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Abstract- The purpose of this paper is to introduce the
synergic control theory for a design of a diagram of adequate
and powerful control. Therefore and initially, the basic concepts
of this technique are presented and followed by the stages of
design to develop a single synergic controller speed and rotor
flux in the diagram of field oriented control for induction motor
squirrel cage that is deemed by its strength, high torque mass,
and its relatively low cost ... etc, meanwhile, it benefited from
the support of industry since its invention. Despite these
advantages, these actuators are complex dynamic systems that
exhibit a strong non-linearity, which makes them difficult to be
controlled. So, the synergetic control is a solution for this
problem because it is robust control despite the uncertainty on
the model and external disturbances. A simulation results
revealed some very interesting features.
Key-Words— Induction motor, field-oriented control,

synergetic control theory.

I. INTRODUCTION

or many years, the DC machine has taken a special place

and distinguished in various industrial applications. This
thanks to its simplicity of control due to the natural
decoupling between torque and flux, and also its unmatched
dynamic performance that let such a machine used in
different speeds in various processes. However, the sparks
are due to brush-collector contact and the volume of the
latter make use of this type of machine useless [1-2].

On the other hand, the asynchronous squirrel-cage which
is famous for its strength, high torque mass, and its relatively
low cost etc ..., Meanwhile, has enjoyed the favor of the
industry since its Nicola Tesla invention by
the end of last century [3].

However, the dynamics of this type of machine is found to
be non-linear, multi-variable and strongly coupled resulting
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in rather poor performance in operation with the control

V / F = constant. This is unlike the case of the DC machine
which is considered as an optimum in point of view simplicity
of control compare to the other machines in

general that we try to find. This is due to the simplifications
offered by the system brushes-collector [2-3].

On the other hand, thanks to the evolution witnessed in the
field of power electronics components and the different
control techniques applied to the induction machines with
squirrel-cage, most of the recent industrial applications and
control motor drivers are based on induction motor and make
such processes as performed as the DC machine. In this
sense, the first technique that was used is called "vector
control". This technique allows obtaining a decoupled
dynamic model similar to the model of the machine to
separate DC excitation.[4-5-6].

In practice, the use of conventional correction schemes
for vector control of induction motor cage where the model
is nonlinear and variable parameters seems not so non-robust
and efficient [5-7]. Indeed, it is known that such control is
very sensitive to any changes in the motor rotor resistance,
which is why research has for decades referred to other types
of controllers more robust among others: those to changing
patterns that were used in this paper.

This work is structured in three stages:
The first step, will be devoted to the design of indirect field
oriented control scheme based on a classical IP controller.
So, in this context and to do this, the basic principles of this
type of technical orientation of rotor flux will be presented.

In the second step, the basic concepts of synergetic
theory will be used for the detailed design of synergetic
control.

In the third step, the application of synergetic speed
controller for induction motor.
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Finally, numerical simulations and comparisons of results
will be presented with the aim of validating the proposed
approach.

II. CONTROL OF AN INDUCTION MOTOR
A. Model of the induction motor

The equations of the voltage PWM source inverter fed
induction motor with current control, in the synchronous
reference frame (d—q), using rotor fluxes as state variables
are given by [8]:
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For a rotor-flux orientation, the regulator imposes the
orientation of the rotor flux (®,) with respect to the d-axis,
giving @,= @y and @y =0. Substituting these relations
in (2), leads to the field-oriented model of the motor which is
given by the following equation system:
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The field-oriented controller is based on the inversion of the
above equation system. The command variables (id:, iq:,
Vis » Vq: ) are generated here respectively by regulators as it
is shown in figure.1.

The rotor flux is estimated by means of stator current
and speed measurements (direct method) as follows:
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Fig. 1: Vector control scheme of an induction motor.
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III. SYNERGETIC CONTROL

Synergetic Control Theory [8][9]exploits the capability of
open systems to self-organize. The theory invokes a holistic
philosophy of controlled dynamic interactions between
energy, matter, and information which is implemented
through a combination of both positive and negative
feedback. The philosophy of synergetic control design is
based on the principle of dynamic expansion and contraction
of the state space of the controlled system.

The expansion of the state space enriches the system
dynamics by providing additional information that is the key
to improving the performance of the closed-loop system. In
contrast to expansion, the contraction of the state space that
is performed by the control action eliminates the unwanted
dynamics of the system or reduces excessive degrees of
freedom. At the control design stage, these unwanted
dynamics are removed by introducing dynamic constraints
that are represented as invariant manifolds in the state space
of the system.

The synergetic control design procedure follows the
ADAR method (Analytical Design of Aggregated
Regulators) [8]. The main steps of the procedure can be
summarized as follows. Suppose the system to be controlled
is described by a set of nonlinear differential equations of the
form

X =f(t,x,u) (5
Where X is the state vector, u is the control input vector
and t is time. Start by defining a macro-variable as a function
of the state variables:
Y= Y(x) (6)
The control will force the system to operate on the
manifold W =0. The designer can select the characteristics
of this macro-variable according to the control specifications
(e.g. limitation in the control output, and so on). In the trivial
case the macro variable can be a simple linear combination of
the state variables.
The same process can be repeated, defining as many
macro-variables as control channels. The desired dynamic
evolution of the macro-variables is

TW+o(¥)=0,T>0 (7
Where T is a design parameter specifying the convergence

speeds to the manifold specified by the macro variable.
The chain rule of differentiation gives

o4 ®)
dx
Combining (8), (10), (11) we obtain
Td—\Pf(t,x,u)+‘P=0 ©)
dx

Equation (9) is finally used to synthesize the control law u.
Summarizing, each manifold introduces a new constraint on
the state space domain and reduces the order of the system,
working in the direction of global stability.
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The procedure summarized here can be easily implemented
as a computer program for automatic synthesis of the control
law or can be performed by hand for simple systems, such as
the speed control for induction motor used for this study.

