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ABSTRACT

Recently, Brushless DC Motors are finding numerous usages in industrial application due to its added
advantages over other AC motors. This paper basically talks about the speed control of BLDC motor fed from a
standalone Solar PV system with perturb and observe MPPT method to extract the maximum efficiency.
Particle Swarm Optimization technique has been used to find the optimized result for the PI controller. The end
result shows the PSO controller controls the speed of the BLDC motor quite well.
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I. INTRODUCTION

An Electronically Commutated Motor (ECM) or simply a Brushless DC Motor are synchronous
motors whose AC supply is given through a Inverter or a Switching Power Supply to drive each phase of the
motor. The BLDC motor are permanent magnet motors in which solid state switches are used to work as
brushes or commutator.

Nowadays BLDC motor are the most commonly and widely used motors. It has numerous industrial
and commercial application which includes aero modeling, positioning system, electric vehicles, peripheral
devices etc [6]. Its advantages include flat torque over wide range of speed, long operational lives, less bulky,
comparatively quiet, required less raw material to build so is also better for the environment [3].

BLDC motor controlling implements the traditional brushes functionality which needs the rotor’s
position and orientation (w.r.t. stator coil). In it, rotor position can be measured directly by using Hall Effect
sensors or rotary encoder [11]. Back-EMF can be measured by others in the undriven coil to know rotor position,
this eliminates the useof hall sensor, are called sensor less controllers.

There is always been discussion about which controller is good and controls the system most
effectively. There are number of controllers including Fuzzy logic, PID controller, Pl controller, Artificial
Neural Network etc.

PID controller are most widely used one in industries, it has a closed loop system with a feedback path. P
denotes the Proportional Gain which can be achieved by multiplying the error by a constant Kp. We notice a
large change in the output when Kp is high for the same error.

. The system will become unstable when the value of Kp is too high.

. The system will become less responsive or less sensitive when the value of Kp is too small.

I denote the Integral Gain which is achieved by multiplying the error with the constant Kj and adds to the

controller output. It helps the system to move towards a particular setpoint and eliminates the residual steady state
error. D denotes the Derivative Gain which can be calculated by analyzing the slope of the error over time
and multiplying the rate of change with constant Kd. It determines the system behavior and improves settling
time and stability of system.

Optimization algorithms are generally used to find the optimized parameters for the controller. Some of them
are Genetic Algorithm (GA), Particle Swarm Optimization (PSO), Ant-Bee algorithm, Bacterial Forging
Optimization (BFO) etc. GA and PSO are very popular optimization techniques but nowadays many new
techniques has also been analyzing for their feasibility. In this paper, we give a brief description about Particle
Swarm Optimization technique. It was first presented by Eberhert, Kennedy and Shi, based on the social
behavior of the animals such as flock of birds and birds etc. . PSO known as computational method by which
aproblem is optimized by iteration technique to improve thesolution. It is heuristic since it doesn’t make
assumptions about the problem which is being optimized and search through
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a large number of solutions. In this paper it has been used only to get the optimized Pl controller’s parameters
i.e., Kp and Kj [1].

Renewable energy is more preferred nowadays due to environmental conditions. Solar is one of the best
renewable energy sources among others. Solar PV array is best suited for this purpose among other sources of
energyas it is available at every place, it has a long life and require less maintenance [9]. So Solar PV Array with
Perturb and Observe type of maximum power point tracking has been used to extract the maximum efficiency
from the solar array [8]. Thereexist multiple MPPT techniques but many of them suffer from a disadvantage of
slow tracking, end up in reducing efficiency of solar array [5]. Incremental Conductance (INC) and Perturbation
and Observation (P&Q) has been widely used methods.

