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Abstract-Brushless DC (BLDC) motors are preferred as small horsepower control motors due to their high efficiency, silent operation, compact 

form, reliability, and low maintenance. BLDC motor uses electronic commutation instead of mechanical commutation to control the power 

distribution to the motor. Latching Hall-effect sensors, mounted in the motor, are used to measure the motor‟s position, which is communicated to the 

electronic controller to spin the motor at the right time and right orientation. Commutation informs that rotor rotation of BLDC motor is proper or 

not, while the speed of motor depends on the value of applied voltage. Commutation using electronics instead of brushes provides greater flexibility 

and capabilities includes speed limiting, “micro stepped” operation for slow and fine motion control, and a torque when stationary. The applied 

voltage can be controlled by using the Pulse Width Modulation (PWM) technique. The required speed is controlled by PID controller.  
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I. INTRODUCTION 

The Proportional Integral Derivative (PID) controllers are 

applied in various fields of engineering, and these controllers 

are very important tools in telecommunication system. If there 

is a control system and stability is desired for control system, 

then PID could be very useful. In practice, the design of the 

BLDC drive involves a complex process such as modeling, 

control scheme selection, simulation and parameters tuning 

etc. An expert knowledge of the system is required for tuning 

the controller parameters of servo system to get the optimal 

performance. Recently, various modern control solutions are 

proposed for the speed control design of BLDC motor. Mainly 

two types of dc motors used in industry. The first type is the 

conventional dc motor in which the flux is produced by the 

current through the field coil structure. The second type is the 

brushless dc motor (BLDC motor) in which the permanent 

magnet provides the necessary air gap flux instead of the wire-

wound field poles. PID controller with its three term 

functionalityK_p,K_i&K_dcovering treatment to both 

transient and steady-states response, offers the simplest and 

yet mostefficient solution to many real world control problems 

[8]. Inspite of the simple structure and robustness of 

“JAYA”method,optimally tuning gains of PID controllers 

have been quiteeasy. 

 

 

II. PID Controller 

Proportional Integral and Derivative (PID) Controller is a 

feedback based controller which gets the error output based on 

the characteristics of the error and gives good result.PID is 

used in a closed loop .it has three elements P, I, D. The PID 

controller is by far the most commonly used Controller 

Strategies in the process control industry. 

PID controller is widely used in industrial control systems 

which are composed of proportional control action, integral 

control action and derivative control action..PID controller is 

used as pneumatic, hydraulic or mechanical controller or had a 

simple interface for manual tuning of the controller. PID is 

simply an equation that the controller uses to evaluate the 

controlled variables. The controller then compares the 

feedback to the set point and generates to the controller. The 

proportional constant decides the reaction based on the current 

error, the integral constant determines the reaction according 

to the total of recent errors, and the derivative constant 

determines the reaction using the rate at which the errors have 

been changing. In simple way, P depends on the current error, 

I depend on the sum of past errors, and D depends on future 

errors based on current rate of change of errors.  
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K p
= Proportional gain 

K I
= Integral gain 

K D
= Derivative gain 

 
PID Controller is composed by proportional, integral and 

derivative control mode which can be definitive as follows: 

In proportional control mode, 

 

P = ErrorK p
  

Proportional part of PID examines the magnitude of the error 

and it applies proportionally.  

Error= set point – process variable  

It uses the proportional constant of the system error to control 

the system. 

In Integral control mode, 

I = dtErrorK I
.  

It is proportional to the amount of error in the system. In 

Integral control mode the I-action introduce a lag in the 

system. It eliminates the offset that is introduced earlier on by 

P-action. 

In Derivative Control mode, 

D =
dt

Errord
K D

)(


 

PID controller can be used in closed loop with plant as given 

figure: 

 
Characteristics effect of PID controller parameters: 

The proportional gain , reduces the rise time and might reduce 

or remove the steady-state error of the system. The integral 

gain   , eliminates the steady-state error but it might a negative 

effect on the transient response and the derivative gain   , will 

tend to increase the stability of the system, reducing overshoot 

percentage, and improving the transient response of the 

system.  

 Effect of Parameters on Close loop System. 

 

Paramet

er 

 

Rise 

time 

 

Oversho

ot 

 

Settlin

g time 

 

Steady-

state 

error 

   Decreas

e 

Increase Small 

change 

Decreas

e 

   Decreas

e 

Increase Increas

e 

Eliminat

e 

   Small 

change 

Decrease Increas

e 

Small 

change 

 

 

 

 



International Journal on Recent Technologies in Mechanical and Electrical Engineering (IJRMEE)                           ISSN: 2349-7947 

Volume: 3 Issue: 2                                                                                                                                                                  017 – 022 

__________________________________________________________________________________________ 

19 

IJRMEE | February 2016, Available @ http://www.ijrmee.org                                                                 

_____________________________________________________________________________ 

Choosing Structure of PID Controller. 

