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Abstract — Permanent Magnet Synchronous Motor (PMSM) is a non-linear, complex time-varying system. The control 
performance is not satisfactory in the traditional PID control method. Based on the combination of PI and fuzzy control, the 
controller of fuzzy self-adaptive PI was designed in this paper. The PID parameters can be set with fuzzy algorithmic approach 
automatically. Experimental results show that the system has a good dynamic response, small overshoot and static character, as 
well as the strong ability of self adaption and resisting the load disturbance. 
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I. INTRODUCTION 

PMSM (permanent magnet synchronous motor, PMSM) 
has been widely used in all kinds of areas, such as machine 
tools, electric vehicles, aerospace and other fields, because of 
the simple structure, small size, efficiency, and so on[1.2.3]. 

PMSM is a nonlinear, multi-variable system. It is very 
sensitive to the system parameter perturbation and external 
disturbances [4]. Conventional control method with PI 
regulator is simple and practical. But the traditional PI 
controller has some limitations, the control parameters 
cannot be adjusted as circumstances change, and the system 
cannot be provided good performance when the parameters 
were keep constant in all the times. In order to improve the 
performance of the PMSM driver system, intelligent control 
system has been proposed, and become a hot topic in the 
years [5, 6, 7].  

Expert PID controller has been proposed in [8], the 
controller parameters are automatically adjusted. However, 
this control method must be precisely defined object model. 
The representation of variables and quantification of 
indicates is difficult, so the expert PID method has some 
limitations in the PMSM control system [9.10]. Fuzzy 
control is an effective way to solve this problem. And the 
precise mathematical model of the object is not 
indispensable, the parameters of system is not sensitive that 
may be changed in the different situations, so, it has a good 
dynamic response, robustness characteristics. 

In this paper, an Adaptive-Fuzzy PI (AFPI) control based 
on the basic theories and methods of fuzzy mathematics is 
used to design the speed regulator. In order to improve the 
adaptive capacity of the control system of PMSMs, the PI 
parameters are automatically adjusted according to the actual 
response of the control object. 

II. PREPARE YOUR PAPER BEFORE STYLING 

The organization of the lecture is as follows. After a 
general introduction of the effect of fault on the power 
system, the usefulness and requirement of a fault current 

limiter is presented to the students which has been discussed 
in section II. The traditional ways of fixing fault currents in 
power system has been discussed in section III. In section 
IV, operating principle, design details, and experimental 
results of magnetic current limiter has been presented. The 
analysis and simulation results of high temperature 
superconducting fault current limiter has been discussed in 
section V. The lecture has been concluded in section VI. 

III. MATHEMATICAL MODELEL OF PERMANENT 

MAGNET SYNCHRONOUS MOTORS 

The basic principles of  vector control is the motor stator 
current decomposed into direct-axis current component id 

and cross-axis current component qi  [11]. Affixed to the 

surface of permanent magnet synchronous motors for the 

study, namely d qL L L  , based on the following 

assumptions can be established PMSM d , q -axis 
mathematical model: 1) completely symmetrical three-phase 
windings and stator surfaces in uniform continuous 
distribution; 2) air gap magnetic field is sinusoidal, as well as 
the stator current and rotor magnetic field; 3) magnetic 
circuit is not saturated, neglect the eddy current and 
hysteresis losses; 4) ignore the impact armature reaction, 
alveolar and commutation. The three-phase winding voltage 
balance equation can be expressed as: 
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As shown in the figure above: du 、 qu are the d , q -

axis equivalent voltage respectively; di  and qi  are the 

equivalent currents d , q axis; dL  qL  are the equivalent 

inductance of d , q -axis respectively; d , q  -axis 
equivalent resistance can be considered equal, that is 

dr = qr = sr ; p is differential operator;  is motor rotor 

angular velocity; d , q
 are  d , q -axis component of the 

stator flux; f
is rotor permanent magnet flux.Motor 

electromagnetic torque Td is 

m f[ ( ) ]d q d q d qT p ψ i L L i i  
           (3) 

Where pm is motor pole pairs. Because the d- inductance 
is equal to the q-axis inductance, that is Ld = Lq, so the 
equation can be written as 

m fd qT p i
                        (4) 

The motion equation of the PMSM control system is: 

e L

d
J T T B

dt

   
               (5) 

As shown in the above equation, eT  is the 

electromagnetic torque;  is mechanical speed of the motor, 

J is the motor inertia; LT is load torque; B  is damping 

coefficient.   
Visible, electromagnetic torque equation is similar with 

ordinary DC motor PMSM, the size of electromagnetic 
torque is proportional to the flux and current amplitude, 
therefore controlling the output square wave current 
amplitude can control electromagnetic torque. 

