A!!

Aalto University
School of Electrical
Engineering

Lecture 2: Scalar-Controlled Induction Motor Drive
ELEC-E8402 Control of Electric Drives and Power Converters

Marko Hinkkanen
Spring 2021

1/14



Learning Outcomes

After this lecture and exercises you will be able to:
» Express the dynamic inverse-I" model in synchronous coordinates

» Calculate steady-state operating points and
draw the corresponding vector diagrams

» Explain the operating principle of the scalar control
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Motor Model
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Model in Stator Coordinates

» \oltage equations

s

(0

S

IR
dt

ufy = Reéfy + —2 — jwwdl, =0

» Flux linkages

ﬁ = Lo’lz + %;
Vi = Lu(E +ir)

» Steady state: d/dt = jws
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Model in Synchronous Coordinates

» Synchronous (dq) coordinates rotate at
the angular speed wy

» Coordinate transformation 75 = i e/’s,
where no superscript is used in
synchronous coordinates

» \oltage equations become

R dy
Uy = SZSJFEJF.]‘US%S

o Ay
ug = Rpig + d;tR +jwrtpy =0
» Angular speed of the coordinate system

> w, with respect to the stator
> w, = ws — wy With respect to the rotor
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Model in Synchronous Coordinates

» \oltage equations

Rug dy
U = Rt + — + jwsth,

dyp
up = Ryig + d;tR + jwrtpy, =0

» Flux linkages

b, = Loiy + vy,
Y = Ll +ig)

» Steady state: d/dt =0
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Power Balance

3 . . 3 . 3 . dW; w
B Re {ugig +ugip} = §Rs|ls\2 + §RRBR|2 tg T TM?m

» Electromagnetic torque

3p o
Tv = ?Im {@SQS}

» Rate of change of the magnetic field energy

dwy 3 LA dey 3d (1. o 1. .,
_ _Z * 8 ——Y - _ 471;0> 471;
at QRG{ZS a TRy par \ Lol + 5 Lntlinl

is zero in the steady state
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Vector Diagram: Currents and Flux Linkages

» Airgap and leakage flux
paths are sketched

» All vectors are constant in
synchronous coordinates
in the steady state
(but the rotor slips at —wy)

¥

iR
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Steady-State Torque

» Torque in the steady state

21T,

Tv =
» Breakdown torque
T =

» Breakdown slip

R
wip, = —— Where o=
oL

wr/wrb + Wrb/wr

_3p  Lwm P2
2 Ly+ Ly 2L,

Lo

LM+LO'

See the derivation in Exercise 1.
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T

Wrb

Wr
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Scalar Control
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Stator Voltage vs. Stator Frequency

» Steady-state stator voltage

R . + . ¢ /Z‘[’H//II’IIlPLX
U, = (3 w,
Y SZs J 5Tg /l/)s/'l/fsN /wq ~ qu Us = Umax
» Approximate magnitude ===z ~
s = |t I
s — |Ws|WPs S~
0.5 1 ~~.
Us = |Ujs‘LbsPJ
where us = |u | and s = |¢ |
» Maximum voltage is limited 0 . . . .
0 0.5 1 1.5 2 ws/wsN

Us < Umax
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Scalar Control or Constant-Volts-per-Hertz Control

» Based on the steady-state equations Vs ref l hUdC ;—"—;

» Supply frequency ws s corresponds weret | Scalar | % ver
to the desired rotor speed — : PWM A~

control ~
» Some speed error due to the slip
(can be partly compensated for)

» Slow or oscillating dynamics
» Torque cannot be controlled
» Current cannot be limited

Us ref = Ws refPs ref (+Rsis cOMpensation)

» For simple applications Us = [ W rerdt

. _ 04
E:_’ref = us,refe']
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Example
load torque 71,

2 Wm/me

SN

7,0 Ws = WsN
.

e ws :wsN
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Breakdown
torque Ty,

Continuous
weakened-field
operating area

Continuous

full-field

operating area
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