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Abstract - The present paper describes a stator flux oriented control strategy using state space
controllers. The optimal determination of different controllers’ parameters (suitable placement
of poles, continuous adaptation of coefficients to the operating point of the drive) leads to an
independent control of the stator flux and the torque in different operating conditions, and
consequently to good dynamic performances of the drive. The effectiveness of the proposed
system is verified by computer simulation. The control implementation on a Motorola DSP
56002 is in progress.
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INTRODUCTION

During the last few years, the control of induction
machines by the field oriented method has become the
subject of several publications [1,2]. Many papers
describe controllers of induction motor drives based on
the rotor flux orientation [3]. The main advantage of
this method is that decoupling between torque and flux
can easily be achieved. Nevertheless, exact knowledge
of the machine parameters (especially the rotor time
constant or the rotor resistance) is necessary to
guarantee the orientation of the rotor flux vector along
the direct axis, and methods to balance the variation of
these parameters have to be provided.

In this paper, a new control scheme based on the stator
flux oriented method, less sensitive to the variation of
the machine parameters, is presented. Contrary to the
rotor flux strategy, a decoupling between currents in the
two axes does not imply a decoupling between torque
and flux in the stator flux strategy. Therefore it is
necessary to add a flux controller to the control scheme.

Knowing the stator resistance, flux are deduced from
the acquisition of the stator currents and voltages [4].
The control system uses these flux and measurements of
currents and speed to regulate the speed and flux to the
desired levels. Speed and flux can be regulated
independently.

Simulation results using a close-to-reality model of the
frequency converter show a good dynamic behaviour of
the studied system drive in different operating
conditions.

SYSTEM

Figure 1 represents the studied system and can be
divided into three parts: The induction machine, the
frequency converter which ensures the amplification of
the signals calculated by the controller part.

All parameters and variables in this paper are expressed
in per unit (p.u.) except the time which is expressed in
seconds (s).
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figure 1: Induction machine control with stator flux orientation



INDUCTION MACHINE EQUATIONS

For the control strategy presented in this paper a flux
oriented reference frame with an angular speed of w, is

used (axes « ). The considered machine is a squirrel

cage induction machine modelled in the same reference
frame therefore one has:
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The system is expressed in a stator flux oriented
reference frame and the real axis of this frame («) is
aligned with the stator flux, at any moment the flux
becomes:

Hp=Weq =5 &)
The electromagnetic torque is given by:
tem = q’.\'aisﬁ (6)

Considering the imaginary part of equation (3) the stator
frequency, used for Park’s transformation, can be
determined.
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FREQUENCY CONVERTER

To take into consideration the time delay caused by the
voltage source inverter a first order differential equation
is used.
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T, - time constant of the inverter
u.: dc voltage link

For a close-to-reality simulation this way of modelling
the inverter would be too optimistic. The real voltages
applied to the machine are not sinusoidal. Therefore a
more realistic model of the inverter is used [5].
Considering the voltage set values the switching instants
of the six IGBT’s in the converter branches are
calculated using the vector modulation method. The
stator voltages are then calculated considering the
IGBT’s to be ideal switches.

It is important to point out that for the calculation of the
controllers’ parameters equation (8) is taken into
consideration whereas the strategy described above is
used to model the converter. Figure 1 shows that stator
voltages are used in the current control loop. Instead of
measuring the real voltages on the machine they can be
estimated using the set point values u,,, Uyp and

equation (8).
CONTROL SYSTEM

Flux linkage in the stator of the machine are determined
using stator resistance value and measurements of stator
currents and voltages. Then currents and flux are
transformed using Park’s transformation at the entrance
of the control system. Four state controllers are used to
control torque and flux of the machine. Speed, flux and
current controllers are mounted in cascade. Thus inner
quantities may easily be limited. All controllers are
equipped with limiters protecting the controlled system
from overload. During limitation, the integral
components are corrected (anti-reset-windup). Finally at
the exit of the control system the two set point values of
the stator voltages are retransformed using the inverse
Park transformation. All controllers are designed as
being continuous and then transformed into digital by
Padé¢ approximation [6].

A detailed description of the determination of the
controllers’ parameters for a rotor flux oriented
reference frame strategy was presented in [3]. In this
study the same method adapted to a stator flux oriented
reference frame strategy is presented [7] pointing out the
differences between the two strategies and presenting
the controllers’ parameters for the stator flux oriented
reference frame strategy.

Current controllers

As shown in figure 1 state space controllers are used to
control the currents in both axes. The parameters of
these two regulators are determined in order to ensure
good dynamic response and decoupling between the two
components of the stator current. Considering equations
(1 to 3) and the controllers’ equations an equation
relying the currents in the two axes can be established.
This one can be simplified considering the assumption
that the flux variation can be neglected. This yields:
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Decoupling can be achieved by imposing the imaginary
parts of the coefficients ¢ ..c;to be equal to zero.

