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Due to the nonlinear properties of photovoltaic (PV) modules, the design of
the high-gain direct current (DC) converter for maximum power point
tracking (MPPT) is complicated. In this paper, the design of a new step-up
DC converter for MPPT applications is proposed. The proposed converter is
structured of two symmetrical reverse-parallel DC-DC boost converters. This
structure is supported by voltage multiplier cells equipped to increase output
voltage and decrease voltage stress on semiconductor switches. To simplify
the high-gain DC converter design, the PV module's maximum power point is
treated as resistance by using the incremental conductance (INC) method. The
MPPT boost converter's inductance, input capacitance, and output capacitance
are calculated using the derived equations using nine parameters. The results
showed that the proposed DC converter simulation meets the necessary
requirements. The size of the input capacitor, inductor, and output capacitor
have been decreased. When the proposed converter is compared to a
traditional converter, there is less voltage stress, low current ripple, and an

increase in voltage gain. This has led to an improvement in the overall
converter efficiency.
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1. INTRODUCTION

The photovoltaic (PV) module's maximum power is acquired using the MPPT converter. The MPPT
converter is composed of three components: the power converter, the controlling device for the power
converter, and the MPPT method. Over the years, researchers have created a number of different forms of the
MPPT approach [1]-[3]. Included in this are the hill climbing method, also known as the incremental
conductance (INC) method, the particle swarm optimization method, the perturb and observe method, and
several more approaches.

The MPPT method's purpose is to locate the PV module's MPP. The output of the MPPT technique is
frequently either the voltage reference or the duty cycle. Pulse width modulation (PWM) and the duty cycle
generated by the MPPT technique are interconnected. While a voltage reference generated using the MPPT
approach is sent into the power converter's controller. The MPPT converter's proportional-integral (PI)
controller is both a normal and unconventional controller for the power converter [4]-[6] as well as a fuzzy
logic controller, respectively. The MPPT converter's power converter also uses a buck converter [7], the boost
converter [8], [9] the buck-boost converter [5], and the single-ended primary-inductor converter (SEPIC) [10].
The PV module serves as the typical input source for the power converter utilized for the MPPT converter,
which functions using the switching pulses generated by the PWM.

Journal homepage: http://beei.org


https://creativecommons.org/licenses/by-sa/4.0/

2018 O3 ISSN: 2302-9285

To calculate the inductance and capacitance employed in the MPPT converter, the power converter is
designed. For the controller to keep its output steady, it's crucial to maintain continuous current mode. In the
discontinuous current mode, the MPPT converter activates if the inductance is too low. The MPPT converter
grows bulky and has a delayed transient response if the inductance is too high. To guarantee that the voltage
ripple is kept within the appropriate standard, the capacitance is computed.

The voltage ripple increases if the capacitance is too low. The MPPT converter's response time slows
down if the capacitance is too high. The study undertaken is primarily focused on the development of the MPPT
technique rather than the power converter design, which is often not the major emphasis of the MPPT converter
development. On the other hand, development on the power system for the MPPT converter is still ongoing
[6], [11]-[13]. Designing a novel power converter architecture for the MPPT converter is the study's main
objective. Analyzing the correlation between the PV resistance, output resistance, and duty cycle is one of the
study projects (Rmp-RL-D) [6], [11]. Based on the load and the PV module, this study chooses the power
converter that is best for the MPPT converter. Analyzing the MPPT converter as a variable resistance emulator
is part of another study on the power converter for the MPPT converter [13], however, their study does not
provide a calculation of the inductance and capacitance for the MPPT converter. The MPPT converter applies
the boost converter [14]-[16]. For the MPPT converter, the input capacitor must be connected in parallel with
the boost converter's input source. According to study, without an input capacitor, the boost converter cannot
operate at the PV module's maximum power point [17]-[19].

The goal of this paper is to consider ways to produce a new converter that has high operational
performance such as high voltage gain, minimal voltage stress on component devices, very low input current
ripple, and high efficiency. The 81 W PV module is simulated using the single diode model. The MPPT method
used for the simulation is the incremental coductance methode. By contrasting the theoretical result calculated
from the resulting equation with the MPPT high gain direct current (DC) converter simulation data acquired
from MATLAB/Simulink, the derivation is demonstrated.

2. MODELING OF PV COMPONENT PARTS

The PV model's idea is to build the PV module's current-voltage 1-V curve. The single diode model,
a representation of an electrical circuit, is the foundation for the PV model that is employed, as shown in
Figure 1. Kirchhoff current law is used to construct the equation for the PV current, I,,,, as illustrated in (1),
[20]. It must be solved using an iteration approach because it is an implicit equation. Newton-Raphson
technique iterations are used to resolve (1) [21].

