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Abstract—This paper investigates the position regulation problem
of permanent magnet synchronous motor (PMSM) servo system
based on adaptive fuzzy sliding mode control (AFSMC) method.
Adaptive fuzzy sliding mode control is designed by using sliding
surface as input of fuzzy controller, and adaptive fuzzy controller
to approximate the equivalent control law, thus overcome the
impact of model inaccuracy and external disturbances. Then,
sliding model controller is designed to compensate the error
between the equivalent control law and the fuzzy controller by
using adaptive method to estimate the upper bound of the
approximation error, meanwhile, adaptive fuzzy sliding mode
control can weaken the chattering and improve the robustness of
the system, make the motor position reach the reference value in
finite time, obtaining a better tracking precision. Simulation
results illustrate that the proposed control scheme has much
better performance than that of conventional PI.
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I.  INTRODUCTION

Permanent magnet synchronous motor (PMSM) plays a
crucial part in many applications which have a high demand on
fast and precision due to their compact size, large torque-to-
weight ratio , large torque-to-inertia ratio, low rotor losses and
so on . The vector Pl method is applied to decouple the PMSM,
and transfer its mathematical model into the DC motor to be
controlled easily, but this control method has some drawbacks
in the motor applications[1]: Complex coordinate
transformation is needed when achieving this transformation.
PMSM is largely dependent on the motor parameters, and can
not guarantee to be completely decoupled , then PMSM system
using vector controller can be severely affected by a variety of
internal and external disturbances, and only good control result
can be obtained with appropriately selected parameters.
Therefore, PMSM is easily subject to various uncertainties
including parameter perturbations, unmodeled dynamics and
external disturbances ,which bring adverse impacts on
performance specifications, furthermore, PMSM control
system is time-varying and nonlinear with a strong coupling
ability, thus the vector control of PMSM can not achieve high
performance in actual circumstance.

In order to obtain better control results, some scholars
began to study designing motion controller based on the speed
and position control loop of the PMSM. in recent years, with
the high development of modern control theory and motion
control, many methods have been gradually applied to the
nonlinear control theory which exists in PMSM system, such as
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adaptive control [1]-[4], disturbance rejection control [2]-[5]-
[7], inversion control [3], limited time control [6], sliding mode
control [7], robust control [8] and intelligent control [4]. These
nonlinear control methods improve the performance of
permanent magnet synchronous motor system.

During the past few years, many researchers have paid
highly attention on the adaptive fuzzy sliding mode control
method which combines the advantages of both sliding mode
and adaptive fuzzy control, and overcome their shortcomings,
the usage of sliding mode can easily solve impacts brought by
the inaccurate model and the disturbance. In this paper,
adaptive fuzzy sliding mode control is proposed to solve the
position regulation problem of PMSM servo system.

Il. DYNAMIC MODEL OF PMSM SYSTEM

In order to simplify the mathematic model, assume that the
conductivity of the permanent magnet material is zero; the core
saturation and winding leakage inductance are ignored, and
there is no damper windings on the rotor; excluding the eddy
current and hysteresis losses that the magnetic circuit is linear;
EMF wave of the stator winding is sinusoidal phase, ignoring
the higher harmonic of the magnetic field; When the permanent
magnet synchronous motor rotor is mounted on the convex

structure (Ld =L =L ), the three-phase PMSM system’ s
electrical equation in d-q

rotating reference can be expressed as follows:
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Where Ud, q,Ld, q,ld, qared,qframe

W, is speed
l//f is

inductance, stator voltage and current respectively;
of the rotor; R, is stator resistance; P is pole number;

flux linkage; J is rotor inertia; T is load torque.

According to field oriented vector control (Id _O) and
Clark /Park transformation, a control configuration of the
PMSM system is illustrated in Fig.1,we mainly design a
controller for position loop;



FIGURE I. CONTROL CONFIGURATION OF THE PMSM SYSTEM.

