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Decoupled Control of Doubly Fed Induction Machine Fed by
SVM Matrix Converter

Abdelhakim Dendouga®, Rachid Abdessemed** and Mohamed Lokmane Bendaas***

Abstract — In this paper a decoupled control of a doubly-fed induction machine (DFIM) feed by a
matrix converter is presented. [t provides a robust regulation of the stator side active and reactive
powers by the direct and quadratic components of the stator current vector, presented in a line-voltage-
oriented reference frame. In this case, the stator windings are directly connected to the line grid, while
the rotor windings are supplied by this later through a matrix converter controlled by a space vector
modulation technique. The proposed solution is suitable for both energy generation and electrical drive

applications with restricted speed variation range.
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1. Introduction

The doubly fed induction machine attractive alternative
to cage rotor induction and synchrenous machines in high
power applications where the speed range is limited [1,2].
The typical connection scheme of a DFIM consists to
connect the stator windings directly to the line grid, while
the rotor windings are supplied by the line grid through an
AC/AC converter (Fig.1).

Recently, significant research activity has been
concentrated on the development of new control
algorithms for a DFIM and new power converter
technologies. Matrix converter (MC) introduced in {3,4],
have been found as interesting alternative to standard
AC/DC/AC converters.

The MC, as three-to-three phases direct converter, has

number of attractive features such as: power converter
adjustment capability and it does not involve a DC voltage
link and the associated large capacitor,
This work was supported by the LEB-Research laboratory,
Depatment of Electrical Engineering.and it allows
bidirectional power flow. In the literature, two methods of
control are adapted for the control of the matrix converter,
such-that the Venturini and SVM methods, the main
advantage of the SVM method lies in lower switching
losses compared with the Venturini method [5, 6, 71,
(appendix A).

1 Corresponding author: Department of Electrical Engineering,

University of Batna, Algeria (hakimdendouga@yahoo.fr).

Department of Electrical Engineering, University of Batna, Algeria

(r.abdessemed@lycos.com).

***  Department of Electrical Engineering, University of Batna, Algeria
(mlbendaas@yahco.fr).

Manuscript received 14 June, 2008; accepted 14 October, 2008.

*%

Line Grid
I
—e ,’

Si) o SIZ=/ Szl

Sat A S0 | Su

S31 o] Szzcx Sss=/
MC
Fig. 1. Typical connection scheme of a DFIM

The fundamentals of DFIM vector control are presented
in [8, 9, 10]. Different strategies were proposed to solve
the DFIM decoupled control of active and reactive powers
problem. In [1], an alternative approach for the design of
DFIM active-reactive power control is proposed. The
controller development is based on implementation of a
line-voltage vector oriented reference frame. Since the
line-voltage vector can easily be measured with negligible
errors, this reference frame is DFIM parameter-
independent in contrast to the field-orientation one.

In this paper a new application of the SVM matrix
converter for active and reactive powers decoupled control
by the direct and quadratic components of the stator
current vector is developed. A line voltage-vector
reference frame is adopted. In addition, the estimation of
the stator voltages are required to determine the position
of considered reference frame. Rotor speed and stator
currents estimations are also used by the considerate
control algorithm.
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The proposed solution of DFIM shows very good
robustness with respect to variations of active and reactive
powers references. Consequently to the power factor
adjustable. This solution is suitable for all of the
applications where limited speed variations around the
synchronous speed are present. Since the power handled
by the rotor side (slip power) is proportional to slip, an
energy conversion is possible using a rotor-side power
converter, which handles only a small fraction of the
overall system power.

