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Abstract 

Brushless DC (BLDC) motors are widely used for 

many industrial applications because of their 

reliability, high efficiency, high starting torque, 

and less electrical noise. For the speed control of 

BLDC motor, different controllers are used. In 

this work, the performances of BLDC motor have 

been evaluated without controller and with 

conventional controllers PI and PID. The results 

have been compared with fuzzy based controller. 

In comparison with conventional controllers, 

fuzzy controller gives effective speed response 

but conventional controllers provide better 

response with changing load. 

MATLAB/SIMULINK software is used to carry 

out the above investigation.  
 
Keywords- BLDC motor, PI controller, PID 

Controller, Fuzzy controller 
 

1 Introduction 
 

Industries use mainly two types of motors: (i) 

dc motors where the flux is produced by the 

current through the field coil of the stationary 

pole structure, (ii) permanent magnet brushless 

dc motors where the permanent magnet provides 

the necessary air gap flux instead of wire wound 

field poles. As the brushless DC motors do not 

have brushes, the commutation takes place 

electronically. BLDC motor is actually a 

permanent magnet synchronous motor (PMSM) 

with trapezoidal back EMF [1]. 

 BLDC motors comprise several attractive 

properties such as smooth speed control and 

torque –speed characteristics [1]. Moreover, the 

control of DC motor also simple and does not 

requires complex Hardware [2] and [3]. But, DC 

motors have main disadvantages regarding to 

lifetime of brushes are the limited. A lower 

reliability occurs caused by the brushes and the 

operation need time to time maintenance of 

replacement [4]. 

Proportional Integral and Derivative (PID) 

controllers have been used in industrial control 

applications for a long time. PID controllers date 

to 1890s governor design. Despite having been 

around for a long time, majority of industrial 

applications still use PID controllers. According 

to a survey in 1989, 90% of process industries use 

them. This widespread use of PID in industry can 

be attributed to their simplicity and ease of re-

tuning on-line.  
The PID controller is so named because its 

output sum of three terms, proportional, integral 

and derivative term. Each of these terms is 

dependent on the error value e(t) between the 

input and the output, 
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(1) 
where Kp, Ki and Kd are the P, I and D 

parameters respectively. These terms determine 
the type of system response. The properties of P, 
I and D are discussed briefly here. 

International Journal of Pure and Applied Mathematics
Volume 119 No. 15 2018, 2689-2696
ISSN: 1314-3395 (on-line version)
url: http://www.acadpubl.eu/hub/
Special Issue http://www.acadpubl.eu/hub/

2689



 
The effects of each of controller parameters, 

Kp, Ki and Kd on a closed-loop system are 

summarized in the table below. 
 

Control 

Parameter 

Rise 

Time 

Overshoot Settling 

Time 

Steady 

State 

Error 

Kp Decrease Increase Small 

Change 

Decrease 

Ki Decrease Increase Increase Eliminate 

 

Kd Small 

Change 

Decrease Decrease No 

Change 

Table 1: Effects of control parameters 
 

There have been various types of techniques 

applied for PID tuning, one of the earliest being 

the Ziegler Nichols technique. These techniques 

can be broadly classified as classical and 

computational or optimization techniques. 

This paper discusses about modeling and 

speed control techniques of BLDC motor using 

open loop and closed loop with conventional 

controllers-PI, PID controller and fuzzy controller 

also. The performance of speed control of BLDC 

motor is verified through simulation analysis on 

MATLAB Simulink platform. 

 

 

2 BLDC motor operational 

     principle 
 

BLDC motors use mechanical commutator and 

brushes to achieve the commutation. However, 

BLDC motors are truly an inside-out DC 

Commutator with the mechanical commutator 

replaced by an electronic switching converter. 

The stator of BLDC motors is the coil, and the 

rotor is the permanent magnet. The stator 

develops the magnetic field to make the rotor 

rotating. Hall Effect sensors detect the rotor 

position as the commutating signals. Therefore, 

BLDC motors use permanent magnet instead of 

coil in the armature and do not need brushes. For 

the three phases BLDC motors, the back-EMF 

and phase current waveforms with 120° 

conduction mode are shown in Figs. 1, 2, [5] and 

[6]. 