Pr is the reference position; P and n are the position and
speed of the rotor measured by encoder.
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As shown in Fig.1, it has an inner loop of current regulation
using space vector control for fast tracking the current vector
and torque-pulsation reduction, and a speed loop for driving the
rotor to the desired speed. The position control loop, which is
also the outermost loop for compensating the current and speed
loop, is to hold the rotor at desired position. From equation (1)
and (2)

p=Blp+Py, 1Ji,—PT,/J 3)
f=Bp 9=PR% /3 d=-RT,/J u=i,

Then P = f +ou+d

Where u denotes the input control parameter.
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I11. ADAPTIVE FUzzY SLIDING CONTROL SYSTEM

Thus, an adaptive fuzzy sliding control system , as shown
in Fig.2, is proposed to deal with this problem. Regard the ideal

dynamic characteristics P as the reference trajectory.
Tracking error is defined as :

Define the sliding surface s as :
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Where k1 2 is non-zero positive constant.

If the sliding surface is in the ideal
thenS =5=0 e obtain

state,
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FIGURE Il. BLOCK DIAGRAM OF ADAPTIVE FUZZY SLIDING MODE
CONTROL SYSTEM.

It can easily be seen that, By determined the suitable k1

kz, a tracking error will exponentially approach zero .
Substituting eqgn (7) to egn (5), the equivalent control law can
be obtain as:

u(t) = %[ém ()~ ke(®) ~ ke(t)~ F ~d ] o

Because f , 9 and d are unknown, it is difficult to use
u(t) in some practical needs , we use fuzzy systems to
approach u(t).

Taken & as adjustable parameters , and then anti- fuzzy
the fuzzy control , the fuzzy controller’s output is:

U,(sa)=a’é o

where 2 =[B02 8] §=[6.6 6]

W.
51 = mI
Define é:l as Zi:lw‘ (10)

According to the universal approximation theory , there

exists an optimal fuzzy control system to approach u(®) .

ut)=u,(s,a’)+e=a"é+e an

Where € is Approximation error, and meet to the

condition: |g| <E .

Using the fuzzy control system to approach u(t)

UfZ(S’é):é_T§ (12)

Where @ is the estimated value of @ .



The total control law is designed as follows:

u(t) =Uuy, (Saé)+uvs (s) (13)

Where Uss (s) is the switching control law, by using it to
compensate for the approximation error .

Substituting eqn (14) into egn (5) yields:

Bt) = f+9g[u,(s,8)+uy(s)]+d (14)

By differentiating (7) with respect to time and using (9) and
(13),we obtain that:

$= T +g[u(5,8)+u,(s)]+d—f ~d-gu(t)
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According to eqn (12) , we obtain

2 (16)

with the assumption that @ =2a—8& (17 becomes
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Consider a Lyapunov function candidate as:
V,(s(t),d) = lsz(t) +iéTa
2 2n, (18)

Where h is a positive real parameter.

By differentiating eqn (19) with respect to time and using
eqgn (16), we obtain:’

Vi= s(t)é(t)+i[éf aed aj - s(t)[u,z(s,a)+uvs(s)—u(*t)}
2n,

+iéTé
A

= s(’[)l:éﬂngs(s)—g:|+ia‘1T a-q (s(t)§+ié]+s(t)(uvs(s) -¢)
m m (19)
In order to reach the condition that Vl(s(t),a)sO’ given

that the first term is always zero , using the following adaptive
law and switching control law :

é = _7715 (t)g (20)

U, (s) =—Esgn(s(t)) 1)
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Then, substituting eqn (21 ), egn ( 20 ) into eqgn (19), we
get:

Vi (5(0),8) = —E|s(0)| - &(t) < ~E[s(0)]+ el |s(0)] = ~(E [ [s(0] < 0 (22)
According to Barbalat’s Lemma, it can be shown that
lim_,_e()=0

