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Abstract- The Brushless DC (BLDC) motors are one of thetdlsd drives that are now widely being used in
industrial applications and are rapidly gaining plapity, due to their high efficiency, good dynamésponse,
high power density, high reliability, and maintenasfree reputation. These motors are generallyrotbed
using a three phase full bridge pulse width moduldPWM) voltage source inverter. For startingted motor,
for providing proper commutation sequence and ta tan the power devices in the inverter bridge ribter
position sensors required. Based on the rotor ipasithe power devices are commutated sequentallyy 60
degrees. To achieve desired level of performaneentiotor requires suitable speed controllers. Ire cafs
industrial drives, the speed control is usually i@ebd by using Proportional-Integral-Derivative DI
controller. PID controllers are widely used in tinelustries due to their simple control structurel @ase of
implementation. This paper presents a proportiortaegral-derivative (PID) controller for the speeantrol of
BLDC motor. This work mainly focuses on the desajrthe speed controller for the closed loop operatf
BLDC motor. The PID speed Controller for the BLDCotor drive is designed and simulated using
MATLAB/SIMULINK software package. Thus a speed aofier has been designed successfully for closed lo
operation of the BLDC motor and the motor runs v&#oged to the reference speed.

Index Terms- Brushless DC (BLDC) motor, three phase full brigndse width modulated (PWM) inverter,
rotor position sensor, and Proportional-Integratizsive (PID) controller.

frame, or cooling systems can be used specially in
large machines. Commutation of brushless DC motor
Since the late 1980's new design concept db supply power from DC source is performed with
permanent magnet brushless motors has bepawer electronic inverter rather than mechanical
developed [1]. The permanent magnet brushless motoiushes. This enormously improves the reliability o
can be classified upon to the back-EMF wavefornthe system over brush DC motors. In addition it
where it can be operated in either brushless AGduces the system maintenance cost, and creates
(BLAC) or brushless DC (BLDC) modes. Usually theclean and safer working system environment. There i
BLAC motors have a sinusoidal back EMF wavefornno brush; there is no contamination and residuahen
and BLDC motors have a trapezoidal back EMFbearings. Also there is no arcing associated with
BLAC motors with sinusoidal back-EMF waveform brushes; therefore BLDC motors are safer to work in
are called as permanent magnet synchronous mot@@ndition where there exits danger of explosive and
(PMSM). The Brushless DC Motor (BLDC) motor iswider contact with fluid. Brushless DC motor is rhuc
conventionally defined as a permanent magnejuieter both electrically and audibly during opinat
synchronous motor with a trapezoidal back Electrtn general the induction motor has many advantages
Motive Force (EMF) waveform shape. The PMSM isas: their simplest construction, simple maintenance
very similar to the standard wound rotor synchranodow price and reliability. Furthermore, the
machine except that the PMSM has no dampelisadvantages of induction machines make the BLDC
windings and excitation is provided by a permanennotors more efficient to use and become more
magnet instead of a field winding [2]. The PMSM hagttractive option than induction motors. Some & th
a sinusoidal back EMF and requires sinusoidal statdisadvantages of induction machines are poor dymami
currents to produce constant torque while the BLDCharacteristics, lower torque at lower speeds anet
motor has a trapezoidal back EMF and requiregfficiency.

rectangular stator currents to produce constagtiior BLDC motor control system mainly comprises of DC
Compared to conventional DC motors and inductiomoltage source, power electronics inverter, rotor
motors, BLDC motors have many advantages and feppsition sensor, and a controller. It is known that
disadvantages [3]. Comparing BLDC motors with DGnduction AC motors and conventional DC motors can
motors, the DC motor have high starting torquéun by just connecting them to AC or DC source of
capability, smooth speed control and the ability t@power supplies directly without any information abo
control their torque and flux easily and indeperilyen the rotor position. However, BLDC motor control
In the DC motor, the power losses occur mainlyhim t systems need rotor position information during
rotor which limits the heat transfer and consedyentoperation. Commutation of brushless DC motor to
the armature winding current density, while in BLDCsupply power from DC source is performed with
motor the power losses are practically all in ttatog  power electronic inverter rather than brushes.

where heat can be easily transferred through the

1. INTRODUCTION
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Fig. 1. Functional block diagram of the proposedystem.

