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Abstract: The improved transient response of PID controller for improved Luo converter supplied Brushless DC (BLDC) motor using solar
energy source is extensively investigated. The BLDC drive uses a hybrid PV system and battery-based power generation as a power source
to assure continuous power supply to pump water regardless of solar insolation. The PV system serves as the main energy source, and the
battery providing as a backup source that discharged its power only during inclement weather or at night if the photovoltaic panel is
insufficient to operate the centrifugal pump. The solar panel feeds power into the battery, whenever water to the field is not required, thus
there is no need for an extra power source to charge the batteries. The high output voltage gain DC-DC converter does not make any discomfit
to the system performance in regards to irradiance variation, switching loss, or power loss by converter or motor side respectively. Moreover,
current sensor, voltage sensor, and control circuits are completed excluded which enhance performance and the cost of the system get reduced
effectively. A bidirectional charging control allows a bi-directional converter to alter the battery operation mode automatically. The overall
system performance is validated using simulation and experimental setup.

Keywords: Evolutionary Algorithm, Renewable Energy, DC-DC converters, Optimization technique, PID controller, system
control.

I. INTRODUCTION

Due to cost reduction power converters increasing the rate of production in a wide range of applications for the past
few years. To satisfy the energy demands usage of fossil fuel drastically increased for various applications which
emerge to invite the use of alternate energy resources. Among various energy resources [1], solar has become very
popular and has many advantages over other sources like portability, long life span, etc. The output response from
the PV panel is unsteady and not enough to fulfil the reasonable requirement because its outcome is completely
dependent on irradiation level and temperature of sunlight [2]. The intermediate section of solar and BLDC drive via
VSI is completely accomplished by DC-DC converters. Various classical converters topologies like a buck, boost,
and buck-boost converter, where transfer gain ratio of voltage gets restricted by increasing the duty cycle ratio cause
switching stress on semiconductor devices and power diodes. Nowadays, the voltage lift technique [3] - [4] is
successfully employed in DC-DC converters to get high voltage gain with less parasitic components. In addition to
that, it also has a lot of advantages over basic converters like low output ripple current, small in size, no inrush current,
and high-power density [5] - [6]. In this work, Positive Output self-lift Luo converter plays a vital role in energy
conversion from low and non-linear nature of solar input voltage into high and linear output voltage respectively. The
non-linear nature output from the solar panel further affects the dynamic performance of the converter. Hence, for a
better result from the converter side, efficient closed-loop control methods are implemented.

Many control techniques are utilized for several converters such as PID, pole placement, LQR method, etc. [7]- [9]
which are now used along with optimization techniques to enhance the system performance. Various optimization
algorithms are discussed in several kinds of literature [10]- [13] like genetic, particle swarm optimization, cuckoo
search, fireflies, etc. is introduced based on the behaviour of creatures, movements, their lifestyle, and thereby
mathematical model is arranged to solve the current issues. To calculate the control parameters, the plant should be
modelled using steady-state analysis [14]- [15]. One of the most common and effective approach involves state-space
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averaging to find the system model but is not suited for a higher-order system. Generally, voltage lift circuit-based
converter using a large number of parasitic elements which attain higher-order model, so that the system complexity
will be more. Hence the work is focused to design the system employing a reduced-order model [16]. In general, a
traditional method of ZN- PID controller is implemented in an industrial application cause of its robustness and
reliability. In this work system stability is verified through ZN-PID and a range of gain parameters values are found
out for the proposed Firefly algorithm. PID controller along with Firefly (FF) Algorithm is discussed here which are
more efficient and fast convergence of the optimal solution.

The work contributes to optimizing the performance of converter using Firefly algorithm for speed control and smooth
starting of BLDC drive. To reduce the computational complexity of high-order circuits, the proposed converter
employed a reduced-order state-space model for modelling. Moreover, the output responses of the converter reaches
steady-state quickly, ripple-free, and without evidence of any undershoots or overshoot which makes the system is
more suitable for drive application. The combination of optimized high gain Luo converter and BLDC drive possess
better performance for the required application under dynamically changing weather conditions. In the existing
system, control circuits are needed to sense the voltage and current across the BLDC motor to control the speed, it
raises the cost, produces energy loss, and complicates the circuit. To overcome these disadvantages the system
completely excluded the additional control circuits and adopting the fundamental frequency of VSI through electronic
commutation to diminish the switching losses which improves the system efficiency.