 

 
Fig1: Circuit diagram of BLDC motor drive 

system 

 

Fig2: Trapezoidal back emf pattern and reference 

current generation 

 

3 Mathematical modeling of     

BLDC motor 
 

Dynamic equations BLDC motor is 

represented as following: 
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Where va, vb, vc are the phase voltages, ia,ib, ic 

are the phase currents, ea, eb, ec are the phase 

back-EMF waveforms, R is the phase resistance, 

L is the self inductance of each phase and M is 

the mutual inductance between two phases. So 

electromagnetic torque can be obtained as: 
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Where ωr is the mechanical speed of the rotor. 

The equation of motion is: 

JBTT
dt

d
rLer /)(             

(4) 

The electrical speed ωe is related to the 

mechanical speed for a motor with P numbers of 

poles as following: 

re P  )2/(            
(5)

 

Where P is the number of poles, ωr is the rotor 

speed in rad/sec. 
 

4 Speed control of BLDC motor 
 

The speed control of BLDC motor with 

conventional controller and fuzzy controller has 

been investigated. 

  

a) P-I Controller 

 

P-I Controller is mainly used to eliminate the 

steady state error. Since P-I controller has no 

ability to predict the future errors of the system it 

cannot decrease the rise time and eliminate the 

oscillations. The output of the PI controller in 

time domain is defined by the following equation: 
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(6) 

where Kp is the proportional gain, Ki is the 

integral gain and e(t) is the instantaneous error 

in the signal. 

 

b) P-I-D Controller 

 

P-I-D controller has the optimum control 

dynamics including zero steady state error, fast 

response (short rise time), no oscillations and 

higher stability. The necessity of using a 

derivative gain component in addition to the PI 

controller is to eliminate the overshoot and the 

oscillations occurring in the output response of 

the system. Its output sum of three terms, 

proportional, integral and derivative term. Each 

of these terms is dependent on the error value 

e(t) between the input and the output: 
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(7) 

where Kd is the proportional gain. 

 

c) Fuzzy Logic Controller 

 

 

MATLAB Fuzzy logic Toolbox is use to design 

fuzzy logic controller. Basically, the Fuzzy Logic 

controller consists of four basic components: 

fuzzification, a knowledge base, inference engine, 

and a defuzzification interface. The addition of 

fuzziness to data in fuzzy logic is called the 

fuzzification .fuzzy linguistic descriptions are 

formal representation of system made through 

fuzzy IF-THEN rules. They encoded knowledge 

about a system in statements of the form- IF (a 

set of conditions) are satisfied then (a set of 

consequents) can be inferred. The conversion of a 

fuzzy set to single crisp value is called 

defuzzification. [7] and [8]. 

In Mamdani type FIS the crisp result is 

obtained by defuzzification, in the Mamdani FIS 

can be used for both multiple inputs and single 

output and multiple inputs multiple outputs 

system [9]. 

 

 
 

Fig3: Block diagram of Fuzzy Logic Controller 

The BLDC motor has been simulated in the 

MATLAB/SIMULINK environment. Fig.2 shows 

the Simulation model of BLDC motor wihout 

controller.  The motor is fed by a PWM inverter. 

The inverter gates signals are produced by 

decoding the Hall Effect signals. Various 

parameters used for simulation shown in TABLE 

2. 
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Stator phase resistance 2.8750 ohm 

 

Stator phase inductance  

 

8.5 mH 

Number of Slots  

 

18 

Voltage constant 40 V/Krpm 

 

Number of poles 16 

 

Number of phases 3 

 

Voltage input 24 V 

 

Power input 40 W 

 

Proportional constant 0.0015 

 

Integral constant 0.25 

 
 

Table 2: Parameters used for simulation of BLDC 

motor 
 

 
Fig4: Simulation model of BLDC motor wihout 

controller 

 

Fig5: Stator Current and back EMF of phase A 

 

Fig.6: Speed of BLDC motor 

 

Fig7: Electromagnetic Torque of BLDC motor 

From speed time waveform it can be seen that 

speed of motor is directly proportional input 

voltage. Speed is a function of voltage. Speed of 

BLDC motor can be controlled by applied voltage. 

