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Discrete Vector Control for Induction Motor
Drives with the Rotor Time Constant Update

A.Larabi, M.S. Boucherit

Abstract—In this paper, we investigated vector control of an
induction machine taking into account discretization problems of the
command. In the purpose to show how to include in a discrete model
of this current control and with rotor time constant update. The
results of simulation obtained are very satisfaisant. That was possible
thanks to the good choice of the values of the parameters of the
regulators used which shows, the founded good of the method used,
for the choice of the parameters of the discrete regulators. The
simulation results are presented at the end of this paper.
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|. INTRODUCTION

N our case ,one is interested in the asynchronous cage

machine. On the level of the converter, one chose a

converter of the inverter type of tension to modulation
PWM, because this type of inverter is well appropriate for the
machines of small power and has a great simplicity in terms of
modeling. Indeed, the frequency of modulation can be
sufficiently high compared to the frequency of the tensions
which are applied to the machines. In this case, one can admit
that the converter behaves like an ideal amplifier. The
influence of its modulation on the behavior of the command
can be neglected . Our aim in this work is the vectoria control
command. There are numerous methods of control for the
machines with AC current, which are different mainly by the
ways in which one carries out the order of the currents. Among
these methods, we chose the one which uses the vectorial
control elaborated on the Park model of the machine.The
advantage of this method is that it makes it possible to
distinguish within the currents of the machine, a couple’s
producing component and a  flux’s  producing
component.Using appropriate  decouplings , the
electromechanical behavior of the machines with AC current
can be made similar, with regard to the ordering of position
and speed, with that of a machine with D.C current. In case
where one must use processor whose computing power
is limited or in the case where frequency PWM must be weak,
the discretization problems on the level of the regulation of the
currents must be considered. In addition,the ordering of the
machines with AC current requires decouplings of currents
which are composed of non-linear terms.
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The imperfection of these decouplings due to the
discretization brings also a considerable influence on the
performances of the vectorial control command,which are
affected . The block diagram of the figure (4) is very simple
and similar to the one of a D.C. current machine, owing to the
fact that we considered a constant flux [3],[4]. As for as
regulators are concerned, they are used in their discrete form
.The calculation of the regulator’s parameters has been carried
at using software based on the roots places taking into account
the effects of discretization [2]. The choice of the parameters
of the regulator allows us a good stability as well as a good
regulation of the currents. However, studies of literature, the
Pl controllers are highly dependent on machine parameters,
especialy the rotor time constant (Tr). A variation of this
parameter will result in performance degradation of
adjustment, especially when the machine is loaded [5,6,7,8,9].
Considering this major inconvenience, a solution is obtained it
using the command with a constant flux because of its
simplicity of implementation (figure.4) with the rotor time
constant update.

I1. MODELLING OF THE INDUCTION MACHINE
To study the vectorial ordering of the asynchronous
machine, generally we apply the stator variables as well asthe
rotor variables of the transformation of Park using :
- For the stator sizesan angled , isarbitrary.

-For the rotor sizes, an angle 6 — p6,, where 6,,, is therotor

position and p represents the number of poles pairs of the
machine.

Whileposing: w=60'et oy =6 —pb'm
We get the following equations :
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The stator currents and tensions of the machine’s Park
model are connected to the currents and stator tensions of the
three-phase system by the following transformation:

\L co® —sirg
\ =F cog0-2y  —sinp-2 m @
MEBE 3 3 \

co(s@%s —sin( G%T)

I1l. STRATEGY OF CONTROL

The use of Park referentiel is used to simplify the complex
model of the asynchronous machine. An approach often used ,
isto put the axis "d" of the Park referentiel as the axis of rotor

flux, forcing the variable @ to have a value such as ¥ equa

zero. Thus,we can put in evidence, that in accordance with the
system of equations of the induction machine, the rotor flux
reduced to its single component "d" could be controled by the

current i, and the couples by the current iqs. If we
compensate the coupling terms between the axes "d" and"q":

- the tension V, allows to command the current i, thus
the flux.