The effort is primarily focused on providing a constant power supply to the BLDC for the hired during periods of low
solar irradiation. This can be attained by utilizing an alternative source of energy like a battery through a bi-directional
converter [17]. The battery which collects and stored itself by charging through regulated dc supply from the converter
and supplying the electric energy by discharging itself to the load under required operating condition. The bi-
directional converter [18]- [20] is used to provide charging and discharging control of the battery and power is
transferred among two DC sources. Closed-loop regulation of a high gain Luo converter with an optimised control
approach is an appropriate and desired combination and BLDC motor provides to enhance the system performance
in terms of efficiency, cost-effectiveness, and reliability for the required BLDC drive applications. In case of poor
weather conditions, the battery backup storage is rendered for continuous power supply to the motor drive and it
yields additional support for the system. The simulation results followed by experimental results, demonstrates the
dynamic behaviour of converter, starting and running condition of BLDC under dynamic weather conditions.

The organization of work is as follows: In section 1 elaborates an overview of the design brief, section 2 demonstrates
the configuration and operation of high gain Luo converter, section 3 describes the designing and modelling of
optimized high gain Luo converter and reduced-order state-space model, section 4 illustrates the proposed work
control techniques section 5 describes the investigation and validation of the results, section 6 and 7 discussed the
completion of work and references respectively.

II. CONFIGURATION AND OPERATION OF PROPOSED WORK

The system contains solar panel, high gain converter, Voltage source Inverter (VSI) and BLDC motor. In-built
encoder is present in BLDC motor for electronic commutation. The designing and specification of solar panel for this
application is already discussed in reference [21]. The pulse generator is used to produce the PWM pulse to operate
the optimized high gain Luo converter. The unregulated dc output voltage from PV panel is given to high gain
converter that converts into regulated output voltage with the support of proposed Firefly algorithm. The classical
controllers are failed to providing better results; hence the work is focused to utilize the Firefly algorithm for tuning
the control parameters to improve the system performance. The Brushless DC (BLDC) drive receives the controlled
and regulated output voltage via a Voltage Source Inverter (VSI), which changes the fundamental switching frequency
to efficiently decrease the switching loss. The non-regulated voltage is fed to the Firefly (FF) algorithm to get
optimized actual AD value and compared with high frequency reference carrier signal to get PWM pulse
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Practically, small amount of power loss appears across the converter due to usage of passive components and it is fed
to VSI that converts the regulated DC to AC power supply and given to BLDC motor. In order to eliminate switching
loss associated with VSI using fundamental frequency through electronic commutation of drive. Electronic
commutation is a process of activating VSI's IGBT switches with pulses based on hall signal generated by hall sensors
using in-built encoder. PWM pulses are initiated as the magnetic poles of the rotor get closer to the hall sensors.

v

<€— HALLSIGNAL

The hall signals may low or high to activate switches of VSI. Hence there is no control circuits are needed to senses
the current and voltage to manage the speed of motor. In addition, battery is connecting to common dc bus through
bi-directional converter. The function of bi-directional converter is dual power flow between battery and dc bus.
When absence of solar irradiance battery is allowed to provide required supply to the drive and in case of high
irradiance level the excess power stored in the battery itself. In this way system performance is improved under
dynamic operating condition.

III. DESIGNING AND STEADY STATE ANALYSIS OF HIGH GAIN DC-DC CONVERTER

It is a topology for sophisticated dc-dc converters [21] using voltage lift technique with single switch S1. The self-
lift Luo converter in which the capacitor C achieves voltage lift in the exploration version of the basic Luo converter
is illustrated in fig.2. a. It offers several prevalence than the basic converters such as low ripple voltage, low inrush
current, high voltage conversion, high power density, simple structure etc. Additionally, one more inductor L2 is
included for increased the voltage under peak demand condition.

Ro

Figure .2. a. Circuit diagram of high gain Luo converter
A. Mode 1: (Continuous Conduction Mode)

The potential drop throughout the inductor in steady state is zero over a period of time. Hence V; = V,,, and V¢ =
V5. During T- ON the source instantaneous current I, = I;; + I + I¢. Inductor L, absorbs energy from the source.
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In the meantime inductor L absorbs energy from source and capacitor C. Both currents I;; and [ starts to increase,
and C; is charged to V,,, = V¢q
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Figure.2. b. Switch on condition of high gain Converter

Where V¢, and V are the voltage capacitor C; and C respectively. The input voltage is represented as V},,,. At the

same instant source current will be
Ly =1, +I,+1I,, e (3)

L, is the input current of converter. The inductor current L, L, is taken as I, , I; and V¢, is the voltage drop across
the capacitor C;. The permitted ripple current discharge by way of the inductor L, L, is defined as

DTVyy
A, ==—]F e 4)
L —— )