Vpv+IpyRs

€]

q.(Vpy+IpyRs)

Iy = Ipp — L. (e AKT - 1) Ron
Where 1,,,, represents the photocurrent, I, the dark current saturated, PV module voltage is denoted by V,,,. The
series resistance is denoted by R; (). A is the ideality criterion. Boltzmann's constant, K is
(1.38 x 10723 J/K), T represent the p-n junction's temperature (K). g is the charge on an electron
(1.6 x 107 C). Additionally, Ry, is the parallel resistance (), I,, is determined by [22]. While I is
determined using (3) and just depends on temperature [23]. The maximum power point generated by the PV
model is impacted by R, and Rg,.

G

Ly = p— (Usn + Ki(T — Terc)) )
_ (Isc +Ki(T_TSTC))
Is = <V0c+—K”(T_TSTC)) 3)
. vy )

Where STC represents for the normal test condition (1000 W/m? and 25 °C) and G is the irradiance (W/m?).
The temperature under STC is Ty (25 °C).

Figure 1. PV module circuit
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2.1. Incremental conductance method for MPPT

The INC method is simple to use and does not need a power converter controller. The INC method
immediately calculates the duty cycle [24]. The INC algorithm receives input from the PV array's voltage and
current sensors [25]. The duty ratio D of the proposed converter is determined by this algorithm affected by
changes in voltage, current, and power.

Figure 2 illustrates the nonlinear ring Ppy, VS Vpy, characteristics of a solar PV array. The operating
point fluctuates depending on the load's impedance when applied to the array terminals. The P-V curve's
operation point is tracked using a proposed DC-DC converter. The slope of the MPP curve is negative on the
right side and positive on the left side. The slope of the curve is zero when the array is transferring its maximum
possible power. The slope of the MPP curve is negative on the right side, and positive on the left side.
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Figure 2. P vs. V and I vs. V curves for the solar PV array

The slope of the curve is zero when the array is transferring its maximum possible power. When a
power equation is taken in to consideration and differentiated in relation to voltage, relationships between an
INC and conductance are found for various portions of the curve as (4) and (5):

va = Ipv- va (4)

aPpy _ dllpyVpy) _ dlyy

AVpy AV v + PV avy, ®)
At MPPT:

v _ ¢, ov _ _Iow (6)

dVpy T dAVpy Vpw

At left side form P-V curve:

dPpy >0; dlpy > _Ip_v (7)

AVpy AVpy Vpy

At right side form P-V curve:

. Glpy

’

Ppy <
AV

< - 8)

AVpy Vpw

The INC method depicted in Figure 3 is used to change the proposed converter's duty ratio.
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Figure 3. Flowchart of the INC method

3. MAXIMUM POWER POINT TRACKING BY HIGH STEP-UP DC CONVERTER

Figure 4 shows the proposed converter topology, which includes two inductors at the input source
utilizing interleaving technical to reduce source current ripple, and two voltage multiplier units to boost output
voltage. The switches are turned ON and OFF in the specified intervals. These waveforms as shown in
Figure 5 are analyzed in this study as two square waves by the identical duty cycle and 180° phase difference;
hence, the source current ripple and the input filter's volume might be drastically reduced. Each side of the
proposed converter is a conventional converter connected in series with a voltage multiplier. Each switching
capacitor-diode circuit boosts the output voltage of one side of these converters.
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Figure 4. The schematic of the PV panel with the proposed converter

Bulletin of Electr Eng & Inf, Vol. 12, No. 4, August 2023: 2017-2031



Bulletin of Electr Eng & Inf ISSN: 2302-9285 g 2021

A
o1

t I i

1?—”%0% (ifycle (T)——

Figure 5. The gate drive waveforms for proposed converter's switch

3.1. Analysis of proposed converter in steady-state
3.1.1. Circuit modes

The proposed converter operates with a high conversion ratio there for the switches Q1 and Q2 are
driven by turning ON and OFF in the specified intervals with a 180° phase difference, and a duty cycle greater
than 0.5 as shown in Figure 5. Mode 1:t, < t < t;: duration operation in this mode is considered by (D-0.5)
T as shown in Figure 5. Both switches Q1 and Q2 of the proposed converter are turned ON, and the energy
increases both inductors L1 and L2, where the voltage input is applied to two inductors L1 and L2.
Mode 1 is indicated in Figure 6(a).

VLl = Vmp (9)

Vi, = Vmp (10)

Mode 2: t ; < t < t,: duration operation in this mode is considered by (dT) as shown in Figure 5.
Switch Q1 is continue turned ON and switch Q2 is turned OFF, the energy continues to increase in the inductor
L1 and decreases in the inductor L2. Mode 2 is indicated in Figure 6(b).

Vi, = Vmp (11)

Vi, = Vmp —Ves (12)

Mode 3: t, <t < t5: duration operation in this mode is considered by [1-(D+d)] T, Q1 is remain
turned ON, Q2 is remain turned OFF, and D5 is reverse biased. Mode 3 is indicated in Figure 6(c).