- the tension V; alows to order the current iqs, thus
the couple.
After arrangement, the machine equations  become:
Y =¥r » Wq =0
dis,; Nt g dy
O:g ds qs
dt R M dt
s . Mot 'E&C)
ST, Has S+cg.( )
t M 3)
dy
— Y=
Pt Mo
i
Mie . PM
Tw L

In these equations:;

- las and igs,vas and Vs are respectively the d and ¢ axes
stator currents and voltages,

- Wr istherotor flux,

- wsisthe reference frame angular electrical speed:

ws=0s )

-ws is the difference between the angular speed of the
reference frame and the electrical speed @ of the rotor (the
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electrical speed of the rotor is equal to p times its mechanical
speed @wm , p being the pole pairs number).

-Tsand Tr are respectively the stator and rotor d and q
windings time constants,

- 0 istheleakage coefficient of the machine,

- M is the mutua inductance between rotor and stator dq
windings,

- Lr isthe rotor dg windingsinductance,

- Rs and R are respectively the stator and rotor dg windings
resistances,

-Te isthe electromagnetic torque.

By introducing the equation (1.c) in (1.8) we obtain the
following equations:

OIJ &9

SRS VAl P
dsojj@sz\gs#cgdsids W

dy _Mi.
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LS

&

PM.
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In the previous equations the components of the two axes d-
g are coupled, their decoupling is possible by the introduction
of two new variables: Vds, Vqs

Vds

ds

V=0

qs ;
Ls _'[+ Rs Iqs
Thus
Vst =Vas +V s

Vqu :Vqs +V Iqs

©)

With Vg et Ve are the outputs of the currents regulators

V s €t V s Termsof decoupling

Thus we distinguish two types of commands one is called
complete command, the other simplified: (terms of complete
decoupling, terms of simplified decoupling)

: 1-0o)
Vs :_O-Lsa)slqs + = T (igs )
' (6)
. 1-o
Vqs':_a)s[O-leds_Ls( M )l//r]
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Following the studies already done, we noted that, the order
using a loop of flux does not make it possible to increase the
dynamics performances of the command,; it requires the use of
the flux regulator adds an additional time-constant, thus
generates a reduction in the dynamic performances of the
command. To carry out raised performances, structure of the
ideal and simple command is the order with constant flux
command in open loop and the terms of decoupling calculated
with the values of reference. In the case one considers flux:
v,=V.. =¥, We obtan the equations of following

simplified (command) thus:

Vi =Vre Vds':_GLsiqstef D

4 L ™
i gL Vo =0s—2y
dsref M qs SM ref

The block diagram of figure (4) is very simple,
similar to the case of a machine with D.C. current, owing to

the fact that we considered /, constant. The regulators have
been used in their discrete form as well as the calculation
of @ . Asregard the calculation of Ki and Kp of the regulators,

we used a software based on the roots places which takes
account the discretization effects. The choice of the regulators
parameters alows us a good stability as well as a good
regulation of the currents. We will study as regard the
influence of the reverse transformation of Park on the
performances of the considered order.

IV DISCRETIZATION OF THE COMMAND
I reference Vv
; Kp1+TiS NG
T.s
I mesuré

Fig.1 Regulator of current

K
V = Kp(lréf - |mes)+_|_7pj‘(|ref —Im)dt
T
On the axis «D»

K
Vas = Kpllager - |dm)+T_—:'Slln1d(k+1)
I

\Y/

K
o = Kpllase —|dm)+Tfp-&Jﬂh(k+1)+Vds‘

id (8)
sumy (k +1) = sumy (k) + (I A& — Idm)At
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Onthe' axis «Q»
K

Ves = Kpllgga — I games )+ %sumq(k +1)
Kp
Vosr = Kpllgger —Iqm)+?wnh(k+1)+vqs- o

i
sumy (k +1) = sumy (k) + (I aréf — Iqm)At

A. Principle of the method of study of the problems of
discretization

The method that we go used is based on the use of the
places of roots and is limited to the linear case. The control
device of the asynchronous machine comprises two parts. the
part continues which is described by the equations of state of
the machine and the digital part which is represented by the
order. A blocker of order zero is put between these two parts
so that the orders applied to the machine are maintained
constant for one period of sampling.
B. Modelling with taking into account of the influence of
modulation PWM