L

Where Al Al;, and Al is the ripple current of inductor L, L, and L, respectively. Duty cycle ratio of converter is
D and total time period is defined as T. The ripple level is considered to be 10% to 30% of the total load current in
this case.
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Figure.2. c. Switch off mode of optimized high gain Converter

During T- OFF condition, the source instantaneous current I,, = 0. Current I, flows through capacitor C and diode
D to charge capacitor C;. Inductor L, transfers its stored energy to capacitor C. At the same instant, current I; flows
through the C, — R, circuit, the capacitor C and diode D, to keep itself continuous. Both currents I;; and I, starts to
decrease. The peak-to-peak variation ratio of capacitor voltage which are used to designing the capacitor value V¢,
and V;

(1-D)T
We, =S, (©)

_ (1—D)T(1L+1L1)

AV, -

Where I, + I, = Ly, AV, and AV are permitted ripple range of capacitor value C and Cy, it is considered to be 1%
to 3% of load voltage. In this case T-OFF is the switching-off duration of converter is denoted as (1-D) T, duty cycle
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ratio of converter is D and total time period is defined as T. Inductor current is denoted as I, and I, .Input solar current

is taken as I,,.

The variation of inductor current is

D Ry

R ®)

ng 2fLeq

Where L, = L

Ly+L

The output voltage variation ratio is

D
£= 2
8Vgf2CoL

The duty cycle represented is D, R, is the load resistance and C, is the dc-link capacitor, V; is the transfer gain ratio
of voltage, switching frequency is denoted as f, L., is the addition of inductor L and L, and it is represented as
equivalent value of inductor. The additional capacitor C; rather than elementary circuit which helps to lifts the voltage
to high value and assumed the value to be larger enough so that

Vo=V =V e (10)

The current in inductor /;, and [, are high during T-ON condition and low in T-OFF condition. The voltage through
inductor Ly is Vp,, and (V, — V,,,).Then the equation will be

DTVpy = (1 =DIT(Ve, = Vp) ~ =oeereeeeeees (1n)
By solving the above equation

Ve, =2 e (12)

17 1-p
Similarly, the voltage across L are (Vp,, = Ve, — VDC) and - (VDC - Vp,,)
DT (o = Ve, =Voe) = A =DIT(Voe = V) woeeeeeeeeees (13)
After simplifying (11) and (13), the voltage transfer gain

y=Ypc_1 (14)

9 Vpy 1-D

Where Vj is the output voltage of dc link capacitor.
B. Mode 2: (Discontinuous Conduction Mode)

The optimized high gain Luo converter is operated discontinuous mode in the mode 2. During T-OFF condition, duty
cycle D is small, the diode current D, become zero or switching frequency is small. In this mode the variation ratio
of diode current { is greater than one

L (15)

o >
. D R . . . o . _
Since ;V;zf—oL,Where Ry s the load resistance, duty cycle ratio of converter D, V, implied as voltage gain, switching

frequency fand L is expressed as the main inductor of converter.
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Table 1 Parameter of optimized high gain Luo converter

S1.No Parameter Rating
1 Input voltage (Viy) 30V
2 Output Voltage 120V

Vour)
3 Inductor (L, L;) 7.141Mh
4 Inductor (L,) 3.569mH
5 Capacitor(C4,Cy) 1.2uF,22uF
6 Switching 20KHz
Frequency (fsy,)
7 Input power (P;,) 746 W
Output power (P,) 800W

By using the equation (4), (5), (6) and (7) the design values of inductor and capacitor values are calculated.
C. Reduced order Model

It is a very effective method [22] for analysing high gain converters and are derived for optimized high gain Luo
converter. The reduced order model of converter is explained as follows.

At mode:1
i, _Y%po
ATon L1 (16)
A VYo
dTon Lo a7
@pc _ Py _Vpc (18)
dTOTl CO ROCO
At mode 2:
diLl — (1_D)va _ ®-vvpc (19)
dTOff Ly Lq
diLz — (1_D)va _ ®-vpe (20)
dToff Ly Ly
dVpe _ 1-D, 1-D
B T e O 21
dTorf  Co L ReCo D€ @D

The on-time and off-time periods of switches are represented by T,,,, and T, ;. The load resistance for the reduced

order analysis is considered to be R,. The state space model is obtained in general as
x(t) =pix(O) + 1V ,5=1 e (22)
X(t) = pox() + g2V , 570 e (23)

Where x(t) is the input variable, p,, q;and p,, q, are the matrices of co-efficient, s=0 says switch-off position and
s=1 says switch-on position of converter. By using the above estimated equation (16) to (21), the co-efficient matrices
can be defined as