Il. REVIEW OF METHODOLOGY
The review of the paper shows the controlling of the BLDC motor using the methodology given as below:

DCDC 3-PHASE BLDC
CONVERTER INVERTER | MOTOR

Pl
CONTROLLER

Fig 1. Block diagram of proposed work

A SOLAR PV ARRAY

Mathematical Modeling of PV Cell

A solar cell works on the principle of photoelectric effect i.e., when solar radiations falls on the semiconductor
plate it produces electrical current. Solar Array mainly defines the combination of two or more solar cells
connected either in seriesor in parallel to fulfil the energy requirement. Solar cells are usually connected in
series to produce higher voltage and in parallel to produce higher current than the system.

R ;
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Fig 2. PV cell equivalent circuitlt shows a basic equivalent circuit diagram of a Solar cell.

The equation can be developed to calculate the output current with the inputs of solar array i.e. voltage, solar
irradiationand temperature.

Lon = [y + K;(T — 298)] = 1,/1000 o)
where,

Iph= phase current

Isc= short circuit current

iK = Isc of a cell at 250C and1000

T= working temperature
I;=solar’s irradiation
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Series resistance are taken into account due to combined resistances of contacts, metal grips and p and n layers.
Shunt resistance are considered due to leakage current through p-n junction.

1 lansam =

0.8 KwW/m?2

0.5 KkwWim?2

LLe 0.2 Kwim? \

Current (A)
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Power (W)
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Fig 3. I-V and P-V characteristic of solar array

The fig 2. is short-circuited making the output voltage, V=0 and current is maximum, I=1S/C hence V-I

characteristic can be plotted. When fig 2. is open circuited then output voltage is maximum, V=VO/C and
current, 1=0 hence P-V characteristic is plotted.

B. Maximum Power Point Tracking (MPPT)

Maximum Power Point Tracking / Power Point Tracking can be used to maximize the output power of
the solar cell under all conditions [3]. Solar cell derives a relationship between temperature andresistance which
produces non-linear output efficiency andits analysis can be seen on P-V curve [10]. Now the MPPT is being
used to get the sampled output from solar cellsand therefore proper resistance is applied or load through which
maximum power can be obtained. The power at the MPP (Pmpp) can be calculated as the MPP voltage

(Vmpp)and MPP current’s (Impp) product. The MPPT technique used to calculate MPP voltage (Vmpp) through

temperature of the solar module and then compares it with reference voltage. There is basically no change in MPP
voltage when irradiation is changed, hence its influence can be ignored and the voltage changes linearly when
there is a change in temperature. MPPT mainly regulates the output obtained from the solar pv array and
provide that output to the DC-DC converter or the inverter circuit. The maximum power (Pmpp) can be
calculated by multiplying MPP voltage (Vmpp) and MPP current (Impp).

Now to calculate voltage we have following equation:

vl:n‘pp {T] = vl:n‘pp I:Tret'] + Wmnpp (T - T[‘Ef] (2)

where:

Vmpp= Mpp voltage at stated temperature T ef= temperature taken as reference

T= temperature which is measured

Up= temperature’s coefficient

MPPT have several strategies which can be used to optimize the output power of the solar pv array. One may
implement different algorithms and switch among those based on operating condition of the solar array. Some of
them includes Perturb and Observe, Incremental Conductance, Current Sweep, Constant Voltage, Temperature
Method etc. Among them perturb and observe and incremental conductance methods are the most commonly used
ones. However, this paper deals with the perturb and observe method to extract the maximum efficiency from
the solar array.

In this technique, a minor perturbation is in introduced in voltage to cause the power variation of the PV module.
Then PV output power is periodically measured and compared with the previous power. Now, if output power
increases same process is continued else the perturbation is reversed. So mainly, the PV module voltage is
increased.
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The resulting change of PV power is observed as follow:

O If dp/dv is positive, the perturbation of voltage shouldbe increased from point “A” towards MPP.
O If dp/dv is negative, the perturbation of voltage shouldbe increased from point “B” towards MPP.
O This process is repeated until it is reached to MPP (max pow)where 22 is zero, hence this
satisfiedtermed as steady state. av
O It keeps perturbing the system until a change is detected in the MPP.
P A .
Leftof MPP  5-= 0 Right of MPP
@ d
L dv >0 ﬁ <0
A B
‘;Vmp;; -« =.r
increase Vpv decrease Vpv

