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Course Logistics

 No tutorial this week

e Labs

* See important announcement on Canvas: You must submit all 5 lab reports in order
to take the final exam; also, labs cannot be re-weighted to the final

* Lab 3 manual posted

* Assighments
e One on Module 5
e One on Module 6

* Quizzes
* One on Module 5
e One on Module 6
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Module 5: AC Induction Machines

Most commonly used AC motors in industrial applications
e Ffficient, Reliable

e low maintenance

e [nexpensive to produce

e Often used with power-electronic drives



Objectives & important concepts

Role and applications of induction machines

Types and construction of typical induction machines

Concept W apples . AC  praehint®
Multi-pole (P-pole) stator system

Speeds (electrical, synchronous, mechanical, etc.)

Concept of slip and slip frequency

Principle of operation (motor / generator)

Steady state equivalent circuits, determination of parameters, and application for engineering
calculations

Power conversion & development of electromagnetic torque
Torque-speed characteristic, regions / modes of operation

Effect of rotor bars design & NEMA Classes

Basic principle of variable frequency drives (VFDs) & speed control

Must read Chapter

————



Electrical Motors & Generators

s Electromechanical Energy Conversion Devices
—  Predominant way of generating and consuming electrical energy

¢ Electrical Energy Generation

— Almost all electricity produced in BC (10 ~12GW) is produced by Synchronous Generatgrs
<+ Electrical Energy Utilization |

—  About 65% of all electricity is consumed by motors: mostl¥ inggction, less synchronous, etc.

-  For i_ndﬂstr it is t 85%

> 500 hp

51- 500 hp 6,

16%

Fractional hp
6-50 hp 19%
Q,
30% 1-5hp
9% 5
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Induction Motors in Indus




Induction Generators

12. High-speed shaft
13. Yaw drive

14. Yaw motor

15. Tower

« Range from 1kW to 2MW

« Speed of the shaft changes with wind

- Efficient, Reliable, Low maintenance

« Often used with power electronic converters



Doubly-Fed Induction Generator (DFIG)

Wind turbine i 7
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» The rotor has an actual winding which is accessed through slip-rings

= Stator is directly connected to the 3-phase grid

» Rotor voltages & frequency are controlled by Rotor-Side Converter (RSC)

» DC-link voltage is controlled by Grid-Side Converter (GSC)

=  Maximum Power Point tracking control is typically implemented to maximize generation of renewable
energy at given wind conditions



Electromechanical Energy Conversion ¢« '{‘?M

Mechanical Electrical Electrical System
Energy - Energy (Transmission, load,
Conversion etc.)
Device or
(Substation, feeder,
source, etc.)

Mechanical System
(Prime Mover,
Turbine, etc.)

or
(Load, plant)

Powe
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Can the energy flow in both directions in the same device? Neg
Can the energy flow into the device from both sides? Mes

Can the energy flow out of the device from both ends? et . (Vw_itmé)
What is inside that devices that can store energy? M»{( gt ﬁe/@ , et

How does the energy gets converted? ig_ - {
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6oling ER Construction of a Typ|Ca| IM N
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Easy to manufacture
D

Stator lamination Rotor lamination



‘Wound Rotor Winding (Doubly-Fed Ind. Machine - DFIM)

The rotor winding is connected to slip-rings and can be accessed m 5@&& uh ;ﬂﬁx
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Squmml@g Rotor . oo cwess & o

Rotor skewi sed to minimize reluctance torque and integration with stator slots/teeth

nluul'ﬂl U Da.l b
(conductors)

Aluminum
blades for
cooling

Rotor shaft

Aluminum
end-rings
(rotor winding)

Rotor core
(laminated steel)
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How many phases would such rotor have? —> A i B8 g ot



Squirrel-Cage Rotor —> e e fr b coge hrt Spueel e

Squirrel-cage rotor winding
Rotor bar

The rotor winding is short-
circuited and cannot be
accessed!




Stator Windings — « o pluges s impeimt fo ceaber Rt s+ harse

* A typical stator would have 3-phases, which may be Y or A connected uw%_ Leotos
* Windings may have multiple sections that may form parallel and/or series connection j[(,M

e




Rotating Magnetic Field
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Rotating Magnetic Field
gator Windings Magnetic AXIs
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at fe = 60Hz or 50Hz
we =27 fq

i, =1, cos(m,t)
0“{‘ R
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F, =F, cos(a,t)
F, = F, cos(m,t —120°)
F, = F, cos(m,t +120°)
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Rotating Magnetic Field 2, 2 (sesl o) > deaas() €305 g
N Apply balanced set of currents

Stator Windings Magnetic AXiIs
at fe = 60Hz or 50Hz

we =27 fq

i, =1, cos(m,t)
b i, =1, cos(eo,t—120°)
@
i, =1, cos(a,t+120°)
Ao —
N\ /.o =7 T —
MMFs in each axis
©

F =NI_
F, =F, cos(a,t)
F, = F, cos(m,t —120°)

U un (£ )

F, = F, cos(m,t +120°)

Resultingmmf (F  =F +F +F,
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Rotating Magnetic Field at @

bs axis

Apply balanced set of currents

s = |y COS(wet)

_—

ihs = Im cos(a)et —120°)

s = Iy cos(a)et +120°)
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Rotating Magnetic Field at@

Currents

bs axis

CS axis

1.5 1

T4 I

Apply balanced set of currents
s = |y COS(wet)

s = Iy cos(a)et +120°)

[ —
Fas = 'f’-i i
_ (
ch =~ b~

Resulting MMF
|:s — Fas + I:bs + ch

— ? T 0
2 b Ll
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Rotating Magnetic Field a

bs axis

\abs
> (1S axis

¥

CcS axis
/

Currents

-1.5 4

TN

Apply balanced set of currents
s = |y COS(wet)

s = Iy cos(a)et +120°)

Fos = ~3Fn

|:bs =+ Fo~
R

ch_ 2«{'

Resulting MMF
|:s — Fas + I:bs + ch

- > - 7
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Rotating Magnetic Field at ot =240°

bs axis
Apply balanced set of currents

s = |y COS(wet)

(x) as’ . o
- O \¢s Ihs = Im cos(a)et —-120 )
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; e = | cos( t+120°)
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Rotating Magnetic Field a

bs axis

-1.5 - Time

Currents
—
o o -

Apply balanced set of currents
s = |y COS(wet)

s = Iy cos(a)et +120°)

Resulting MMF
|:s — Fas + |:bs + ch

:5““ ©
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Rotating Magnetic Field — <cw
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Producing Rotating Magnetic Field )
. i . 7 W\Caﬂ/ VWMVL
1. Given a set of AC currents shifted in time /

2. Apply these currents to shifted in space stator windings — Produce MMF vector F, that:
Has constant magnitude

Rotates in space / 30
. ; / 76 b =ln COS(a)et) How many phases can you have ?
2 = I, COS(e1) i, = 1, cos(@,t —120°) Loy 2 leses
L =1_cos|at—90° ot
> = Incos(, ) i, =1, cos(w,t+120°) Ly ag oy @8 oUW
Dsfvﬂ)'ic,cbﬂfﬁ W‘&@’o’\]’& &Q s

How do you change direction of rotation ?
(-—b o —L-c — CCW
w — C - ‘b —> C/[/\)
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Looking ahead...

e Continue Module 5