0 0 O
m=> 90 9 e (24)
0% we
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The output equation is defined as
y®)y=[0 o 1lx@®». e (28)

The closed transfer function of the system using reduced order model is obtained as

2.545e7

O e —— (29)

$2+454.55+7.273e®
IV. CONTROL ALGORITHM

A. Charging Control of Battery

As illustrated in Fig. 1, a bidirectional energy transfer between both the DC bus and storage batteries is performed
using power transfer management through bi-directional DC-DC converter. A voltage regulator regulates the DC bus
voltage, V;..r is the BLDC motor rated DC voltage, which is 120 V. The current regulator controls its battery's
charging/discharging current as I,.;. In current and voltage regulator, a PI controller is utilised to generates duty cycle
which is then turned into a PWM signal for the bi-directional converter through common DC-bus.

' — @t

Vact

I > ty
Vref el —_— o

The bidirectional converter operates whether in buck or boost mode at the same time. The voltage of common DC
bus controls the operation mode. During night, the solar irradiation is reduced or totally absent causes fall in the
voltage of common DC bus. At the time, the controller maintains the reference voltage at its pre-set value by driving
the bi-directional converter in charging mode and permitting energy flow from the rechargeable batteries to the DC
bus, substantially discharging the battery. In charging mode, only the device t, is active, whereas a boost mode
operating bi-directional converter circuit is accomplished by a diode in anti-parallel on device t;. A system voltage
rises once the solar energy is available when there is no water pumping is required. Battery charging taking place
when the control circuit maintains the reference voltage by driving the bi-directional converter in alternate mode and
allowing energy to be transferred from the common DC bus to a rechargeable battery. The gate t; is turned on in this
instance, and an anti-parallel diode from t, is used to construct a circuit of buck converter. If a PV panel provides
enough power to drive the pump at maximum capacity, the battery is turned off and there is no storing or draining of
the battery. Therefore DC bus voltage is maintained at 120 V, regardless of whether the battery is getting
charged/discharge or idle.
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B. ZN-PID Control Algorithm

The major goal of the controller design is to reduce the error difference between the actual and reference values. PID
controller block in proposed work is to compensate the error signal generated by the comparator. Effective tuning of
control signal is an important aspect to design the control parameter. The tuned control signal generates duty cycle
related to error signal which is given to high gain converter. The mathematical expression for PID controller in
continuous time is defined as

(D) =Kple® + 5 edt + Ty Ze®] e 27)
The error signal is given by

eW)=Veeg =V, e (28)
The transfer function of equation (1) is expressed as
r(s) = [k,, + % + de] e(s) e (29)

Where k,, is the proportional gain of converter, T; is the integral time and T is the derivative time.V,.; denotes the

reference voltage, I/, is the actual voltage from the plant and r(t) is the control output of plant. The simple ZN -PID
tuning rules are shown in table II. This the most accurate method for tuned the control parameters effectively. The

critical gain P, = %’T where o is the natural frequency of oscillation of converter [25].

Table. 2 Tuning formulae for ZN-PID controller method

S1.No Parameter Rating
Proportionality gain (K,) 0.45P,,
2 Integral Time (T;) 1
ﬁ P, cr
3 Derivative Time (Ty) 0.125P,,
C Firefly-PID Control Algorithm

Use For this dynamic plant ZN-PID controller is suitable to get the initial value which is not for optimal value. Hence,
the proposed work approaches to new smart nature inspired heuristic algorithm as Firefly (FF) algorithm. Commonly
three basic rules are followed to design the algorithm for the work. (i) Consider all flies are unisex (ii) Attraction and
brightness are proportional to each other(iii) The objective function is determined by brightness of flies. The step by
step procedure of Firefly algorithm is

Input: control parameters Ky, k; and K; ,

Output: Reduce the transient response and steady state error
Step:1 Initialize input values I, y, B, o, f(x), N

I-Light intensity

y-absorption co-efficient

a-randomization parameter.

[B-attractive co-efficient

r-distance between two flies(values)

f(x)-objective function, where x= (X1, X2.... Xn)"
N-Population size
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Step:2 Assign constant values to get optimum solution for the plant
Select r = 0 for best solution, y=1, o =0.2, f=0.2, N=25

Step:3 Initialize the position x; and distance between two flies is calculated using the formula

Tij = ”xi - xj” = /2%:1(951'” %) e (30)

Where 7;; -distance between two values in i and j™ position. x;x; current location of two nearby values.
Step:4 Calculate error criterion value to minimize the error for tuning parameter.

