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Today’s learning objectives L s

After this part of the lecture and additional reading, you should be able to . ..

@ ...Understand the key differences between a synchronous motor and an
induction motor;

@ ...Understand the concept of rotor slip and its relationship to rotor
frequency;

@ ...Understand and know how to use the equivalent circuit of an
induction motor; and,

@ ...Be able to use the equation for the torque-speed characteristic curve.
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Q Basic concepts of induction machine

@ Induction motor equivalent model

@ Induction machine characteristics
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Q Basic concepts of induction machine

EEN320 — Dr Petros Aristidou — Last updated: January 14, 2025 4/ 20



1 Induced torque in induction machine

Supplying three-phase voltage to the stator creates a rotating magnetic
eld Bg with speed of rotation n = (60 fse)=(P=2)

The rotating magnetic eld induces a voltage on the rotor (similar to a
transformer). This is given by ejng = (v B) | where v is the velocity of
the rotor relative to the magnetic eld, B the magnetic ux density and |
the length of the conductor.

The induced voltage creates a current in the rotor |, (lagging the voltage
due to the inductive nature of the rotor).

S. J. Chapman, Electric Machinery Fundamentals, 5th ed. McGraw-Hill, 2012.
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2 Induction machine model

The induction machine is an electrical machine in which the stator
windings are fed through a three- phase voltage source, while the rotor
windings are short circuited and are circulated by currents induced by
the stator.

In balanced steady-state conditions, the induction machine has an
analog behavior to that of a transformer and hence a transformer model
can be used to represent this machine.

It should be noted that the frequency on the secondary is different than
the primary (unlike transformers).

S. J. Chapman, Electric Machinery Fundamentals, 5th ed. McGraw-Hill, 2012.
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2 Losses and the power-flow diagram L s

Air-gapI power

Pout = Tioad@m
P, =3 Vyl cos 0

| P,
Prcsi stray
p B RCL an: ‘\:wi::;age (P misc.)
Pt core (Rotor
copper
(Stator |pgges) losl‘;l))e
copper
loss)

S. J. Chapman, Electric Machinery Fundamentals, 5th ed. McGraw-Hill, 2012.
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2 Losses and the power-flow diagram L s

Based on the digram of the induction motor:
o Stator coper losses
PscL = 31 Ry

o Core losses
2
Peore = 3E7 Ge

©

Air-gap power
2 Re

Pag = Pin — Psc. — Peore = 3/ S

©

Rotor coper losses
PreL = 355 Rs

Developed mechanical power

©

1_
Peonv = 3/22”?2 ( s S) = (1 - S)PAG

©

Developed torque

Tind = Peonv _ (1 — S)PAG _ Pag
" Wm (1- S)wsync Wsync
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Q Induction machine characteristics
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3 Thevenin equivalent L s

We can use the Thevenin equivalent for the primary side of the induction
motor model (ignoring Ac):

Ry JXtn X3

A/W_MNW\

O S
— s

where
Xu , Z1Zy
Vig = Vg o0—— and Z =R XtH= =0———
TH ¢X1 T Xy TH ™ + JXTH Zi+ 2y
and
b= _Vm
I+ 2

S. J. Chapman, Electric Machinery Fundamentals, 5th ed. McGraw-Hill, 2012.
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3 Torque-speed characteristic 1C Technology
Using the Thevenin equivalent, we get:
2
g = Pag 3V&iR/s
na — -
2 2
Wone  coyne (R + /) + (Xin + Xe)?]
Tind
1“,“\/ Pullout torque
400 4

o
3
: =
‘6 Braking Motor region
& region | n
::é. Rgyne _| Mechanical speed znslync "
3 -200 +
3
= Generator region

400

-600 -+

800 4

S. J. Chapman, Electric Machinery Fundamentals, 5th ed. McGraw-Hill, 2012.
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3 Torque-speed characteristic 0 seesoer

Using the maximum power transfer theorem, the slip at maximum power is
given by:

R. R
T2 = Ry (X + X )2 = Smar = 2
\/F@H + (X1 + X2)?
Leading to:

3V
2ugne R + /Ry + (X + X )?]

Tind—max =
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3 P-s and Q-s characteristics
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o Special cases: s = 1 — locked-rotor, s = 0 — no-load

@ Operating limits:

o Stator thermal limit /max

o Dielectric insulation or maximum feeding voltage limit Vs max

o Stability or magnetizing limit (from curve)

A. Gomez-Exposito, A. J. Conejo, and C. A. Cafizares, Electric Energy Systems Analysis and Operation, 2018.
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3 MOtor Startlng ][ lTJ:cl}\:irDsll;g;f

o Induction motors do not present the types of starting problems that
synchronous motors do (check torque curve).

o However, the starting current required may cause an unacceptable dip in
the power system voltage

o Starting apparent power is given

rated power Sstart
P — lstart =

Sstart = e letter factor V3Vr

o To limit the starting current, different methods are used:
o Autotransformer starter

o Three-step resistive starter
o Star-Delta method
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3 Motor starting
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Nominal code

Locked rotor,

Nominal code

Locked rotor,

letter kVA/hp letter kVA/hp
A 0-3.15 L 9.00 — 10.00
3.15-3.55 M 10.00 — 11.00
C 3.55-4.00 N 11.20 — 12.50
D 4.00 — 4.50 P 12.50 — 14.00
E 450 —5.00 R 14.00 — 16.00
F 5.00 — 5.60 S 16.00 — 18.00
G 5.60 — 6.30 T 18.00 — 20.00
H 6.30 — 7.10 U 20.00 — 22.40
J 7.10 — 8.00 \ 22.40 and up
K 8.00 —9.00
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