2. Dfim Model And Control Objectives

Assuming linear magnetic circuits, the dynamics of a
balanced non-saturated DFIM in a rotating (d-q) reference
frame attached to the stator voltage vector are given by:

dy
. sd
Vsd = Rslsg + 7 T OsV'sq
dyg
. q
Vsq = Rs’sq S O
d'//rd

Vg = Reiy +T—(a)s -0 g
(1)
dy,

; q
Vrg = Rr’rq +— + (o - a))rd

In which: iy, iSQ’ g, irq= Vsd>Wsd> Wrd> Wrq» Vsd> Vsgo
Vi, Viq are the components of the spaces vectors of the
stator and rotor currents, flux and voltages, and R,, R,,
L,, L, are resistances and inductances of the stator and
rotor windings, L, is magnetizing inductance; - the
rotor speed; Ty~ the external torque applied to the DFIM;
Tem- the electromagnetic torque produced by the machine;
J the total rotor inertia and g the speed of the (d-q)

reference frame with respect to the a-axis of the fixed
stator reference frame (u-f3).

X

qu xsaﬂ (2)

*rdg

where

_; o ind 0 -1
. j® - co.s sin = 3)
—sind cosd 1 0

where: x,, stands for two dimensional vectors in the
generic (y-z) reference frame; subscript ‘s’ stands for
stator variables while ‘r’ for rotor variables; (u-v)
indicates rotor reference frame and 0 is the rotor angle.
The main control objective considered is the regulation

of DFIM stator-side active and reactive powers, given by:

3
P, =—(v. i ; +Vesica)s
57, sd’sd " 7sq'sq @)

3 . .
Qs = E(Vsqlsd - vsdlsq)

In order to reduce the effect of the above inaccuracies
in the reference frame generation and in vector
transformation, a line (stator) voltage vector reference
frame (d-q) has been adopted (the d-axis is aligned with
the line voltage vector). This reference frame is
independent of machine parameters and position sensor
resolution; only information from two voltage sensors and
rotor position sensor are needed, instead of four current
sensors.

The synchronous stator voltage oriented reference (the
d-axis is aligned with the line voltage vector) frame is
defined by v«=U and v4=0.

The expression of active and reactive powers (4) can be
presented in the synchronous stator voltage oriented
reference as:

3 3
P, =—Uigg, Q¢ =——Ui (5
T sd- Ns 5 s

From (5), it follows that active-reactive power control
objective is equivalent to active-reactive stator currents

* *
control. Let us suppose P and QS are the references for

the power components at stator side for the DFIM. The
references for the components of the stator current, are
given by

s =~ igq Z__FS ()

The control problem of DFIM is formulated in terms of
stator direct and quadratic components current regulation
as to consider the DFIM model (1) under coordinate
transformation (2). Let assume that:

The stator voltage amplitude and frequency are
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constants (stator windings are directly connected to the
line-grid).

Stator currents and voltages as well as rotor position
and speed are available from estimations.

3. Design of A Decoupled Control Algorithm

The design procedure is performed in two steps: a flux
control is designed first, to achieve flux regulation, and
then the current control algorithm is developed [2].

Let define the flux regulation errors as:

* *
e'//rd =¥rd ~Yrd > el//r =Vrqg ~V¥rq Q)

* *
Where flux references, yqand Vrq> will be defined
later according to stator current control objectives.

The first order derivate of (7), gives

* *

éWd =V ~Yyd ’él/,rq =Vrq ~Vrq ®)

Using the mathematical model of DFIM (1), the system
of equations (8) can be rewritten as:

. 1 * *
ey/rd = 7 (ewrd +l//rd)+a)r(equ +(//rq)+
r
1 ¥ Lk 9
+T_Msr(eisd +zsd)+vrd Vg ()
¥
* *
equ ————(ey/rq +1//rq)—a)r(ewrd +y/rd)+
r
1 ¥ %
+T—Msr (eisq +zsq)+vrq ~Vrg

where o, = ®, —is the slip angular pulsation.

Constructing the flux control algorithm as

1 = * % K
Vrd ZT*‘Vrd —OrWrg —Liyisd +Wrd +uq
r r (10)
1 = * 1 Lk Uk
Vrq :—T_r Yrq+OrV¥rd _T_erlsq TVYrq tug

The flux error dynamics becomes

. 1 1
S :_T—e\llrd +(Dre\vrq +— m ISd +1ld
T

. 1
equ=—T—requ O’re\yrdJr Lmelsq Ug
T

yrd
(11)

where ug, uy will be defined later.