Step:5 Check condition I; < I; .The light intensity of j* position value is lesser than i position, so flies(values) move
towards j to i and update the new value using the formula.

2
xP* = xP + Boe VT (xP — F)tee e (31)

2
Boe i (x — x") — Attractive co-efficient

a €;-random movement of value.

p+1

P** =new location of value, x7-present location of value

X
Step 6: Calculate and update new intensity value.
Step7: Now ranking the global best solution of control parameters. Repeat 5,6,7 until optimal value converges.

The objective function of Firefly control algorithm for tuning the PID gain parameters is defined as

ISE=["e2()dt e (32)
ITSE=[Tte?()dt e (33)
IAE=[Ple(®lde e (34)
ITAE=[tle(®)ldt e (35)

The equation (32-35) depicted the objective function which is subjected to minimize the error indices.

Table 3 The value of Firefly-PID control parameters based on objective function

Tuned Tuned Error criterion indices
Techniques | parameters ISE IAE ITSE ITAE
K,

T

ZN-PID 120 0.0048 0.0321 0.0006 0.078
Ky
0.075 |
Ky
13 |
K;
Firefly-
PID —7 2864x 104 0.0024 0.0314 0.0001 0.0795
Ky
0.0075
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The table 3 discussed the error criterion of each control parameter of PID controller, among that ITAE yields better
performance. Firefly optimized the Kp, Ki and K4 parameters of continuous time PID Control algorithm hence that
the closed loop control system could be executed at the highest efficiency. Moreover, the best solution of gain
parameter converges at 14" iteration out of 30" iteration and error value reduced to zero (3.2365e-15). From the table
IV, it is observed that ITAE objective function provides the fastest settling time, lowest steady state error and no
overshoot or undershoot by means of Firefly based PID gain parameter optimization.

Table 4. Performance evaluation of optimized high gain Luo converter using Firefly algorithm

Tuned Rise Setthn g | Peak Steady Outpu
. . time oversho | state t
SI.No | technique | time .
s (secs) (secs) ot Error(V) | ripple
(%) V)

1 ZN-PID 0.52 0.72 0.01 0.02 0.01

2 Firefly- 0.09 0.19 0.001 0.01 0.001
PID

V. SPEED CONTROL OF BLDC DRIVE

The speed control of BLDC motor is attained through electronic commutation using VSI. It means that changing the
flow current through the stator winding in pre-defined manner using decoder logic. According to the rotor position,
the in-built decoder generates hall signals is tabulated in [26]. Six switching pulses are generated for VSI utilizing
various configurations from these three hall signals. Every 60°, hall signals are generated in particular combination
of VSI switching for each rotor position. The conduction loss is reduced by operating the VSI in 120° conduction
mode and also VSI adopting fundamental frequency switching results, high switching loss is eliminated which is
rendered by electronic commutation of BLDC motor [27]. The speed value of BLDC drive is based on using
fundamental frequency of VSI through which output dc-link capacitor value is estimated. The Cy value is defined as
[23]- [24]

Co nigh = 1o/6 X wpign X AVpc
CO low™ 10/6>< Wiow X AVDC

The dc-link capacitors Cy ;g and Cy 4y, correspond to the high and low speed values of a BLDC motor, respectively.
AVpc is the maximum ripple output voltage and wp;g, and wy,,, are the high and low values of fundamental
frequency. From the two equation (31) and (32) the highest capacitor value is selected for satisfactory performance
even under poor irradiance level.

VI. RESULT VALIDATION AND DISCUSSION

The table 4 illustrates the performance indices ZN-PID controller and FF-PID control algorithm. Initially the system

is tuned with traditional controller and then the value is optimized using Firefly (FF) Algorithm thereby system
reliability and stiffness of output voltage regulation is well improved. The performance of converter is verified that,
it works under continuous conduction mode with minimum switching stress on power semiconductor appliance is
illustrated in fig.4.a and performance comparison shown in fig.4.b.The random changes of solar input such as 29V-
30V-31V and the converter yields the output voltage of 120V with duty cycle ratio of 0.65 at a 20 KHz operating
switching frequency. Whenever the step change of solar input is taken place, response of converter does not sacrifice
its performance and it reaches its steady state quickly of about 0.09 secs to its nominal value of 120V which shows
the system stability and robustness. The high gain Luo converter is integrated with non-linear nature of solar panel,
so that closed loop controller is implemented with the help of optimized control algorithm (Firefly algorithm) for
efficient working. The required output voltage should maintain its constant value to meet the load demand under input
and load variation. It is clearly notice that the output response of converter is stiff, regulated, efficient and reliable
under variable input voltage and load variation.
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Figure 4.a. Output response of optimized high gain Luo converter of input voltage variation using FF-PID
controller method input voltage, output voltage, Inductor current iL iL;and iL, and output current.
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Figure.4. b. Comparison of output response of ZN-PID and Firefly —PID controller
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Figure 5. Firefly convergence characteristics
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Figure.6. a. Output voltage of optimized Luo Figure.6. b. Output voltage of optimized Luo
converter using ZN-PID controller technique converter using FF-PID controller technique

