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ABSTRACT

This paper to review of control methods for highrfpenance PWM inverter-fed
induction motor drives is presented. Starting frihra description of an induction motor by
the space vectors, the basic control are discugsedirst, the most popular field oriented
control (FOC) is described. Secondly, the direcque and flux vector control (DTC) method
is briefly characterized.

1 INTRODUCTION

The induction motor thanks to its well known adweamy@ as simple construction,
reliability, raggedness and low cost has found wede industrial appellations. Furthermore,
in contrast to the commutation Dc motor, it carubed in aggressive or volatile environments
since there are no problems with spark and comosidhese advantages, however, are
occupied by control problems when using inductionton in speed regulated industrial
drives.

The most popular high performance induction motmmtiol method as field oriented
control (FOC) or vector control. The motor equatiare (rewritten) transformed in a
coordinate system that rotates with rotor (staloR) vector. These new coordinate are called
field coordinate. In field coordinate-for the caarst rotor flux amplitude- there is a linear
relationship between control variables and speedreblVer, as in separately exited DC
motor, the reference for the flux amplitude carrdmbuced in field weakening region in order
to limit the stator voltage at high speed.

Transformation of the induction motor equation lie field has a good physical basis
because it corresponds to the decoupled torqueuptiod in separately DC motor. However,
from the theoretical point of view other type ofocdinate can be selected to achieve
decoupling and linearization of the induction motauation. The speed and rotor flux
amplitude are decoupled by feedback.

2 MATHEMATICAL MODEL OF THE MOTOR

Mathematical description of the induction motorb&sed on complex space vectors,



which are defined in a coordinate system rotatiit angular speedv, . In per unit and real-

time representation the following vectorial equatidescribe behavior of the squirrel-cage
motor.

US = rSiS +TN (d¢s/dt) + jWKwS (1)
O=ri, + Ty (dg, [dt) + j(Wx = Wi)¢s (2)
We =X + Xyl, 3)
‘ﬂr :Xrir +XMis (4)

dw,,
? = ﬂ( -m) (5)

The electromagnetic torqua can be expressed as
=M im[y,iq | (6)
XR

If a current controlled PWM inverter is used, that@r voltage (1) can be neglected
because it does not affect the control dynamidbefirive.

3 FIELD ORIENTED CONTROL (FOC)

3.1 ROTOR FLUX ORIENTED (RFOC)

In the case of FOC, it is very convenient to sethetangular speed of the coordinate
systemw, equal w,. Under this assumption the rotor current vectomfithe rotor voltage

(2) by (4) we obtain a differential equation foe tfotor flux vector:

d[//r /dt =_([//r /Tr) - j(Ws _Wm)(‘//r /TN) +(XM /Tr)is (7)

X , : . ,
Where: T, =—-Ty, — is the rotor time constant. For the rotor fielieated coordinate
rr

x—y (fig. 1) we have

‘/lrx :‘/Ir ’ wry = O (8)

And (7) can be rewritten as follows
d‘//r/dt:_(‘/lr/Tr)'l'(XM /Tr)isx 9)
Oz_(Ws _Wm)(l//r /TN)+(XM /TN)iw (10)

Equation (10) describes the influence of the statwrent componentg, on the rotor
flux. The motor torque, according to (6), can bpressed as following:

m= (XM /Xr)isyl/lr (11)
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Fig. 1. Vector diagramillustrating rotor and stator fluxes as wells stator EMF vectors

3.2 STATORFLUX ORIENTED CONTROL (SFOC)

Substituting the rotor current vector from the rotmltage (2) by (3) we obtain a
differential equation for the stator flux vector:

depgldt=—WeIT,) = jW, W/ Ty) + v .
........ +oxg(dig/dt) + (X /T, )ig + jW, (0% /Ty )i

Where: o =1-(x,, /XX, ) — is the total leakage factor:

For the stator field oriented coordinatey (fig. 1) we have

Ve =¢s Wy =0 (13)

And (12) can be rewritten as follows:

(14)

(Wr /TN)(ws _Oxsisx) ZOXs(diw/dt) +(Xs/Tr)iw (15)
The motor torque, according to (6) using (3), carekpressed as follows

m=igW (16)
Equation (14) shows that there exist a couplingvbeh the torque producing stator
current component,, and stator fluxy, (fig. 2b). Therefore, for current controlled PWM

inverters (SFOC) required decoupling network r@sglin more complicated structure as
(RFOC). Systems.



4 DIRECT TORQUE CONTROL (DTC)

4.1 BASIC PRINCIPLE

In FOC schemes, the control quantity is the torguerent component which, for
constant flux, adjusts the torque directly:

XM XM
me = wrlsy - l//rlssmd (17)
X; X
This makes the CSI or current controlled (CC)-PWierter very convenient for the

implementation of this control method. In the ca$seVSI PWM-fed drives, however, not
only the stator current but also the stator fluxyrha used as the torque control quantity:

b)

. S ~
o iy [ A
i f : ] A~ "f'fr '11 1+pT, | i '\j‘f ™
S X : > i |
| LT | I M | (%) .
| ‘ | |
. - =) 1 "
| . y 1
| { B\ P
L T ’.'!‘,FT_‘;- ‘(@”;. l
1 /9 e P 3
— T | ‘
? 0 ‘ o T . W
| | LrpoT —{ X, :—hﬂ-"k‘ x| |
’ + ij_‘ i L ]
i ¥ "
y | I ly | ! Fomy
~ b

Fig. 2 Torque production in current controlled FOC
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Note that the stator flux is a state variable whiah be adjusted by stator voltage.
From the stator voltage (1), for = , e may write

—u. =u., 19
el (19)

Where u, is the inverter output voltage vector (fig. 3) ciésed by the following
equation.

j(v-)m/3
2{(()2/3)%6 Forv=1.....6 (20)

=V

Which assumes six non-zero values (active vecta)tavo zero values (zero vectors or
zero states). It follows from (3) that

t
w. = [u,at. (21)
TN 0

For six-step operation, the inverter output voltagastitutes a cyclic and symmetric
sequence of active vectors, so that, in accordantte (21), the stator flux moves along a
hexagonal path. The introduction of zero vectopstthe flux, an effect known as a step
pulse, but it does not change its path. For simladoPWM, which constitute a suitable



sequence of active and zero vectors, the staternfiaves along a track resembling a circle.
The rotor flux rotates continuously with the actgghchronous speed along a near-circular
path, because its components are sinusoidal. Séairrotor flux vectors are related by

equation:

W, = );—Mt//r i (22)
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Fig. 3: Smplified diagram of the VS feeding an induction motor
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5 CONCLUSION

In constant to FOC where flux and torque is corgtbby acting on (field oriented)
current vector components, DTC regulates flux aodjue directly while currents are
controlled indirectly. Therefore, the propertieslat control can be summarized as follows:

1. There is no separate voltage PWM block,

2 There are no current regulation loops,

3. Coordinate transformation is not required,

4. There is no need for a voltage decoupling network,

5 Flux vector and torque or estimation is requiredinedirect FOC system.
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