The rotor position information is used to perforntypically implemented using a power converter made
electronic commutations through power electroniof insulated-gate bipolar transistors (IGBTs) or
inverter. In order to obtain the rotor pole positio MOSFETS|[6].
either mechanical or electronic hardware sensor Electronic commutation of BLDC motor is executed
used[4]. with power electronic semiconductor hardware called
The rotor position sensor is selected dependinthen Inverters to supply power to the stator coils. Here
application type, investment-cost, and syster8-phase full bridge Pulse Width Modulated Voltage
environment. Mechanical rotor position sensoSource Inverter (VSI) is employed. The 3-phase VSI
provides accurate rotor position information tharhas three arms, where each of the arms has upger an
electronic sensor. This system is called Mechanicédwer part made of MOSFET switch. Fig. 1.shows
sensor control of BLDC motor or it is usually reft  inverter switches from S1 to S6. Process of switghi
to Sensor Control of BLDC motor. However, the cosbn and switching off the inverter arms with a
of mechanical rotor position sensors like encodepredefined patter or sequence based on the rotor
tacho-meter, resolver, and Hall sensor are expensiposition information interpreted from Hall Effect
Thus, investment cost of mechanical sensor coofrol sensor, therefore, power will reach to the desstatbr
BLDC motor is expensive than electronic sensocoils of the motor. Hence current passes through tw
control of BLDC motor. Therefore in the case of low of the coils out of three stators. Speed, torquel a
budget BLDC motor applications electronic sensorphase currents/voltage are important variablepéed
are preferred over mechanical rotor position sensor control of BLDC machine.

2. PROPOSEDBLDC M OTOR DRIVE SYSTEM In controlling the speed of BLDC motor the system i

USING PID CONTROLLER closed-loop where actual speed is the feedback

The overview of the proposed speed control of BLD@arameter that is obtained from the speed transduce
motor using a Proportional plus Integral plusA single stage PID controller consisting of a speed
Derivative (PID) controller [5] is shown in Fig. 1. loop has been used for the closed loop drive system
Because the controller must direct the rotor rotgti PID is simplest and famous controller in Industng a
the controller needs some means of determining thatomation for motor application. The purpose df th
rotor's orientation/position relative to the statwmils. system controller is to minimize the error betwées
This is done by Hall Effect sensors to directly m@a reference speed and the feedback speed. In addition
the rotor's position. The controller contains 3 biimproves dynamic response and behavior of the
directional drivers to drive high-current DC powersystem. The function of the current limiter is to
which are controlled by a logic circuit. Control maintain the motor phase currents at their desired
strategies for three-phase BLDC machines armeonstant value for each 120° interval that a paldic
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phase is energized. The current is limited by 4. DESIGNOF PID CONTROLLER

controlling the switch duty cycle to ensure thatide In practice, the rotor pole pairs. For each rotolep
current ratings and the motor current rating are ngairs, one electrical cycle is completed. So, the
exceeded, especially during start-up conditionkoar number of electrical cycles/rotations equals th@rro
speed operation. The amount of current ripple igole pairs. Table 1 shows the sequence in which the
controlled by the switching frequency of a PwMpPower switches should be switched based on the Hall
waveform. The gate driver is a drive circuitry whic S€nsor outputs [7].

controls the current flow through the MOSFET _ _
switches. Hence the current flow to motor windifgs Table 1 ‘Electronic Commutation’ Based On TheHall-Effect
also controlled. This includes the direction and<nserSignals

magnitude of the current flow.

3. ROTOR POSITION SENSORS AND Hall Signals | Conducting switches
ELECTRONIC COMMUTATION

Unlike a brushed DC motor, the commutation of a|H, |H, |He | S |S |S |S |S | S
BLDC motor is controlled electronically. To rotatee
BLDC motor, the stator windings should be energized | g 0 0 olol ol ol ol o
in a sequence. It is important to know the rotor
position in order to understand which winding vii# 0 1 0 0 1 1| O
energized following the energizing sequence. Rotor
position is sensed using Hall Effect sensors embadd 0 1 0 0 1 1100} 0
into the stator. Most BLDC motors have three Hall
sensors embedded into the stator on the non-driving 0 1 0 110]0 110
end of the motor. Whenever the rotor magr_letic poles| ¢ 0 0 11 0lo0l ol o 1
pass near the Hall sensors, they give a high or low
signal, indicating the N or S pole is passing rbar 1 0 1 0 0 1 0 0
sensors. Based on the combination of these thréde Ha
sensor signals, the exact sequence of commutadion ¢ | 1 1 0 0| O 11 0| O
be determined.
Sensor-less control of brushless dc motor in génera 1 1 1 0|00, 00} 0

and the back EMF method in particular has drawbacks
in estimating the rotor position at very low spesd
the value of the back EMF signal generated from t
stator coil is very small to detect the rotor piosit
The rotor position information is not available a
standstill as the values of generated back EMIeiis.z