The fig.5 illustrates that the firefly convergence graph and it seen that the value of error completely zero.The fig.6.a
and fig 6.b.demonstrates the output voltage of proposed high gain Luo converter using ZN-PID and FF-PID controller
method.The output voltage reaches it steady state value of 100V with the delay of 0.8 secs is depicts in fig.6.a. The
gain parameters of ZN-PID controller are computed manually and are used to tune the values to get optimal solution.In
fig.6.b shows the optimized output which attained its steady state value of output voltage without any evident of
overshoot or undershoot and it settles at 0.3secs. It is clearly observed that converter can able to track the reference
voltage 100V in efficient manner.The non-linear characteristics of solar input is regulated with help of dc-dc converter
using optimized algorithm.Here partial shading is not considerd for analysis.The work focuses on improving the
performance the converter with control algorithm optimization and leads to provide proper power supply to run the
drive under poor solar irradiance condition.

Figure.7.0utput current of optimized Luo Figure.8.Switching pulses of optimized Luo converter
converter using FF-PID controller technique using FF-PID controller technique

The output current of proposed Luo converter using optimized technique is illustrated in fig.7.In contrast with
classical converters, current obtained across the voltage lift converter has ripple free and continous output current
which ensures smooth starting of BLDC drive through VSI.For optimal operation of converter the duty cycle is
adjusted to required output voltage. The duty cycle D=0.65 is taken for the output voltage of 100V and it is exposed
in fig.8.
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Figure.9.Output voltage of Voltage Source Inverter Figure.10.Hall sensor signal and stator current of

(x-axis 0.1sec/div y-axis 1rpm/div) BLDC motor
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The fig.9.presented the output voltage of VSI in a single channel is shown. The fundamental switching frequency is
given by the electronic commutation circuit of BLDC drive. It is obviously clear that, the regulated DC output voltage
from the converter is converted into regulated AC voltage using VSI in proper manner without any overshoot or
undershoots. The three hall signal are shown in fig.10 that are generated based on rotor position and uniform output
current of drive without any ripples is also shown in fig.10. The execution of BLDC motor is not affected under any
dynamic climatic condition i.e. input variation or load disturbance.

“## Agilent Technolagies MON 033505 2016
0 5005/ @ 500¢/ @ ] #¢ 1.124s 20008/ Stop 5 @ 163V

PRPR(T ). 20mV. Miax2 ). 133V [Frea(l JLow signal

oo Persist Clear Clear <> Grid Vectors
= oo Persist Display 49% 3

Figure.11.Speed waveform of BLDC motor at 2500 rpm irradiance level of 1000 W/m? (x-axis 0.1sec/div y-
axis 1000rpm/div)

The speed waveform of BLDC motor under variable irradiance level is delineated in fig.11 a. and fig.11. b. It is
evidently observed that, by improving the enactment of converter, the BLDC motor attains smooth starting, reaches
it steady output at 0.4secs and minimized the oscillation in effective manner. When maximum irradiance level of
1000W/m? the speed of motor reaches its rated speed of 2500 rpm and under minimum irradiance level of 200W/m?
the motor reaches its minimum speed of 1100 rpm.

Table.5 Efficiency evaluation of optimized high gain luo using firefly algorithm

Solar Py (W) | Pioga (W) n(%)
Irradiation | Vi, (V) | Vour (V)
(W/m?)
200 24 120 135 108 80
400 29 119.9 235 194 82.5
500 30 120 376 315 83.7
600 31 120.01 474 416 87.7
800 32 119.9 695 612 88
1000 32 120 782 746 953
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Figure.12.Efficiency curve of optimized high gain Luo converter with different insolation level
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Figure 13 Hardware Module

The experimental values are taken for evaluating the efficiency of proposed converter fed BLDC drive. The Table 5
and the fig.12 describes the efficiency of solar fed converter for BLDC drive application using Firefly algorithm under
step input change and various load condition. The hardware developed is as shown in fig.13. Moreover, it is noticed
that, although the random variation of solar radiation regarding its input voltage variation, output voltage from the
optimized converter, and its efficiency is tabulated in Table V. It also stated that, at maximum irradiance of 1000
W /m? it reaches the efficiency of 95.3 % and minimum irradiance of 200 W /m? it attains the efficiency of 80% .

