stator
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Equivalent circuit of induction motor
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Equivalent circuit of induction motor

• For cage motor and we could write0
'
2 =

s
U
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From this both equations at considering of iron influence we can
draw equivalent circuit of induction motor

R1 – stator resistance winding

X1σ – stator leakage inductance

R‘2 – rotor winding resistance

X‘2σ – rotor leakage inductance

X12 – magnetic reactance

RFE – magnetic loses resistance
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Equivalent circuit of induction motor

• What is the meaning of the element ?s
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Energy balance and torque
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Equivalent circuit Γ - network
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Shunt arm has size after transformation

where

We can express the equation for I1:
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Induction motor torque

• At first simplification

1̂c is complex number 0
00

ˆˆ ϕjeZZ −⋅=

usually RFe >> X1h => φ -> => -> and in

addition -> 1

Xσ = X1σ+c1X´2σ – shortcut reactance
with regard for this facts
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Induction motor torque
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And finally, we can write the equation for induction motor torque
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Speed-torque characterictic
• For deduction of speed-torque characteristic we need to know

Mmax, M(s=1),M(s=0)

• How to find maximum?
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Speed-torque characterictic

• For motors with P>10 kW
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Conclusions

Mmax=f(U2);Mmax is influenced by R1 and much more 
by Xσ
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Speed-torque characterictic

• How looks like the torque of induction motor for s 
close to 1 and 0

• If s=1 than
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Speed-torque characterictic

• From Results dedused till now result in the
characteristic showed on the picture
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Speed-torque characterictic of induction
machine

Brake

st
ar
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g

torque overload capacity )2,27,1(max −=
nM
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IM - characteristics

• no-load run characteristics
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IM - characteristics

• Short-circuit run

• I1k=4 – 7 In
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IM - characteristics

• Load run
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IM Startup

• Direct connection – to the 3 - 5 - 7 kW
(depends on short-circuit net capability)

• Reduced voltage – delta – start connection
( )

- Autotransformer
- Soft start – obr. 9.10

• Change of rotor resistance
(possible only at slip - ring rotor)

• Double squirrel cage rotor
• Vortex cage

333
PMPMUU →⋅=→→→ ω
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IM Braking

• 1) Countercurrent s>1 
(Braking torque is lower than starting torque,
great current surge)
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IM Braking

• 2) DC current
(DC source necessary, unequal load of phases, 

ineffective at low revolutions)
• 3) Rekuperative braking

(cross from motor run to the generator run at
active torque or wind, water station, we have
to supply by reaktive power)
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IM speed control

)1(60)1( s
p
fsnn s −=−=

1)Poles switching
(ns change (3000 – 750), motor efficiency

falls off, because utilizing of motor is
lower, the motor has max. 2 speeds)
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IM speed control

• 2) Slip increasing, changing by R‘2

n

M

s1

s2

s3
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IM speed control

• variable frequence
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IM speed control

M=konst P=konst

For n > ns, U = Un , => IM is de-excitated, => 
motor torque diminishes, starting torgue as 
well
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IM speed control

• Influence compensation of stator resistance
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IM speed control

• Vector control
– It uses mathematical model and works not 

only with sizes of U and I, but with the vector
directions too

– Suitable for dynamical processes with surge
load

– It uses the principle of speed control at DC 
machine with separate extitation

– There are separately controled flux and torque
– The converters for vector speed control are 

more expensive, but I get the co-ordinate
drive with DC-motor with external excitation
with speed sensor
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Thank you for yours attention

Induction motors
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