Condition which defines the following parameters of the
current controllers:
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The continuous adaptation of these parameters to the
operating point of the drive ensures a decoupling
between the two components of the stator current (a
variation of i, has no influence on iy respectively

isp ON ig, ). Because in the realization of the control

the stator voltages are estimated rather then measured a
feedback loop of this variable is omitted. This yields:

hua =0 (13)

By imposing not only the imaginary part but also the
real part of ¢; to be equal to zero the following

expression can be determined.
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This corresponds to the elimination of the influence of
the flux on the current regulation in steady-state
conditions.

The characteristic equation of the system expresses a
relation between the parameters of the feedback loop
and the poles of the system. Therefore these parameters
can be defined by pole placement. The poles are placed
as shown in figure 2 to achieve an optimal relative
damping [6].
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figure 2: pole placement

One obtains:
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Flux controller

The need of a flux controller will be discussed later on.
For the determination of the flux controller parameters
the current control loop can be replaced by a first order
differential equation.

1
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where
Tpy =T i+Tpy (22)

with 7 : equivalent time constant of the current control
loop
and Ty : time constant to take into account the delay

due to filtering.

Using equations (1 to 3) a transfer function relying
stator flux and the real part of the stator current can be
determined [5]. By neglecting a term containing the
square of the slip the equation is given by:
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Considering figure 1 the set point value of i, can be
expressed as follows :

Isca = ko Wse — hyWy + kpyx py (24)

Pole placement yields:
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Speed controller

The same type of controller as for the flux control loop
is used to control the speed of the machine. The same
methods used to calculate the coefficients of the flux
controller have been applied.



COMPARISON BETWEEN
STATOR FLUX STRATEGIES

ROTOR  AND

The equation set describing the machine in a rotor flux
oriented reference frame would almost be the same as (1
to 3) except equation (3) which becomes:
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and instead of (7) one has
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which is used to calculate the synchronous speed of the
reference frame. Furthermore the expression of the
torque in the rotor reference frame becomes:
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Equation (29) shows that the rotor flux depends only on
the real part of stator current whereas the stator flux (3)
depends not only on that latest but also on the real part
of the stator voltage u, . In the rotor flux strategy a

decoupling between i, and ig (ig and i ) implies
a decoupling between flux and torque (equations (29),
31)).

In the stator flux strategy this is not true. Any variation
of iy, which is necessary to change the torque (6) will

change u,, and therefore the stator flux. Thus the need

of a flux controller to maintain the flux level constant.
This flux controller can be used to change the flux level,
for example, for a fast starting-up or while operating in
field weakening range.

Equation (29) depends on inner quantities of the
machine especially on the rotor time constant 7,
whereas equation (3) depends only on the stator
resistance. Because flux estimation (3) and reference
speed estimation (7) are less dependent on temperature
variation (they do not depend on the rotor resistance),
the stator flux reference frame strategy can be expected
to be less sensitive to machine parameter variations than
the rotor flux strategy.

SIMULATION RESULTS

The system described above is programmed on a 486
PC. Any change of the set values can be simulated.

Figures 3 to 5 show a starting-up of a machine with a
change of the load torque (t_ext) after the desired speed
has been reached. Figure 3 shows a little speed
overshoot due to the sudden change of the load torque
(which can be seen on figure 4) without any effect on
the flux level (figure 5).
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figure 3: speed and stator frequency
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figure 4: torque and load torque
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figure 5: stator flux

A change of speed set point value is represented in
figures 6 to 8. Figure 6 shows the speed and its set point
value. In order to reach a speed of 0.7 p.u. the flux level
has to be decreased (figure 7, field weakening). Finally
figure 8 shows the evolution of the torque, needed to
change the speed of the machine.
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figure 6: speed set point value and speed

psis_c psis
1Epu] fpul

0.8 ek é.e.y»"«u.‘-,a.!. LNTRTIN u‘u‘ir(‘ i
0.6 i
ﬁi&wwmwﬂﬂﬂﬂﬁk
0.4
0.2
o
1] 0.2 0.4 0.6 0.8 £

temps [s1

figure 7: flux set point value and corresponding flux
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figure 8: torque
HARDWARE REALIZATION

An implementation of the control algorithm on a
Motorola DSP 56002 is in progress. Data acquisition
cards provide the measured quantities like flux, currents
and voltages. These cards have been tested on other
applications [4]. Speed information is obtained from an
incremental shaft encoder which signal is transformed in
rpm on a separate card. Finally the vector modulation
method is realized in hardware in order to save
processing time on the DSP.

CONCLUSION

The control of an induction machine using a stator flux
strategy has been presented. The major differences in
comparison to a rotor flux strategy have been listed and
commented. Namely it has been shown that the stator
flux strategy depends less on the rotor resistance. The
need of a flux controller has been explained.

Simulation results show that good dynamic
performances of the drive as well as an independent
control of torque and flux can be obtained by using the
proposed strategy.

The implementation of the control system on a DSP
56002 is in progress. First results in open loop have
been obtained. The feasibility of the proposed control
system has to be confirmed by a complete realization.
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