Fig 4. Perturb and Observe on P-V curve
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Fig 5. Perturb and Observe flowchartOn the basis of the above P-V curve we can determine the MPP as
follows:

o When an increase in voltage leads to increase in power, this means that the operating point of the PV
module is onthe left of MPP. Hence, further perturbation is required in the right to reach the mpp.
o When an increase in voltage leads to decrease in power, this means that the operating point of the PV

module is onthe right of MPP. Hence, further perturbation is required towards the left to reach the mpp.
Hence PWM duty cycle is increased or decreased to extract the maximum power.
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C...Brushless DC Motor

BLDC motors are permanent magnet motors which uses solid state switches in place of commutators and
brushes. The bldc motors are not only distinguished from other motors by high efficiency but also due to low
maintenance.

Permanent magnet rotor

Winding

Fig 6. Disassembled view of BLDC motor

The construction of BLDC motor is similar to that of AC motors, hance also known as permanent magnet
synchronous motor. The stator winding is similar to those in a polyphase AC motor, and rotor consist of one or
more permanent magnets. BLDC motor incorporates some means to detect the rotor position and produce

signals to control the electronic switches. Hallsensors are hence most commonly used, while some also use
optical sensors.

BLDC motor equivalent circuit is shown below:

:
3 3 3

+-

Fig 7. Typical Equivalent Circuit of BLDC Motor

In this we are considering phase A at the time ofmodeling. Hence equivalent circuit is shown in the figure Vg,
terminal voltage can be taken as V:

La

Ra

- At
Vd
&

Fig 8. Per Phase equivalent of BLDC motorNow phase current in the above model is obtained byapplying
given equations:

Rt

diy _ 1

dr  L-M (“'"a - Ea - Ria) (3)
di [ . )
ﬁ =™ —Ep—Rip) “
dic 1 . ;
ﬂ_:,:m("r_Ec_R‘c) (5)
By using Kirchhoff's voltage law in the above circuit

we get.,

> - di .
Vg =R,i+ L, >+ E (6)
The electromagnetic tofgque. T can be stated as follows:

dw,

T=]_*+Bon+T, ™
Where,

T=total electromotive force (Nm)
J=moment of inertia(Kg-m?)
B=viscous friction coefficient
Wm=rotor angular velocity(rad/s)
Tr=load torque(Nm)
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D. Particle Swarm Optimization(PSO)

The main function of an optimization algorithm is to find the best result for the controller circuit.
Lately, there has been discussion about the effectiveness and usage of optimization techniques. Although the
result of all the algorithms depend upon the size of the particles. But among the many Genetic Algorithm (GA)
and PSO proves to be better. Also, PSO proves to be more efficient and fast as compared to GA for smaller
number of particles. It happens due to the differences in the algorithm in both the optimization techniques.
PSO is an intelligent optimization algorithm which belongs to the meta-heuristic class of optimization algorithm.
It is mainly inspired by the social behaviour of the animals such as birds and fishes. It uses some intelligent agent
called particles which is used to reach another level of intelligence.
Now every particle has a lla_osition (Xi) in the search space denoted by;
Xi t= (xi1 xi2 xi3...xin)
And the velocity (Vi) which describes the movement in the sense of direction and distance denoted by;
Vi U= (viLviavia...vin)
Every particle has a memory of its best position in the respect of position and velocity which is known as
local best orpersonal best denoted as Pbest. The common best experience among the whole swarm is known as
global best denoted as Ghest. These vectors are also updated for the dimension i.e. j, according to the given
equation.
So, the velocity can be updated by the given equation:

Vi7" = wVjj + cpri|pbesty — Xjj ) + cpri(gbest; — Xjj) (%)
And, the position can be updated by the given equation:
AT EXN VT (9)
where, i=1,2...P =1.2....n.
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Fig 9. PSO Algorithm for tuning of BLDC Motor Controller

The equation 12 consist of three components i.e., Inertia term, Cognitive component and Social component. All
the three components help in updating the velocity for PSO.
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I1l. RESULT AND CONCLUSION
This paper deals with the speed control of BLDC motor fed from a solar PV array using Particle Swarm
Optimization technique. So, a comparison has been made between the two model i.e., model of a BLDC motor
with PSO and model of motor with solar array and PSO.