VII. CONCLUSION

In the proposed work, solar array based optimized high gain Luo converter for BLDC drive application is validated
through simulation followed by experimental results. The gain values of PO-SL Luo converter are obtained through
ZN-PID controller and that are optimized by employing FF control algorithm. The converter transient response is
analysed despite of dynamic weather and variable load condition. Moreover, the system performance is justified under
various desired function such as by implementing closed-loop control using FF algorithm for high gain Luo converter,
no additional control circuit is utilized to controlling the drive speed and VSI adapts fundamental switching frequency
thereby reducing the switching losses resulting reduced circuit complexity and cost effectively. In addition, the
voltage-lift technique is employed to increase the low solar panel input voltage to high voltage with no ripple and
attain high efficiency using PWM converters by controlling the duty cycle of Firefly algorithm. For an additional
support, backup battery storage device assures the continuity and reliability of the power supply to the BLDC drive
via bi-directional converter.

REFERENCES
[11 Lu Huayong, Yuan Yue. Solar power technology J. Jiangsu Electrical Engineering, 2008,27 (1) :81-84

[21 M.Kolhe, 1. C. Joshi, and D. P. Kothari, "Performance analysis of a directly coupled photovoltaic water-pumping system,"
IEEE Trans. Energy Conv., vol. 19, no. 3, pp. 613-618, Sep.2004.

[31 Luo, F.L.,and Ye, H.: ‘Advanced DC-DC converters’ (CRC Press, Boca Raton, FL, USA, 2004)

[4] Luo, F.L. and Ye, H. (2007) ‘Small signal analysis of energy factor and mathematical modeling for power DC-DC
converters’, IEEE Transactions on Power Electronics, Vol. 22, No. 1, pp.69-79.

[51 N. Arunkumar, T. S. Sivakumaran, K. Ramashkumar, R. Shenbagalakshmi, “Analysis, Modeling and Simulation of State
Feedback Control for Positive Output Super Lift Luo Converter”, Circuits and Systems, 2016, 7, 3971-3983

[6] Chilambarasan.M, Latha Devi. M, Ramesh Babu.M, “Design and Simulation of Self Lift Positive Output Luo converter
using Incremental Conductance Algorithm for Photovoltaic Applications’ Applied Mechanics and Materials Vol. 622
(2014) pp 51-58 © (2014)

[71  N.A Selamat, F.S Daud, H.I Jaafar and N.H. Shamsudin, "Comparison of LQR and PID controller tuning using PSO for
Coupled Tank System", Signal Processing & Its Applications (CSPA) 2015 IEEE 11th International Colloquium on, pp.
46-51, Mar. 2015.

[8] M. Namnabat, M. Bayati Poodeh and S. Eshtehardiha, "Comparison the control methods in improvement the performance
of the DC-DC converter," 2007 7th Internatonal Conference on Power Electronics, Daegu, Korea (South), 2007, pp. 246-
251, doi: 10.1109/ICPE.2007.4692386.

34



(9]

[12]

[13]

[14]

[15]

[19]

[20]

[21]

[22]

(23]

[26]

[27]

J. Electrical Systems 20-2s (2024): 21-35

P. K. Yadav, R. Bhasker, A. A. Stonier, Geno Peter, A. Vijayakumar, and V. Ganji, “Machine learning based load
prediction in smart - grid under different contract scenario,” IET Generation Trans &amp; Dist, p. gtd2.12828, Mar.
2023, doi: 10.1049/gtd2.12828.

K. Krishna Kumar and D. E. Goldberg, “Control System Optimization Using Genetic Algorithms”, Journal of Guidance,
Control and Dynamics, Vol. 15, No. 3, pp. 735-740, 1992.

S. Das, I. Pan, S. Das and A. Gupta, "A novel fractional order fuzzy PID controller and its optimal time domain tuning
based on integral performance indices", Engineering Applications of Artificial Intelligence, vol. 25, no. 2, pp. 430-442,
2012.

S. Bassi, M. Mishra, and E. Omizegba, “Automatic tuning of proportional-integral-derivative (PID) controller using
particle swarm optimization (PSO) algorithm,” International Journal of Artificial Intelligence & Applications, vol. 2, no.
4,p.25,2011.

