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Abstract
The stabilization of period doubling bifurcations and route to chaos for field oriented control of permanent magnet synchronous
motor (PMSM) is investigated. It is shown that generically such bifurcations theory can be stabilized using field oriented
control, even if the linearized system is uncontrollable at criticality. In the course of the analysis, expressions are derived for
bifurcation stability coeﬃcients of general n- dimensional systems undergoing period doubling bifurcation and route to chaos.
A connection is determined between control of the amplitude of a period doubled orbit and the elimination of subharmonic
frequencies. For illustration, the results are verified by numerical simulation.
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1 Introduction
Nonlinear dynamical systems are, in general, prone to
exhibit an exordinarily rich spectrum of dynamical behaviour [1]. Recent studies have shown that the influence of diﬀerent kinds of additional perturbations and
external forcings [2] on these systems is considerable
and they can alter the dynamical behaviour dramatically. For example, the addition of a periodic forcing
to a single-degree-of-freedom nonlinear oscillator system can introduce various dynamical phenomena such
as chaos, phase-locking, mode-locking, period-doubling,
quasi-periodicity, intermittency, and crises. Also, the addition of constant bias, noise, parametric excitations,
etc., can suppress the chaotic behaviour by converting
the system dynamics to any desired periodic attractor
through period-doubling reversals or other complicated
bifurcations [1] [3]. on the other point, the investigation of bifurcations in electric motors is a field of active research due to its direct applications in many ar⋆ This paper was not presented at any IFAC meeting. Corresponding author Wahid Souhail. Tel. +21696812290. Fax
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eas, such as, industrial machinery, electrical locomotives
and electrical submersibles thruster drives,[7]. The appearing of bifurcations phenomena in machine drives allows us to study the real stability of system. Bifurcation
control has been designed for stationary, Hopf, perioddoubling bifurcations and chaotic motions, etc. Many
research works on chaos control and synchronization of
two chaotic systems have born great fruits. However,
there are fewer investigations on bifurcation control relative to chaos control [3]. For Hopf bifurcation control,
Abed and Fu designed a static state feedback controller
by for discrete maps. This phenomena of loss of stability
is associated with a hopf bifurcation where a periodic
oscillation emerges from a stable equilibrium point EP
and another small perturbation on the machine parameters provokes the onset of growing oscillation. Then, the
dynamics behavior of permanent magnet synchronous
motor is studied by means of modern nonlinear theories
such as bifurcation and chaos, [5], [6], [7].
The paper is organized as follows: the first section concern to explain the method which used to explain the
nonlinear dynamic of PMSM driver. In section2, a dynamic model of system will be detailed where a numerically conditions are analyzed for the appearing of the period doubling bifurcation. Finally, a subharmonic Oscillations and routes to chaos phenomena will be expressed
in order to analysis the non linear dynamic behavior of
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system.
2 Dynamic description of system
The stator voltage equations in the synchronous rotating
frame is shown as follows:
{
f1 (x) = Ld didtd = −Rs id + pLq iq Ω + vd
(1)
di
f2 (x) = Lq dtq = −Rs iq − pLd id Ω − pϕf Ω + vq
The torque balance equation of the given system is
dΩ
np .mϕf
np .m(Ld − Lq )
f3 (x) = J
=
iq +
id iq − f Ω − TL (2)
dt
2
2
The integrals regulators will be expressed by the following three expressions:

f4 (x) =

dIid
= ki (iidref − id )
dt

(3)

f5 (x) =

dIiq
= ki (kpw (ωref − ω) + Iw − iq )
dt

(4)

a)ωref = 50rad/s

b)ωref = 60rad/s

dIw
f6 (x) =
= kiw (ωref − ω)
(5)
dt
For a chaotic PMSM driver, it is interested in identifying
how to route to chaos with respect to the variation in
external system parameters. As a parameter is varied, a
bifurcation is an abrupt change in the periodic behavior
of the PMSM,see figure1
3 Conclusion
In this paper, period doubling bifurcation diagrams that
leads to chaos in the field oriented control of PMSM are
observed by varying the speed proportional parameter.
To ensure stable operation an adaptive controller based
on field oriented control principle is designed. Simulation
results show that the proposed controller is very eﬀective
and robust with respect to both the parameters variation
in system and external disturbance.
References

c)ωref = 70rad/s

[1] E.H.Abed, H.O.Wang, R.C.Chen, Stabilization of period doubling
bifurcations and implications for control of chaos, Physica D: Nonlinear
Phenomena Volume 70, Issues 12, Pages 154-164, 1994
[2] A. Venkatesan , S. Parthasarathy , M. Lakshmanan, Occurrence of
multiple period-doubling bifurcation route to chaos in periodically
pulsed chaotic dynamical systems, Chaos, Solitons and Fractals 18
(2003) 891898.

d)ωref = 80rad/s

[3] N. Akhmediev, J. M. Soto-Crespo, G. Town, Pulsating solitons, chaotic
solitons, period doubling, and pulse coexistence in mode-locked lasers:
Complex Ginzburg-Landau equation approach, Physical Review E,
VOL.63, 056602, 2001.
[4] Guo-Qing Huang, Xin Wu, Hopf bifurcation of permanent magnet
synchronous motor chaos system, International conference on
computational and information sciences, Chengdu, China,2011.
[5] Antonio Loria, Linear Robust Adaptive Output-feedback Control of
Chaotic PM Motors, published in European Control Conference,
Budapest: France, 2009.
[6] Zhong Li, Jin Bae Park, Young Hoon Joo, Bo Zhang, Guanrong Chen,
Bifurcations and chaos in permanent-Magnet Synchronous Motor,
IEEE transactions on circuits and systems-1: Fundamental Theory and
Application, Vol.49, No.3, March 2002.

e)ωref = 90rad/s

[7] Ahmed M. Harb, Ashref A. Zaher, Nonlinear control of permanent
magnet stepper motors, Communications in nonlinear Science and
Numerical Simulation 9 (2004) 443-458, Science Direct

2

f)ωref = 110rad/s
Fig. 1.

Increasing of subharmonic in tem-

poral domain and phase portrait of Periodic
behavior of system