Because of the complexity of the model of the
asynchronous machine, we consider only his electric part. By
combining the equations of the machine, one obtains the
vector equation of state of this part in matrices form:

o

X = A X+ BcU (10)
xz[ids iqs Yid Yrq ]T ; U:[Usd Usq ]T
P
Lr " MR MBm
olg oLSL? oldy
R
A= e L MBm MR
ols oldy old?
MR R
0 L —
L L as—Ram
MR R
0 _ T —(oa— _r
I L (eas—Rm L |
-
::'_S (0] OO0
O
B= 1
0] — 0 O
ols

To obtain the discrete model of the total system, one must
discretize the model of the continuous part (model of the
machine) and to then combine it with the part command.
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The discretization of eguation (10) is obtained by
establishing a relation between the variables at two moments
of sequential sampling.

The variables at the moment’s k and k+1 are connected by
the following equation:

h
X (k+1) = e "X (k) + jeAc‘ B. U (k) dt
0

While posing:
h
p=eM" o T= eA‘tBCdt
0
X(k+1) =X (k) +TU(K) (1)
X(k+1)
X(K) //_‘
h
k . o k+1
' T '
U(k) U(k+1)
Fig.2

For the part orders, one considers the case where regulators
Pl are used. The numerical control is represented by the
following discrete equation:

{u (k+1) 12

Sk +1) }z FL X(k) + F, S(k) + GR(K)

g

The matrix F1 represents the action of regulation and of
decoupling, the matrix F2 represents the integral action of the
regulators for the U(k) command. G is the matrix of entry
which represents the connection between the order and the
variables of references R(k). S(k) represents the variables of
integrators of the regulators. If the regulators are of the type
P, we have

sumd
Sumq

Avec

F2=0.
Kophea@i-o  —soba () 0
F = sola *Kﬁréh chs(liMG) 0
—h (0] (0] 0
e —h 0o o |
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— 0
Ty
K
F,=|0 4
Tq
1 0
L 0 l -
_ K L -
K, +T—:h+52(_|_—r)(1—0') £,0 Lo,
G=|¢&0Lo, K,+=h
q
h 0
- 0 h =
g=1 . _
Decoupling with measured currents
g,=0
&= 0 . )
1 Decoupling with currents of reference
&,=

To represent a general case, one rewrites the equation (12)
whileintroducing X " which can be different from the vector

of variable of state X
{u (k+1) )

Sk +1) }: F X (K)+ F5 S(K) + GR(K)

As the model to be established must be according to the
variables of state X(K), it is necessary to replace X" by X. En
refer to figure (2), one obtains the relation enters and

X (k+1) = e*""X(

-7

h
K) + jeAc‘ B, dt U (k)

0
When taking into account the PWM:

. coswt sinwt
B, = B,
— coswt coswt
(Dz_ = eA\: (h_T)
r :h}TeA(h—r—t) coswt snot .
3 0 —snwt  coswt

Combination of equations (11) (13) gives the following
discrete model:
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From the equations of Park of the machine we draw the

X(k+1) X (k) components direct and in squaring from rotor flux and the real
U+ |= r U(K) [+GR(k) (14) torque of the machine with permanent rate:
1@, Rl R i + O T
S(k+1) S(k) _m et Ol
(odr 2
1+ (wgT,)
The discrete matrix of state is thus:
_ D r 0 -M iqs - a)srTrids
Ad - qu)r Flrr F2 Pa ™ 1+ (a)srTr)z
i
'f VR A
ol | C,=P———i,d = (18)
06l | e K L* ds'gs .
ol r T 1+ (K L)Z