Therefore Hall Effect sensor is employed here. Bas or the linear motor control [8].The PID controllir
- - he most common form of feedback. It was an
on this, the motor manufacturer defines the

. . ssential element of early governors and it becime
commutation sequence, which should be followe )
. Standard tool when process control emerged in the
when controlling the motor performance.

: P 18405. In process control today, more than 95%ef t
Each commutation sequence has one of the WlndlngOntrol loops are of PID type, most. PID contraler

energized 1o positive power (current enters inte thare today found in all areas where control is useD
winding), the second winding is negative (currefitse Y . : . o
(?ontrol is an important ingredient of a distributed

the winding) and the third is in a non-energize gontrol system. The controllers are also embedded i

condition. - Torque is produced  because of th any special purpose control systems. PID congol i

interaction between the magnetic field generated gyany spectal purpo: ) y i’ .
gwn combined with logic, sequential functions,
X

h@odel, devise of control Scheme, simulation and

parameters tuning. Hence in this paper a simple PID

controller based speed control has been proposed fo
LDC motor. The PID controller is highly suitable

the stator coils and the permanent magnets. |deal lectors, and simple function blocks to build the

the peak torque occurs when these two fields are : ;
90° to each other and falls off as the fields movgompllcated automation systems used for energy

together. In order to keep the motor running, thfroductlon, transportation, and manufacturing.

o I In spite of developed modern control techniques lik
magnetic field produced by the windings should tshi fuzz?/ logic controIFI)ers or neural networks cogm
position, as the rotor as the rotor moves to cafgh ’

; . . PID controllers constitute an important part at
with the stator field. Every 60 electrical degre®s i qtrial control systems so any improvement ib Pl

rotation, one of the Hall sensors changes the .Stafsign and implementation methodology has a serious
Given this, it takes six steps to complete an 8t ,otential to be used at industrial engineering
cycle. In synchronous, with every 60 electricabppiications [9]. At industrial applications the Pl

degrees, the phase current switching should k®ntrollers are preferred widespread due to itaisob

updated. However, one electrical cycle may no¢haracteristics against changes at the system model
correspond to a complete mechanical revolutiorhef t There is another reason why this project using PID
rotor. controller instead another method. The first is the
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three terms are reasonable intuitive, allowing a nthe magnitude of the overshoot produced by the
specialist grasp the essentials of the controlleritegral component and improve the combined
action. Second, PID has a long history, dating bdack controller-process stability.

a pre-digital, even pre-electronic period and yagie 51. pID Tuning

introduction of digital control has enhanced PID'Styning a control loop is the adjustment of its coht
capabilities. In general the advantages of PlRarameters (gain/proportional  band, integral
controller can be summarized as follows: _gain/reset, derivative gain/rate) to the optimurtuesa

1. PID controllers do not require for the desired control response. The process of
advanced mathematics to design. determining the values of these parameters is known

2. It can be easily tuned unlike Otherzs PID Tuning. If the PID controller parameterse(th

complicated algorithms based on optimal contrg ains of the proportional, integral and derivative

theory. ;
4.1 PID Control Action terms) are chosen incorrectly, the controlled psece

In its basic form, PID involves three mathematica\n.IOUt can b_e u_nstable, I.e. Its output d|verge_$h wr
: . ) . without oscillation, and is limited only by satuoat or
control functions working together: Proportional-

Integral-Derivative. The most important of theseme.Chanic"?1| breakgge. Instability is cau_seq_ by &xce
Proportional Control, determines the magnitudehef t gain, particularly in the presence of significaag.|

difference between the “set point” and the “procesgenerally, stability of response is requireq and th
process must not oscillate for any combination of

variable” (known as ‘error’), and then applies rocess conditions and set points, though sometimes
appropriate proportional changes to the “contrdl P ! g

variable” to eliminate “error”. Many control system gﬁ;ggi dstablhty (bounded oscillation) is accééa
will, in fact, work quite well with only Proportia The trial and error method of loop tuning is emgldy