Vi, = Vmp (13)
Vi, = Vmp —Ves (14)

Mode 4:t; <t <t,: duration operation in this mode is considered by (D-0.5) T as shown in
Figure 5, this mode is similar to mode 1. Mode 4 is indicated in Figure 6(d).

Via = Vp (15)
Vi, = Vmp —Ves (16)
Mode 5:t, <t < t5: duration operation in this mode is considered by (dT) as shown in Figure 5.

Switch Q1 is turned OFF, and switch Q2 is continue turned ON, and the energy continues to increase in the
inductor L2 and decreases in the inductor L1. Mode 5 is indicated in Figure 6(e).

Vi1 = Vmp Ve (17)
Viz = Vp (18)
Mode 6:t; <t < t4: Duration operation in this mode is considered by (1-(D+d)) T as shown in

Figure 5, switch Q1 is remain turned OFF, and switch Q2 is remain turned ON. Mode 6 is indicated in
Figure 6(f).
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Figure 6. Circuit modes (a) mode 1, (b) mode 2, (c) mode 3, (d) mode 4, () mode 5, and (f) mode 6

3.2. Voltage gain derivation

Based on the principle of the balance of the voltage second, for the inductors (L1, Laul, L2, and

Lau2), can be calculated capacitors C1 and C2 voltages can be obtained as (21)-(23):

Vm,
Vg, = 2w
Cc1 1-D
Vey = —— Vo :d <D
Cz_d+D. c1

Vm,

Ver = Ve = —2
c1 2 =1,

The capacitors C3 and C4 voltages can be obtained as (24)-(26):

Vi,
Vo, = 22
=1,
v, 2 V. ;d<D
¢4 = op Ves
Vimp
Vea = Vg = b

By using Kirchhoff’s voltage law in the cycle Vi1- V- Vi1t

2Vin
1-D

Veor =Ver + Ve =

(21)

(22)

(23)

(24)

(25)

(26)

(27)
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By using Kirchhoff’s voltage law in the cycle Vg - Vieg— Viga:

2Vin

Veoz = Ves + Veu = P (28)
By using Kirchhoff’s voltage law in the cycle Vi, — Veg1—-Vo— Vioa:

Vo _ 3+D

Vmp . 1-D (29)

The voltage and current at maximum power point (V,,,, and I,,,,) are used to compute the maximum power
point resistance Ry,y,:

Vim
Rmp = ﬁ (30)
Only under specific conditions can the MPPT proposed converter achieve the appropriate system
needs. The intended operational region, ADO, where this condition occurs at different irradiances G, is
depicted in Figure 7. These two MPPs are converted into R,,,, using (30).

I(AX G2 < G1
G1

Isct

Rmp(min}=Vimp1 /iy
Rmp(maX)=Vmp2 A,

G2

mp2

lsc2

ADO w1

Vinp2 Vimp1

Figure 7. PV's I-V typical curve at various irradiances

3.3. Load resistance calculation
For lossless power DC converter, the input power equals to the output power:

P =P, (31)

Vmp- Imp - R_L ( )
3+D \?2

Ry = Ry (32)" = Rynp. Mzrop, (33)

The minimum of R, during the lowest irradiance is given by:

34+Dpmin

2
RL(mL'n) = Rmp(max)-( ) = Rmp(max)-Mgrop(min). (34)

1-Dmin

The maximum of R, during the highest irradiance is given by:

3+Dmax

2
RL(max) = Rmp(min)-( ) = Rmp(min)-Mz%rop(max). (35)

1_Dmax
If a fixed load resistance value is employed, the optimal load resistance, R; , is crucial.
Rmp(max)- M;%rop(min). < RL < Rmp(min)-Mgrop(max). (36)

3.4. Output voltage ripple calculation and output capacitance design
The output voltage is at its maximum value at maximum load resistance and maximum duty cycle.

Design highvoltage gain DC converter based on maximum power point resistance ... (Ibraheem Jawad Billy)
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R
Vo = Vp- /ﬁ (37)

3+Dmax
VO(max) = Vmp(Gl)'( ) (38)

1_Dmax

The output voltage ripple factor (yy,) can be calculated:

y _ AV, D
Vo™ v, T RpCofs

(39)

_ D.(1-D)?
Yo = fnGD)2Co /s

(40)

At duty cycle D = 0.3, the maximum output voltage ripple factor for variable load occurs when
%.ym = 0. Then the maximum ripple factor from (40) becomes:

_ 00135

]/Voma_x B Rmp-co-fs ’

atD =03 (41)

From (33)at D = 0.3. The maximum output voltage ripple factor occurs when the load’s resistance R; equals
22.25 times from maximum power point resistance R,,, . The output capacitances may be calculated
using (42):