IV. FUZZY ADAPTIVE TUNING PI CONTROL STRATEGY 

A. Fuzzy Adaptive Control System  

The basic idea of AFPI control is: when the error is large, 
increase the weight of the error control function to quickly 
eliminate errors, improve system response speed; when the 
error is small, increase the amount of change in control of the 
error weighting function, and the overshoot the system in 
steady state will be repressed. Error e  and the change rate of 

ce  error are input signals of the AFPI controller, the 

different moments of e  and ce  are errors for the PI 

parameters. AFPI control structure is shown in Fig.(1). 
PI Fuzzy adaptive is to identify the fuzzy relation among 

pk , ik  , e  and ce  of PI controller, through continuous 

testing on e , ce  in operation, feeling fuzzy control theory to 

modify pk  ik two parameters in real time, it will be changed 

by the different requirements of the control parameters, and 
the system has a good control performance in different 
situations. 
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Fig.(1). AFPI control Structure 

B. fuzzy  Controller Design  

PI regulator for the design must take into account the 
relationship between the role of the Internet and its different 
moments between the two parameters. This paper constructs 
a speed e  and the change rate ce  as input and output signals 

as current loop signal given two-dimensional fuzzy 
controller. Fuzzy controller selects two-dimensional fuzzy 
controller to input variables for speed feedback value and 
given the speed e  and error values change ce . Fuzzy matrix 

table by querying the PI parameters can be adjusted. 
AFPI controller design procedure is:Take seven linguistic 

variables: {negative large, negative middle,  negative small, 
zero, positive small, positive middle, CP}, fuzzy subset input 
and output variables are: {NB, NM, NS, ZO, PS, PM , PB}, 
on the field are: {- 3 - 2 - 1, 0,1, 2,3}.Membership function 
selects triangle membership function, shown in Fig.(2).The 
core design of AFPI controller is the fuzzy control rules. The 
fuzzy control rules was acquired after a lot of motor control 
experiment accumulated experience,  which is shown in 
Table 1. 

 
 

Fig.(2). Membership Function 

TABLE 1.  AFPI RULE OF KP 

 
Tables 1 and 2 according to the fuzzy control rule 

obtained values Δkp, Δki, then substituted into equation (6) 

to obtain the adjusted pk  ik . 
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TABLE 2.  AFPI RULE OF KI 
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Based on the results of the control system of fuzzy logic 
rules for processing, look-up table and calculation, the PI 
controller parameters was automatically modified, and the 
flow diagram of the fuzzy adaptive PI controller is shown in 
Fig.(3) . 

 
Fig.(3) AFPI Controller Work Flow Diagram 

V. SIMULATION RESULTS ANALYSIS 

The block diagram of the AFPI control system is shown 
in Fig.(4). The speed regulator and the current regulator of 
the system is used to adjust the both control variables 
respectively. The speed regulator output is the current 
regulator input, current regulator output voltage vector space 
given instructions. The AFPI controller is used to improve 
the control performance of the system. The parameters of 
PMSM is shown in Table 3. 
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Fig.(4). Vector Control System Structure   

TABLE 3 PMSM MOTOR PARAMETERS 

parameter numerical 

value 
Power (kW) 5kW 

Rated voltage (V) 400V 
Rated speed (r/min) 1500 

The number of phases 3 
The number of pole-pairs 4 
Winding resistance (Ω) 1.6 

Inductance (mH) 3.2 
Moment of inertia(kg×m2) 0.06 

 

 
        (a)                        (b) 

Fig.(5). Given the Different Speeds of Response Curve 

The response curves of the control system in different 
speeds are shown in Fig. 6. The desired  speed is 500r / min. 
While 0.5s mutation -500r / min, the load torque 5N • m. 

As can be seen from Fig.(5)(a), under the traditional role 
of the PI controller, speed has overshoot phenomenon. 
Fig.(5)(b) is the response curve under the action of AFPI 
controller. Owing to the PI controller tuning parameters in 
real time depending on the speed, accelerating the response 
speed of the system, but also reduces the  

speed overshoot, and in the same time has good low 
speed and high speed response characteristics 

 
(a)                   (b) 

Fig.(6). Response Curves Under Different Load Torque 

Fig.(6) shows the response curve under different load 
torque in system. The desired speed is 1000r / min, the load 
torque 5N • m, mutation is 30 N • m at 0.5s. As can be seen 
from Fig.(6)(a), the response of the traditional PI controller 
for sudden load torque is slow, it has a greater volatility in 
speed curve. Fig.(6)(b) shows the response curve by the 
AFPI controller proposed in this paper. Due to the rapid 
response capability of the system, so that in case of sudden 
torque, the motor can be quickly returned to a steady state. 
As can be seen from the figure, the PI controller proposed in 
this paper has a performance with faster response capability 
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and robustness, improved the performance of PMSM control 
system. 

IV. CONCLUSION 

This paper describes the working principle of fuzzy 
adaptive controller in detail, and designs an AFPI controller 
according to the need of PMSM control system. According 
to the simulation results can be seen, the proposed controller 
has the ability of faster respond, stronger robustness, more 
excellent system characteristics. 
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