S:ontro_l. ”Integral Ciontrol exarr_unes” the o_ffset of this broject for the design of PID speed comrol
setpoint” and the “process variable” over time and., . : . :
his method is crude but could help in getting an

corrects it when and if necessary. Derivative Gantr overview of what the PID parameters could be like

monitors the rate of change of the “process vagiabl apd their effects on the whole system model.

ano_l copsequently makes changes to the OUthn this tuning method: First set the Ki and Kd \edu
variable” to accommodate unusual changes.

it to zero. Increase the Kp until the output of theplo
altl = K {e{t}+— [ eftidt+ T df't'} oscillates. Then increase Ki until oscillation stop
P T; g 4 dt Finally, increase Kd until the loop is acceptablyo
(1) to reach its reference. A fast PID loop tuning ligua
Where, e(t) = Set point Measurement(t) is the err@vershoots slightly to reach the set point morekjyi
signal, and Kp, Ki, Kd are constant that are used thowever, some systems cannot accept overshoot. The
tune the PID control loop.Kp: Proportional Gain -effect of increasing the PID parameters is listelbiy
Larger Kp typically means faster response since this the Table 2.
larger the error, the larger the feedback to corsgin Table 2 Increasing the PID parameters
Ki: Integral Gain - Larger Ki implies steady state
errors are eliminated quicker. Kd: Derivative Gain| Parameter | RiseTime | Overshoot | Settling | Steady

Larger Kd decreases overshoot, but slows down Time State
transient response. Error
5.  EFFECT OF INCREASING THE PID K Decreaseg Increases | Small Decreases
RRAMETERS P N 3
Change

The proportional term makes a change to the output
that is proportional to the current error value.eTh

. . S K; Decreaseg Increases | Increases| Eliminate
proportional response can be adjusted by multiglyin
the error by constant Kp called the proportionahga
The proportional term is given is given by, Kq Small Decreases Decreaseg Small
Powte i ot @) Change Change
out= T et
The contribution from the integral term is proportal
to both the magnitude of the error and the duratibn S owerSiage
the error. The integral in a PID controller is than of ‘
the instantaneous error over time and gives the | PWM Output ;
accumulated offset that should have been corrected — == -~ “e [ speeg | 29V PYM ;
preViOUSly. i o Controller Generator i
't % ) T [N Commutation !
I|:|th= Hi | el tidt | YV |
<o i !
) i (3) Hall Sensors
The derivative term slows the rate of change of the
controller output. Derivative control is used taluee Fig. 2. Implementation of PID Speed Controller.
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6. SIMULATION USING MATLAB

The closed loop speed control of a BLDC motor usin
PID controller is simulated using MATLAB 7.9
software package based on the Simulation Circuit &, | aln | ] , :
shown in Fig.2.The test parameters of the motoertak ! | i | i
for simulation are given below.

The calculated gains of PID controller are provided
Table IV. The simulation results for speed refeeenc
input of 1000 rpm with the calculated PID tuning

parameters are shown in Fig. 3.
Table 3 BLDC Motor Specifications

Motor Parameters Values
Rated power 1 KW

No. of phases 3

Rated voltage 400V dc
Stator resistance/phase 2.815
Stator Inductance/phase 0.0085H

Moment of Inertia

0.0008 Kg-m/sec

Rated speed

3000 rpm

The calculated gains of PID controller are provided
Table IV. The simulation results for speed refeeenc
input of 1000 rpm with the calculated PID tuning

parameters are shown in Fig. 3.
Table 4 PID tuning Parameters

PID PARAMETERS
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Fig. 8mulation Results.

7. CONCLUSION
In this paper, the PID controller was used as al vit
technical tool for the closed loop speed control of
BLDC motor drive system. The system controller
design and the parameters identification are based
the simulation carried out on using SIMULINK/
MATLAB. Also the “Trial and Error method” of PID
controller tuning is presented and applied to Hessh
DC motor. This method is feasible due to the unique
and simplified structure of the BLDC motor. The PID
controller thus designed has been simulated and
observed to have good performance. The maximum
overshoot is found to be very less which is a good
result. So a speed controller has been designed
successfully for closed loop operation of the BLDC
motor and the motor runs very closed to the referen
speed.
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