Applying the control algorithm (10) and from
mathematical model (1), the current error can be rewritten
as

a
=-fe,  +wge, +—e + awe —ouy -

eisd isd isq T wrd wrq
r

ok R * ok

1
iy Otl//rd iq t @i sq v U +aa)sl//rq (12)
2 Pe e+ 4 e awe au
= — - _— - —_
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where

2
L, L L R, oL
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Ry Ler oL, c Ty

From equations (12) it follows that flux references should
satisfy the following differential equations

L aw +LU—R—51 +a)z i*
rd* sV/rq = o sd stsq —lsd (13)

L 1 * Ry # * *
Virg = | 7%PsVrd —7_"tsq T @sltsd T lsq

Substituting (13) into (12) the resulting current-flux
error dynamics becomes

a
e, =-fe. +wse; +—e + awe —ou
Lsd ﬂelsd § lsq Ty Yrd ‘//rq d (14)
e, =—fe; —wge + 2 —awe —ou
lsq lsq i T ' Yrq Yrd 1

A particular solution of (13), where oscillating terms are
avoided, is given by

* U R Jk
i
‘//;;d -1 L][ }.’.{O-I__SJJ .id
Wrg | o |®g [0 D Isq
- k+1 k Sk
~R, Y [L]] d—k lid

From (15) it follows that for arbitrary trajectories of
current reference all of the time derivatives together with
their initial conditions should be known. The following
developments is based on the assumption that both current
reference signals have bounded first time-derivate with all
of the higher order ones equal to zero. Then the flux

(15)
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references are

PRSI SN ¥ S I
Vrd aws\ o sd ~%s'sq ows 1

(16)

* 1 Rs * * 1 .
Wyg=—| ——lisg —Ogicg ——1
9 awg\ © sq~“s’sd fo/o® sd
with iy =ig, =0.
In order to compensate, during steady-state conditions,
for constant perturbation generated by DFIM parameter
variations and error in rotor position measurement, the

following two-dimensional proportional-integral current
controller is designed

1

Lk i —yylva=ke -1%e
“d a[ sd Tsq yd] Yd klelsd Ysq
(17)

1 . Ry
ug=—\kpe, =& —yg|.yq=Ke +1—>¢
gl a[ pe’sq 'sd qu Yg =i sq o d
where k>0 and k>0 are the proportional and integral

gains of the current controllers and A = ki(;)s_l .

4. Space Vector Modulation Control of the Matrix
Converter

The space vector modulation (SVM) represents the
three-phase input currents and output line-to-line voltages
as space vectors. It is based on the concept of
approximating a rotating reference voltage vector with
those voltages physically realisable on a matrix converter.
For nine bidirectional switches, there are 27 possible
switching configurations available in which only 21 are
commonly utilized to generate the desired space vectors in
the SVM control method. These 21 configurations in
which may be divided into four groups [3, 6, 7]

The first three groups (1, £2, +£3, 24, £5, +6, £7, £8,
+9) have two common features; namely, each of them
consists of six vectors holding constant angular positions
and each of them formulates a six-sextant hexagon as
shown in Fig. 2,

The second group comprising three zero vectors is also
used in this method. The modulation process consists of
two procedures; vector selection and vector on-time
duration calculation.

At a given time instant T, the SVM method selects four
stationary vectors to approximate a desired reference
voltage with the constraint of input power factor. To
achieve this, the amplitude- and phase angle of the

reference rotor voltage vector are calculated and the
desired phase angle of the input current vector is
determined in advance.

