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Abstract- In this paper a fractional order PI controller (FOPI) is proposed for the speed control of Permanent Magnet 
Synchronous Motor(PMSM). Fractional calculus is introduced into the PI controller, and proposes a robust fractional order 
PI controller (FOPI) for the speed control of a PMSM .PMSM drive system is a nonlinear system which is sensitive to load 
disturbance, parameter variation, unmodelled and nonlinear dynamics. Simulation of the drive system is done using integer 
order PI and is compared with the FOPI.  Fractional order is applied in the PI controller and analysis is done for different 
order ranging from 0-1. By using FOPI the performance of the PMSM drive system can be improved. The performance and 
robustness of the proposed method are tested for nonlinear load torque disturbance. The modulation technique used is the 
space vector modulation (SVPWM) 
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I. INTRODUCTION 
 
Due to the superior features of Permanent Magnet 
Synchronous Motor like high compact structure, high 
power density, high efficiency now it is widely used 
in industrial areas. It is gradually replacing the 
induction motors and dc motors in drive application 
such as robotic actuators, renewable energy 
conversion systems.  Despite of its advantages it is 
challenging to control the speed of PMSM to achieve 
performance because the PMSM drive system is a 
nonlinear multivariable coupled system and is 
sensitive to external load disturbance and other 
parameter variation.  To obtain smooth starting and 
fast four quadrant operation field oriented control is 
used. The scope of the work is to make the speed of 
the PMSM drive system less sensitive to the external 
load disturbance, parameter variations in the plant, 
unmodeled and nonlinear dynamics.  Fractional 
calculus is applied into the PI controller thus 
proposed a fractional order controller for the speed 
control of motor to enhance the system control 
performance.  Fractional calculus has a 300 years old 
history, and for along time, it was considered as a 
pure theoretical subject with nearly no applications. 
But in recent decades the application of fractional 
controller attracts increasing attention due to the more 
degree of freedom that provided. In control practice, 
it is useful to consider the fractional order controller 
design for an integer order plant.  
 
This is due to the fact that the plant model may have 
already been obtained as an integer order model in 
classical sense. In most cases, our objective of using 
fractional calculus is to enhance the system control 
performance. The proposed model is shown in figure 
1.The rest of the paper is organized as (II)Permanent 
Magnet Synchronous Motor which include  the field 
oriented control and the modeling of PMSM.(III) 
Transformation(Iv) Fractional calculus (V) System 

block and configuration(VI) Simulation 
result(VII)conclusion  
  
II. PERMANENT MAGNET 

SYNCHRONOUS MOTOR  
 
In Permanent magnet synchronous motor to provide 
the required air gap magnetic field permanent 
magnets are used instead of electromagnets. Due to 
the superior advantages over induction motor now it 
is widely used in industrial application, traction, 
automobile thus replacing the induction motor.  
PMSM utilizes the permanent magnet which are 
mounted on the surface of rotor which makes the 
motor appear magnetically round and the reactive 
force between the magents on the rotor and the 
electromagnets gives the motor torque.  
 
A.  Field oriented control of PMSM  
There are mainly two types of control DTC the direct 
torque control and FOC the field oriented control. 
Fast response is the main advantage of FOC control 
and it also provide fast four quadrant operation, good 
acceleration and smooth starting.  In FOC the main 
aim is to control the magnetic field and torque by 
controlling the d and q axis component. This method 
is implemented by using two current controllers and 
one speed controller. One current controller to control 
the d axis component and other for the control of q 
axis component  
  
B.  Modelling of PMSM  
For proper simulation of the system of the system 
modelling of motor is required. Modelling of PMSM 
without damper winding is developed on rotor 
reference frame based on assumption(i)Saturation is 
neglected(ii)The induced EMF is sinusoidal(iii)  Eddy 
currents and hysteresis losses are negligible(iv)There 
are no field current dynamics. Modelling of PMSM is 
done based on the following equation The 
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mathematical model of a PMSM in the rotating 
reference frame is  
 