IV. SIMULATION STUDY

In order to explore the validity of the adaptive fuzzy sliding
mode control and to verify the superiority of AFSMC
compared with Pl controller, AFSMC and PI controller are
respectively used for position loops. We establish the
simulation model of the PMSM control system in MATLAB /
Simulink environment according to the PMSM mathematical
model and AFSMC strategy, and then implement related
simulation experiments to analyze the performances of control
system. Parameters of position loop’s for Pl controller
are: Ks =11.77 K, :140_

We choose the suitable parameters k= k2:200’ m=210

1,=30

The simulation results of the PMSM position and velocity
using AFSMC and their comparisons with PI controller without
load disturbance are shown in Figs.3-4. Comparison results of
the position between AFSMC and PI controller in Fig.3
indicate that the system is stable and the control result is
satisfactory. The position curve of the system using AFSMC
can reach the reference value in a short time of 0.11s smoothly
without shock and overshoot, while the traditional Pl control
reaches the reference value in 0.48. Simulation results indicate
that the PMSM system based on AFSMC is effective.
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V. CONCLUSION
In this paper, a new AFSMC approach has been proposed

for PMSM position system. To perform the AFSC, the
dynamic model of the PMSM control system is transferred to a



simplified form, where modeling error is considered. The main
contribution here is to design two adaptive controllers, the
switching controller is used to ensure the stability and fastness
of the control system, and the adaptive fuzzy controller is used
to adjust the switching controller’s parameters, estimate and
compensate the uncertainties of the PMSM control systems. In
addition, the stability of the two proposed adaptive controller
and PMSM control system can be guaranteed by the Lyapunov
theorem. Compared to the conventional Pl, simulation results
illustrate the superiority of the proposed AFSMC in the aspects
of computation feasibility and robustness performance.

ACKNOWLEDGEMENT

This work is partially supported by Natural Science
Foundation of Jiangsu Province under Grant No. BK20131136.
The Fundamental Research Funds for the Central Universities
under Grant No. 2013B19314 and 2014B04014.

REFERENCE

[1] Y. Mohamed, Design and implementation of a robust current-control
scheme for a PMSM vector drive with a simple adaptive disturbance
observer, IEEE Transactions on Industrial Electronics,vol.54,n0.4,
pp.1981-1988, 2007.

[2] S. Li and Z. Liu, Adaptive speed control for permanent-magnet
synchronous motor system with variations of load inertia, IEEE
Transactions on Industrial Electronics, vol. 56, no. 8, pp. 3050-3059,
20009.

[3] J. Zhou and Y. Wang, Adaptive back stepping speed controller design
for a permanent magnet synchronous motor, IEE Proceedings: Electric
Power Application, vol. 149, no. 2, pp. 165-172, 2002.

[4] Y. Kung and M.Tsai, FPGA-based speed control IC for PMSM drive
with adaptive fuzzy control, IEEE Transactions on Power Electronics,
vol. 22, no. 6, pp. 2476-2486, 2007.

[5] Y. Su, C. Zheng, and B. Duan, Automatic disturbances rejection
controller for precise motion control of permanent-magnet synchronous
motors, IEEE Transactions on Industrial Electronics, vol. 52, no. 3, pp.
814-823, 2005.

[6] S. Liand, H.Liu, A speed control for a PMSM using finite-time
feedback and disturbance compensation, Transactions of Institute of
Measurement and Control, vol. 32, no. 2, pp. 170-187, 2010.

[7]  S.Li, K.Zong, H. Liu, A composite speed controller based on a second-
order model of PMSM system, Transactions of Institute of
Measurement and Control,vol. 33, no. 5, pp. 522-541, 2011.

[8] P. Cortes, M. P. Kazmierkowski, R. M. Kennel,Predictive control in
power electronics and drives, IEEE Transactions on Industrial
Electronics, vol. 55, no. 12, pp. 4312-4324, 2008.

970