The general formulae to calculate the on-time durations,
have been given as [6]

» +1,42,43

Fig. 2. Output voltage and input current space vectors
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34 =%qsin kvg—ao St g+(0ti —(k; —1)1*31] @1)
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Where q=Vo/V; is the voltage transfer ratio, a, and o
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Fig. 3. Control strategy for matrix converter fed a DFIM

are the phase angles of the output voltage and input
current vectors, respectively, and k,, k; are the output
voltage sector and input current vector sector.

5. Diagram of The Control Process

In this section, the decoupled control of active and
reactive power control by the direct and quadratic
components of stator currents of the DFIM fed through a
matrix converter is synthesized by the synoptic diagram as
shown in figure 3.

To guarantee stable operation and to enable independent
control active and reactive powers of the DFIM, a model
based PI controllers is developed using the mathematical
model equations (1).

* *
The desired Pg and Qg can determine the reference

stator currents, which allows the calculation of the rotor
voltage reference components in which they are used with
a estimate rotor currents for calculates switching duration
of space vectors, and outputs them as PWM signals to
matrix converter. The latter is modelled using ideal
switches.

To guarantee a drive of the DFIM around its speed of
synchronism, a Pl controller is used.

6. Simulation Results

In order to verify the robustness of the proposed control
strategy of the generation system, the numerical
simulations have been carried out using MATLAB. The
simulation tests have been performed using a small (5
kW) doubly fed induction machine, whose rated data are
reported in Appendix B.

The direct and quadratic components of the stator current
and its reference are reported in figures 4 and 5. These figures
show good pursuit, except that the presence of the oscillations
during the transient mode caused by time of start up of primary
mover. A very good decoupling is obtained between the direct
and quadratic components of the stator current. Consequently
between the active and reactive powers (Figure.6), this leads to
a good control of the power flow between the grid and the
machine at all time.

In figure 6, the DFIM delivers the active and reactive
powers with power factor equal to 0.6 and 0.8 towards the
grid during the period (1.9-3.75 s). At the period (3.75-4.8
s) the DFIM functions with a unit power factor. During the
period (4.8-7), the DFIM absorbs the reactive power.

Figure 7 shows the active and reactive power delivered
at the rotor through the matrix converter with different
power factor.



496

isd [A]

isq [A]

iad* [A]

isq [A]

Decoupled Control of Doubly Fed Induction Machine Fed by SVM Matrix Converter
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Fig. 8. Speed and Torque of DFIM

The speed and torque of the DFIM are reported in
figure 8. According to the latter, that motoring speed stays
constant because the regulation speed of the primary
mover in order to guaranteed the tracking of the DFIM in
its synchronous speed. In addition, the torque depends
directly on the direct component of the stator current,
consequently to the active power.

The phase rotor voltage and current are obtained at the
output side of SVM matrix converter, are represented by
figure 9. The use of SVM matrix converter makes it
possible to improve the sinusoidal waveform of the stator
current, as illustrated by the figure 10. Consequently a
clear energy injected to the grid is obtained.
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7. Conclusion

The control of active and reactive powers flow between
the DFIM and grid by the stator current provides global
asymptotic regulation in presence of the stator current
reference variation. The simulation tests confirm the high
dynamic performance and the decoupled active and
reactive powers control by adjusting stator currents and
power factor are obtained by proposed controller. The
proposed solution is suitable for energy generation
applications in particularly for wind energy generation
system and variable speed drives, where restricted
variations of the speed around the synchronous velocity
are present. The use of the SVM technique for matrix
converter control, allows it possible to obtain perfectly
sinusoidal currents on the level of the stator, therefore the
energy provided by the machine to the grid is a clean
energy without harmonics.

APPENDIX A
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Fig. 11. Switching losses as a function of switching
frequency

The simulated converter losses for the two control
methods are plotted as function of switching frequency in
fig.11, [3].

Appendix B

The nominal parameters of the DFIM adopted are:
P,=5 W, 380 (Y), 50 Hz, 100 rad/s, 50 N.m, R¢=0.95 Q,
R=1.8 2, L;=0.094 H, L =0.088 H, L,=0.082 H.
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