Mo Yuan-bin, Ma Yan-zhui, Zheng Qiao-yan “Optimal choice of parameters for firefly algorithm,” Fourth International
Conference on Digital Manufacturing and Automation, pp. 887 — 892, June. 2013

X. S. Yang, “Firefly Algorithms for Multimodal Optimization”, in Proceedings of the Stochastic Algorithms: Foundations
and Applications (SAGA ’09), Vol. 5792 of Lecture Notes in Computing Sciences, Springer, Sapporo, Japan, October
2009, pp. 178-178.

V. Arun, A. A. Stonier, S. Prabhu, and Geno Peter, “Advanced PWM Scheme For 15 Level Binary Source (1:2:4) Inverter,”
in 2023 9th International Conference on Electrical Energy Systems (ICEES), Mar. 2023, pp. 408-412. doi:
10.1109/ICEES57979.2023.10110078.

P. K. Yadav, R. Bhasker, and S. K. Upadhyay, “Comparative study of ANFIS fuzzy logic and neural network scheduling
based load frequency control for two-area hydro thermal system,” Materials Today: Proceedings, vol. 56, pp. 3042-3050,
2022, doi: 10.1016/j.matpr.2021.12.041.Martinez-Salamero, L. Control of a Bidirectional Cuk Converter Providing
Charge/Discharge of a Battery Array Integrated in DC Buses of Microgrids. Commun. Comput. Inf. Sci. 2017, 742, 495—
507

Martinez-Salamero, L. Control of a Bidirectional Cuk Converter Providing Charge/Discharge of a Battery Array Integrated
in DC Buses of Microgrids. Commun. Comput. Inf. Sci. 2017, 742, 495-507

Arun, V., A.A. Stonier, and Geno Peter. (2024). A Modified Multilevel Inverter with Modified Triangular Carrier SPWM
Approach. Electrical Engineering (February 7). https://link.springer.com/10.1007/s00202-024-02237-7.

E. Kim, C. Kim and Y. Kim, "Development of Bidirectional AC-DC Converter for Energy Storage Systems," 2019 22nd
International Conference on Electrical Machines and Systems (ICEMS), Harbin, China, 2019, pp. 1-4.

David Zhan, “Design Considerations for a Bidirectional DC/DC Converter”, Principal Engineering Manager, Industrial
Analog & Power Group, Renesas Electronics Corp.

F.L. Luo, “Positive output Luo converters: voltage lift technique”, IEE Proc.-Electr. Power Appl. Vol. 146. No. 4. July
1999

Femi R, Sree Renga Raja T, Shenbagalakshmi R. A positive output-super lift Luo converter fed brushless DC motor drive
using alternative energy sources. Int Trans Electr Energ Syst. 2020; ¢12740.

V. Naveen and T. B. Isha, "A low cost speed estimation technique for closed loop control of BLDC motor drive," 2017
International Conference on Circuit, Power and Computing Technologies (ICCPCT), Kollam, India, 2017, pp. 1-5.

X. Pu, T. Nguyen, D. Lee and S. Lee, "Capacitance estimation of DC-link capacitors for single-phase PWM converters,"
2009 IEEE 6th International Power Electronics and Motion Control Conference, Wuhan, China, 2009, pp. 1656-1661.

Vijayakumar, A., Alexander Stonier, A., Geno Peter., Kumaresan, P., & Reyes, E. M. (2022). A modified seven-level
inverter with inverted sine wave carrier for pwm control. International Transactions on Electrical Energy Systems, 2022,
€7403079. https://doi.org/10.1155/2022/7403079

Rajan Kumar and Bhim Singh, “BLDC Motor Driven Solar PV Array Fed Water Pumping System Employing Zeta
Converter,” in 6th IEEE India International Conference on Power Electronics (IICPE), 8-10 Dec. 2014

R. Kumar and B. Singh, “Solar PV powered BLDC motor drive for water pumping using Cuk converter,” IET Electric
Power Appl., vol. 11, no. 2, pp. 222-232, Feb. 2017.

35


https://doi.org/10.1155/2022/7403079

	I.  Introduction
	II. CONFIGURATION  AND OPERATION OF PROPOSED WORK
	III. DESIGNING AND STEADY STATE ANALYSIS OF HIGH GAIN DC-DC CONVERTER
	A. Mode 1: (Continuous Conduction Mode)
	B. Mode 2: (Discontinuous Conduction Mode)
	C. Reduced order Model

	IV. CONTROL ALGORITHM
	A. Charging Control of Battery
	B. ZN-PID Control Algorithm
	C. Firefly-PID Control Algorithm

	V. SPEED CONTROL OF BLDC DRIVE
	VI.  RESULT VALIDATION AND DISCUSSION
	VII. CONCLUSION
	References