 

Fig8: Simulation model of BLDC motor with PI 

controller 
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Fig9: Stator Current and back EMF of Phase A 

 

Fig10: Speed of BLDC motor with PI controller 

 

Fig11: Electromagnetic Torque of BLDC motor 

The speed of BLDC motor can be controlled 

using proportional integral (PI) controller, PI 

controller can regulate the duty cycle hence 

control the voltage applied to BLDC motor. Speed 

of BLDC motor is directly proportional to applied 

voltage. Speed of BLDC motor can be set to 

reference speed. Any diversion from this speed 

will be given as an error signal to PI controller. PI 

controller will take appropriate signal on 

receiving of this error signal; it can increase as 

well as decrease the duty cycle of applied gate 

signal.

 

Fig12:  Simulation Model of BLDC Motor with 

PID Controller 

 

Fig13: Stator Current and Back EMF of Phase A 

 

Fig14: Speed of BLDC Motor with PID Controller 
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Fig15: Electromagnetic Torque of BLDC motor 

 

 

Fig16: Simulation model of BLDC motor wih 

fuzzy controller 

The Fuzzy Logic Controller has been designed 

using the MATLAB Fuzzy Toolbox and the 

membership function editor developed is as 

shown in Fig.1.10. In the present work, Mamdani 

based fuzzy system has been used. For controlling 

the speed of BLDCM, error in speed and rate of 

change in speed are taken as the input variables: 
 

 

Fig17: Membership Function Editor for Fuzzy 

Controller 

Hence in the present work, a fuzzy system 

with two inputs and one outputs are simulated. 

The triangular membership has been used for its 

simplicity and great performance. Each universe 

of discourse has been divided into seven fuzzy 

sets such as Negative Big (NB), Negative Medium 

(NM), Negative Small (NS), Zero (ZE), Positive 

Small (PS), Positive Medium (PM), Positive Big 

(PB). A rule base consisting of forty nine fuzzy 

rules has been developed based on the pre-defined 

membership functions of the two inputs (e is the 

error; ce is the change in error). The rule base has 

been included in the Fuzzy Interface System 

Editor of the present work by means of the Rule 

Editor. 
 

 
Table 3: Rule matrix  

 

 

Fig18: Stator Current and Back EMF of Phase A 

 

 

 

Fig19: Speed of BLDC Motor with Fuzzy 

Controller 
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Fig20: Electromagnetic Torque of BLDC Motor 

Parameter\

Controller 

PI 

Controller 

PID 

Controller 

Fuzzy 

Controller 

Rise Time 14.580 ms 12.288 ms 11.850 ms 

Overshoot 

(%) 

4.737% No 

overshoot 

0.274% 

 

Table 4: Comparison of different controller 

parameters 

5 Conclusion 

In this paper closed loop speed control of 

BLDC motor drive with PID controller loop is 

carried out and it is compared with PI controller 

fed BLDC drive. Simulation results show that 

current ripple and torque ripple are minimized 

which enhance the performance of the drive. By 

comparing the performances of Permanent-

magnet brushless dc motor with PI and PID 

controller, it is concluded that applying the load 

torque to the motor with conventional controller, 

motor speed will be decreased and it should 

regain its speed quickly. When load torque of 3 N-

m is applied at 0.1 sec to the motor with PID 

controller, motor drop its speed and recovers 

speed in very less time as compared to PI 

controller. Rise time of PID controller is better 

than PI controller. With PID controller, BLDC 

motor has no steady state error while with PI 

controller; there is some steady state error. PID 

response also compared with fuzzy based BLDC 

motor response and simulation results show that 

motor speed does not drop when load torque is 

applied. Hence fuzzy based controller gives high 

efficiency. The results show that the dynamic 

performance of the motor is quite satisfactory for 

various loading conditions. 
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