 
 

 
relating the 3-phases axes and the d-q axes variables 
is the Park’s transformation.  The transformation of 
the 3 phase rotating axes to the 2 phase rotating axes 
means the transformation from the rotating reference 
frame a,b,c to rotating frame α,β. The transformation 
from the rotating axis    
 

 
Fig 1. Block diagram of the PMSM system 

 

 
 
III. TRANSFORMATIONS  
  
Primitive machine is equivalent to any other rotating 
machine. DC machine closely resembles to the 
primitive machine, so no transformation is required 
for dc machine but most of the machines are poly 
phase ac machine which is not resemble to the 
primitive machine.  Transformaion is the process of 
replacing one set of variables by another set of 
variables. It is also known as winding transformation. 
Transformation that to the stationary axes means the 
transformation from rotating reference frame α,β to 
the stationary reference frame d,q  

 

IV. FRACTIONAL CALCULUS  
  
Fractional order calculus is well known since the 
development of the integer order calculus. Fractional 
calculus is a branch of mathematics that studies the 
possibility of taking real number power or complex 
number power of the differential operator and the 
integrator operator. Fractional calculus is now applied 
in control fields and system analysis. Fraction 
calculus is a generalization of integer order 
integration and differentiation to non-integer order 
ones. The fractional order PID controller is 
represented as PIλDµ where λ and µ are the order of 
the I and D controller. By varying the order between 
0-1 fractional order controller is obtained.  
  
V. SYSTEM BLOCK AND 

CONFIGURATION  
  
The block diagram of the proposed model of PMSM 
using FPI is shown in figure. FPI is the fractional PI 
controller.  The performance of the PI controller is 
compared with the FPI controller.  The proposed 
model consist of two control loops the outer speed 
control loop and the inner current control loop. Inner 
control loop consist of two current control loop,  the 
q-axis and d-axis current control loop. In the outer 
speed control loop ω is compared with ωref the 
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reference speed and the error signal is controlled 
using the PI and the FPI algorithm.  
Transformations are required to convert the a b c 
component to d q axis and vice versa. Space vector 
Pulse width modulation is used to generate the 
required pulses for the inverter.  
 
Pulse-width modulation (PWM) is a modulation 
technique that confirms the width of the pulse.  Space 
vector pulse width modulation (SVPWM) technique 
is used to generate the required gate drive. SVPWM 
has good utilization of DC link voltage. Compared to 
the SPWM, the SVPWM has a 15% higher utilization 
of voltage..  
 
This makes it suitable for high voltage high power 
application such as renewable power generation. The 
main difference from other PWM technique is that in 
SVPWM the reference is vectors The specification of 
the PMM is shown in Table 1. 
 

 
 
VI. SIMULATION RESULT  
  

A. Simulation of speed response  
Figure 2 and Figure 3 shows the simulation of the 
speed response of the proposed system.Figure 2 
shows the speed response for a stepped speed 
reference for PI and FPI controller(upto t=0.08 
speed=950rpm upto 0.18 speed=1050 rpm and upto 
t=0.4 speed=1000 rpm).Figure 3 shows the speed 
response when a load variation of 100 Nm applied at 
0.3sec.FPI controller settle faster than PI controller.  
By suitably selecting the order we can improve the 
performance of the PMSM drive system  
  
B.Simulation of different λ values without load 
variation  
Table 2 shows the mean error for different values of  
λ.  The mean error varies when λ values are changing.  
By suitably choosing the λ value we can improve the 
performance  
  
C.Simulation for load variation  
Table 3 shows the results for load variation. The 
mean error for PI controller and FPI controller was 

calculated. The mean error for FPI controller is less 
compared to the PI controller  

 
 

Table 2.Mean error for different values of λ 

 
 

Mean error for PI=0.2415 
  

Table 3 Mean Error for different load 
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CONCLUSION  
  
A fractional order PI controller to control the speed of 
PMSM is presented. By selecting the proper value of 
λ for PI controller the proposed FPI can reduce the 
mean error and when there is a load variation the 
delay time to reach the reference speed is less 
compared to the PI controller.  By applying fractional 
calculus in controllers the performance can be 
improved.  
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