IV.APPLICATION OF SYNERGETIC SPEED CONTROL
FOR INDUCTION MOTOR

Synergetic control theory for applications in power
electronics is described in [8] [10] here the same concepts are
used to synthesize a controller for controlling an induction
motor, the model is represented by the system of equations
(1.

To find the desired control law, the first step in the design
of the synergistic control is the choice of appropriate macro-
variables; in general the macro-variable can be a function of
state variables.

Our objective is to obtain a control law of a state function
coordinate (Q, @) which provides reference values that is
required to the motor speed reference Q. and a reference
flux @, Therefore a torque control must be satisfied.

We use the method described above to solve the problem,
i.e To find a control law u (Q, ®). The first step is the
selection of macro- variables. In general the macro-variable
can be any function (non-linear functions including) of state
variables.

We have three components o,, Vg4 and Vg, which allows
us to impose the following invariants: technological
(o= Cst) and electromagnetic (®g, =Cst, Dg= 0)[11].

Expressions of laws controls:

We have in the model of the command with the fieled
oriented control (2) two main components of command
(Vas Vgs) and consequently, we introduce only two manifolds
(v et y,) defined as follows [8]:

L
o, =0, +—

qs , goqr =0 (10)
r rref
leids_@(wr’q)dr) (11)
And
\II Zziqx_¢)2(a)r’®dr) (12)
Y1 and W2 must satisfy the following equations:
7; \i,] + \Pl =0
. (13)
TL,Y+¥,=0
T,>0 ,T,>0.
The derivation of W1 gives:
Y =is—g, (14)

By introducing equation (14) in the first functional equation
(13) we get:
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T(iw—@)+¥, =0 (15)

In addition, replacing is by its expression in the initial
system (3), we obtain:
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Internal controls, ¢, (@,, P, ). ¢,(@,,P,)and consequently

their derivatives @,, @,, will be specified by a second
group of macro-variables given by:
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For this decomposed system (22), we introduce other
macro- variables W3, W4 to impose the desired references and
which will be calculated later.

Basic synergistic law:

Introducing macro-variables of the [12] [8][9][13] [14] :
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Fig. 2: Synergetic control scheme of an induction motor.
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By substituting, » ®. by their

, expressions in the
decomposed system (21) we get:
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By resolving this system we obtain the internal controls ¢,

and ¢, according to the different state variables and

references.

There after by replacing them in the expressions of Vg Vi,
it will be thus determined according to the variables of state
and reference (speed and rotor flux). The diagram of such
control is given in figure 2.

V. VALIDATION OF THE SYNERGETIQUE
CONTROLLER

In order to verify the effectiveness of the synergetic
controller compared to the PI one, a simulation of the
dynamic of the process is done by considering the following
tests:

The first test concerns a no-load starting of the motor
with a reference speed Q. = 100 rad/sec. Then a torque
load (T = 10 Nm) is applied at t = 1 sec, with K;=K,=K,=1,
K3=0, T,;=T,=T,=T;=10" , The results are shown in “fig.3
and 4”.

The second concerns a no-load starting of the motor then
a torque load (Ty=10Nm) is applied at t = Isec with
variation speed between (100, 160, 50, 0,-50 rad/s).The
results are shown in “fig.5 and 6”.

Note that the parameters of the induction motor used are
given in Appendix.

Fig. 3: Dynamics simulation of induction machine with a perturbation of a
load torque of 10 Nm with PI controller.
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Fig. 4: Dynamics simulation of induction machine with a perturbation
of a load torque of 10 Nm with synergetic controller
\
\

) f_f"'f'—'_

/

P

Fig. 5: Dynamics simulation of induction machine with a perturbation of a
load torque of 10 Nm variation speed between (100, 160, 50, 0,-50 rad/s)
with synergetic controller.

From the results of simulation of the figure (3, 4), it is
clear that the field oriented control is established by setting
the flux responses @, =0, @4 =1 wb, despite the load
variations, and speed follows its value of reference with the
presence of external disturbance impacts, this last is rejected
during the synergetic controller application, which proves the
robustness of this last with presence of external disturbances
even with variation or change of the direction of speed
rotation.

Synergetic controller PI controller

Fig .6: Comparison between the two speed controllers with application of
variations parametric and external disturbance.
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From the obtained waveforms in figure 6, it is clearly
shown that the robustness of our system toward parameter’s
variations and external perturbation is ensured in all the
synergetic control processes which confirms the ability of
these kind control techniques to ensure the tracking and the
robustness as it is cited by numerous other works..

VI. CONCLUSION

The proposed approach has revealed very interesting
features. In fact, the combination of the nonlinear control
with the field oriented control maintains an effective
decoupling between speed and flux for the whole range of
speed which allows to obtain high dynamic performances for
constant flux operation similar to that of DC motors. Further,
these high performances are maintained above the nominal
speed for the constant power operation, which is not the case
in the conventional field oriented control. The addition of the
synergetic controller has improved the robustness towards
modeling uncertainties and external disturbances.

VII. APPENDIX: MACHINE PARAMETERS

Squirrel-cage induction motor of 1.5 Kw, 220 V,P= 2 poles,
1420 tr/min, 50 Hz.

Ry=485Q ; R, =3.805Q; L=0.274 H; L, =0.274 H;
M=0.258 H;J=0.031 Kg.m* f=0.00114 Nms
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