ds
0.2}

ot 20000800 X X X XX

-0.2}

-0.4} ] 9, = KMy —Idls
0.6} 1 1+(K .E)z
08} E IdS
1k 4
e ! 08 0 0 ! o The rapports of the real couple and flux on the estimated
Fig.3 Places of roots according to Kd and Kq. values are:
Without taking account of the PWM
The best results are obtained as kd and kq corresponds to
places of roots are on the positive part of the real axis. The
response time decreases when the roots approach the origin.
V ESTIMATE OF ROTOR RESISTANCE
To estimate resistance of the rotor we used a method which
makes it possible to calculate the latter in function to flux
(redl, reference) and of the electromagnetic torque (real,
reference) [5,6].To clarify the relation which binds the
electromagnetic torque and rotor flux to the variations of the )
parameters of the machine we let us proceed as follows: - oN [(p ! J
* r— *
L =KL (15) Ce Dr
R =K, R: . . . .
. ) Therefore the rotor estimate of resistance is given by
L, , R, Values used in the command. following relation:
The actual value of the rotor time-constant: R=KR (20)

K VI. DIGITAL SIMULATION
T = _ITr* = KT/ (16) We studied the case of a control device speed imposing
r constant fluxl// . Flux v, is ordered in open loop to impose
The block of decoupling imposes on the command of the
inverter thesizesV ds V gs and og . In permanent mode we
have; orientation of rotor flux is calculated by using the reference

varlablesl/,d”ef eti g, - The two currents i et ae ordered

qr
the current i, ona suitable value. The dlip as well as the
S

)

c - PM” P PM i each one by a regulator proportional integral (Pl). The
e L Prles L ds'as parameters of these regulators are calculated by using software
1 based on the roots places. The decoupling of the currents is
== (17) calculated from the currents of references. We use the
T g command with constant flux considering its simplicity of

o =Mig implementation (figure.4) with the rotor time constant update.
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Fig.4 Diagram block of

A. Smulation results

The digital simulations that we carried out, relate to the
strategy of command described by the diagram block of figure
(4) inthetwo following cases:

a) Figures (5, 6) Response of the system to a level of speed of
reference from 0 to 100 (rd) to t = O sec, and the application of
aload equa to the nominal couple to t = 1sec which is
regarded as an external disturbance.

b) Figures.7, 8, 9, shows the dynamic responses of the
adjustment by orientation of the rotor-flux algorithm of the
induction machine supplied by PWM inverter. The stator-
currents are controlled by Pl regulators. These figures
represent the dynamic responses real and reference speed, the
torque and rotor flux at a step speed of 100 rd/s followed by
an application of a load equal to the nominal torque between
1 sec, then reduced speed to 50 rd/s from 2 sec. Fig.8, the
variation of rotor time constant leads to a misalignment of the
rotor flux, especially when the machine is loaded and when
the reverse, which introduces a coupling between the flux and
torque. This coupling can lead to instabilities of the control
system.Fig.9), we note that decoupling "Torque-flux" is
maintained and show the dynamic responses of rotor flux in
particular when applying aload torque and the sudden reversal
of speed in the presence of variation of rotor time constant.
Thus, the flow direction remains unchanged and for the
performance speed. This is achieved through the adaptation of
rotor time constant. This shows that the control method
provides a vector control robust to perturbations in the
presence of variationsin rotor time constant.

the strategy of command considered

e fw'\"'mW\'ﬁl"jm ,
- W

l

“{{  Speed
¢ ,'1|]|' .fwlmm w Jw g
\’Wﬂ |]||I||[{Fn1"” Im’fll {”l .

=

iR e

i

Fig.5 Results of the simulation of the completely discrete command:
case where kd and kq correspond to the places of the roots being
apart from the circle unit

: ] Torque
o

Flux
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\WAVAVAVAY

Fig.6 Results of the simulation of the completely discrete command:
case where kd, and kq corresponds to places of roots being at the
interior of the circle unit.
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T N achieved. This demonstrates the robustness of the control
Speed S algorithm used.
R
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Fig.9 With adaptation of rotor time constant

VII. CONCLUSION
The results of simulation obtained are very satisfaisant. That
was possible thanks to the good choice of the values of the
parameters of the regulators used which shows, the founded
good of the method used, for the choice of the parameters of
the discrete regulators and adaptation of rotor time-constant.
We aso note that the decoupling between torque and flux is
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