 Reference Tracking Tuning Disturbance Rejection Tuning 

 Step Reference Constant Load Reference 

 Transient Steady state Transient Steady State 

P Increasing   >0 

speeds up the 

response 

Increasing 

  >0 reduces 

but does not 

eliminate 

steady state 

offset  

Increasing 

  >0 speeds 

up the 

response 

Increasing   >0 

reduces but 

does not 

eliminate 

steady state 

offset 

I Introducing integral 

action   >0 gives a 

wide range of 

response types 

Introducing 

integral action 

  >0 eliminates 

offset in the 

reference 

response  

Introducing 

integral action 

  >0 gives a 

wide range of 

response 

types 

Introducing 

integral action 

  >0 eliminates 

steady state 

offsets 

D Derivative action 

  >0 gives a wide 

range of response 

and can be used to 

tune response 

damping 

Derivative 

action has no 

effect on 

steady state 

offset  

Derivative 

action   >0 

gives a wide 

range of 

responses 

andcan be 

used to tune   

Derivative 

action has no 

effect on 

steady state  

offset 
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Tuning of PID Controller 

The Second part of setting up a PID controller is to tune or 

choose numerical values for PID parameters. PID controllers 

are tuned in terms of P, I, D terms. Tuning the control gains 

can result in the following improvement of responses. 

 Proportional gain (  ): High Proportional gain means 

faster response, since the larger the error, the larger the 

proportional term compensation. Large    means 

instability and oscillation. 

 Integral gain (  ): Large Integral gain shows steady 

state errors are eliminates faster. It may results large 

overshoot, since any negative error integrated during 

transient response must be integrated away by positive 

error before steady state can be reached. 

 Derivative gain(  ): Large Derivative gain decreases 

overshoot but slow down transient response and may 

lead to instability due to signal noise amplification in the 

differentiation of the error. 

PID controller tuning using various soft-computing 

techniques 

PID controller model structure needs to be very precise. But in 

practical applications, to a different extent, most of the 

industrial process exists to be nonlinear, the variability of 

parameters and the uncertainty of model are very high, thus 

using conventional PID control the precise control of the 

process cannot be achieved. The common methods known for 

tuning require the process model to be of a certain type, for 

example as in the case of a „First order plus dead time‟ model. 

The problem can be well addressed by the application of soft-

computing methods for tuning of the PID controller. These are 

especially useful for solving problems of computationally 

complicated and mathematically in traceable. This is due to 

the convenience of combining natural systems with intelligent 

machines effectively with the help of soft-computing methods.

TABLE 1:PID Tuning Methods 

Tuning Method Advantage Disadvantage 

Manual Tuning 
 No math required 

 Online method 
Requires experienced personnel 

Ziegler-Nichols 
 Proven method 

 Online method 

 Process upset 

 Some trial and error 

 Very aggressive tuning 

Software tools 

 Consistent tuning 

 Either online or offline 

tuning 

 May include actuator and 

sensors analysis 

Involves some cost and training 

Cohen-coon Good process models 

 Requires some math 

 Offline method only 

 Only good for first order 

process 
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Tuning methods  

Performance of PID depends on the gain parameters, so we 

need to adjust them. Different methods are used, 

1. Open loop method 

2. Close loop method 

1) Open Loop Method 

In thesis apply first step to the process and get the response 

like as shown in the graph and get the dead time, reaction rate 

and process gain. 

 Put the controller in manual mode 

 Wait until the process value (Y) is stable and not 

changing. 

 Step the output of the change in the process value. 

Collect data and plot as shown below. 

 Repeat making the step in the opposite direction. 

 K = the process gain=change in process value /change 

in manipulated value. 

2) Closed loop method 

Ziegler–Nichols method 

Tuning method is known as the Ziegler–Nichols method, 

introduced by John G. Ziegler and Nathaniel B. Nichols. In 

this method firstly, TheK_i  and K_d gains are set to zero. The 

P gain is increased until it reaches the ultimate gain, K_u at 

which the output of the loop starts to oscillate. K_uand the 

oscillation period P_u are used to set the gains as shown. 

 

Table 3 :Z-N Method 

Controller          

P 0.50    - - 

PI 0.45   1.2   /   - 

PID 0.60   2  /        8 

 

III. CONCLUSION

An optimization method named “JAYA” is used for 

determination of PID controller parameters.Every tuning 

algorithm hasits algorithm-specific parameters which require a 

tedious computational effort resulting in improper tuning. 

Considering this aspect,the “JAYA”algorithm is introduced 

for speed control of BLDC motor which does not require any 

algorithm-specific control parameters. Common control 

parameters are common in any of the optimization algorithms 

while algorithm-specific parameters are specific to their 

algorithm and different algorithms have different specific 

parameters to be controlled. The results show that the 

proposed controller can perform an efficient search for the 

optimal PID controller. This method can improve the dynamic 

Performance of the system in a better way. 
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