A Model of BLDC motor with PSO
The entire system has been provided a set voltage source in this case. In this model, a PSO was used to determine
the optimal parameters for the PI controllers, Kp and Ki, which help control the speed of the BLDC motor via a

three-inverter.

Continuous

Controllert
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Fig 10. Model of BLDC motor with PSOThe parameters for the simulation can be stated as follows;

BLDC motor parameters

PSO parameters

R 0.7Q 0.9

L 2.72e-3H cl 0.12

U 0.8e-3kg.m? c2 1.2

F 1le-3N.m. s Number  of 50
particles

P 3 Maximumiteration [0

Table 1. Simulation Parameters

These parameters can be changed according to the requirement and usage. The parameter for theoptimization
technique canbe increased to get the better results.

B. Simulation of BLDC Motor with PSO
When the system is coupled to a fixed voltage supply, the rotor speed of the BLDC motor is shown in the

diagram.
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B BLIC Motor rotor speed with PSO
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Fig 11. BLDC Motor Rotor Speed with PSO

PSO finds the most optimized result for PI controller to control rotor speed. Reference speed has been set to
1000rpm and the optimized value for Kp =0.1850 and Kj =18.3602 and system took approximately 0.6 seconds
to reach the steady state and rise time. Result does have maximum overshootand transients as can be clearly seen.

C. Model of BLDC motor with Solar PV Array and PSO
A solar PV array has been added to the system to provide power to the entire setup. Using the MPPT approach,

the array's maximum efficiency may be retrieved. To produce the desired output for the 3-inverter, a dc-dc
converterwas also used.

Deblock
Conwverters

Boost Converter
Control (MPPT)

Irmdaince
(W/m2)

Output_Vokage

Voltmeter
Temperature
(Deg. C) PVATay Boost Converter
Trina Solar TSM A0S
10-mo:
4 parallel strings

Fig 12. Model of BLDC motor with solar array and PSO

D. Simulation of BLDC Motor with Solar Array and PSO

In this, unlike of the previous one solar PV array hasbeen used to power the system with all the other parameters
keeping same and reference speed has been set to 1000rpm.

Although some new techniques has been used as shownin the fig 10. DC-DC converter has been used to get the
desired input for the inverter system. Using these techniqueshave relatively improved the result. Hence, in this we
are notfacing any problem related with the maximum overshoot orthe transients. In the results, there is no
overshoot and no transients, rise time has also been decreased to as low as 0.25 seconds as shown in the fig
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BLDC motor rotor speed with solar PV array & PSQ
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(d) Output voltage

QOutput Voltage
[

voltage in volts
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Fig 13. Graphs of BLDC motor with solar array and PSO

Fig 12(a) shows the rotor speed for BLDC motor with a rise time as low as 0.25sec. Fig 12(b) shows stator
current with apeak value of 60A. Fig 12(c) shows torque and Fig 12(d) is output voltage with a value of 120V.

ReferenceSpeed (nref) With PSO With PSO & Solar PV array
Rise time (tr) Overshoot(%) Rise time (tr) Overshoot(%)
1000 rpm 1.5 sec 19.88 0.25 sec 0

Table 2. Comparison of both the models at speed

Above table shows the comparison of rise time of rotor speed for both the models at 1000rpm as reference
speed.
E. onclusion

In this paper, a comparison has been shown between model of BLDC motor with PSO and model of
BLDC motor with solar PV array and PSO. The rotor speed of the BLDC motor of both the models has been
compared. The graphs show that the rotor speed of BLDC motor with solar array and PSO has a good speed
response with no overshoot and less rise time when compared with the other model. Hence, the result shows that
the Solar fed controller based on PSO can control the BLDC motor speed quite well.
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