0.0135

Co . =Cop  =Cpp —~=——® (42)

Omi 0lmi 02min —
min min min RmpYvo(max)-fs

3.5. Inductance design
The inductance of the proposed converter, L is given in (43):

Vimp-D
L= Ll = LZ = Alf.fs (43)

Where V;,,, represent the input voltage source. The ripple inductor current can be calculated by product ripple
factor with an average current of the inductor AI, = y,.I, where the average current is given in (44):

I

where I,,,, represent the input current at maximum power point, from (44) and (45) the inductance value is:

2.Rmp..D
vofs where fs T LT, (45)
From (33) and (45):
__ R.D.(1-D)?
VL= L faen)y? (46)
From (46) the minimum inductance accrues when y; at maximum value, therefore % = 0. To find the duty
cycle value to make y, at a maximum value:
dyr, Rp.L.fs[(3+D)2.(3D2-4D+1)-2.D.R.L.fs.(1-D)2.(3+D)]
—=0 = 47)
dD [L.fs.(3+D)?]?

From (47) the duty cycle D = 0.3. The maximum value of the R,,,, occur when its value equal to 0.045R,, by
substituting D = 0.3, in (33). The critical inductance by substituting D = 0.3, in (46):

Ry

LCTit = 00135

(48)

YLmaxfs

3.6. Input capacitance design
The input current ripple, which is the flow in the input capacitor C; as shown in Figure 4. The change
in charge in this capacitor can be calculated by shading area as shown in Figure 8.
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s0=1.(7) (tn) = 2 @

4 2 16.fg

The input current ripple is:

Vinp-(2D—1)

Bl = Bl = =25

(50)

According to the concept of capacitance, the connection between the maximum power point voltages
ripple AV,,,, and AQ is:

AV =2 (51)

Ci
The maximum power point voltage ripple is:
AVmp = yVmp- Vmp (52)

Where Vi is the maximum power point voltage ripple factor.
From (49)-(52) the input capacitor is:

A (53)

16.YV L. 12

A
Iin
lin
- - » !
o057 (1 D) T T D05)T
Iei 4 :
1/\ m / t
P
> T/4 :
T.-'BI 'T."Bg
< 17 >

Figure 8. The input capacitor current charge for the proposed converter

4.  SIMULATION OF THE PROPOSED CONVERTER WITH A PV SOLAR CELL

The MPPT proposed converter's maximum load resistance R;,,., IS constrained by D,,,,. Lower
R} max 1S the result of lower D,,,,. The output voltage V, should rise as the duty cycle D rises in perfect
condition. On the other hand, in reality, the output voltage 7, only rises so far at the limit point where it is
decreased as the duty cycle D is increased beyond the normal limit. In addition, the load resistance and duty
cycle, R, D4 have an impact on the MPPT proposed converter's effectiveness. Lower efficiency is the
result of a greater D,,,,. This is because conduction losses have risen. D,,,, issuggested in the simulation to
be 60%. The parameters listed in Table 1 and 81 W PV as shown in Figure 9 is used to regulate it at MPPT
proposed converter. Table 2 illustrates how L and Ci vary depending on the R, state. L decreases as Ry mqx)
lower. Since Ci is influenced by L. Ci rises when L falls to keep yy,,,, constant.

Figure 10 depicts the relation between output resistance and irradiance. The range of R, gets smaller
as the irradiance rises. The output resistance range for 200 W/m? is between 218.3 Q and 1,490 Q. But, when
1000 W/m? is applied, the range is between 43 Q to 294 Q. To avoid the MPPT proposed converter from
running beyond the duty cycle range, the minimum and maximum R, are applied.

As seen in Figures 11(a) and (b) when maximum R, is employed, the system typically works at D, .
(Dynax =0.6), where the systems work at D,,;,, when the minimal R, is applied to the MPPT proposed converter
(Dmin = 0.1). When the irradiance changes, R, is frequently altered to keep the duty cycle from going
extremely low or high. Fixed load Ry ons) is made to operate between Dy, and Dpqy , USING Ry (cons)
eliminates the need to change load. This is due to the higher cost of a variable resistor used to express the
variation load than a constant load used to represent Ry (cons.)-

Design highvoltage gain DC converter based on maximum power point resistance ... (Ibraheem Jawad Billy)



2026 O

ISSN: 2302-9285

Table 1. The variables needed to compute the MPPT proposed converter's component

Parameters Variables Value

PV module Maximum power point Vmp =1742V; Imp =4.634A
(Vmp m, Imp (A) - @ -
for high irradiance (1000 W /m?) Ronp = Lnp 3760
Maximum power point Vinp =173V ; I, = 0.944
(Vmp m, Imp (A) - @ -
for low irradiance (200 W /m?) Ronp = Lnp 1840

Ripple Factor (y) Inductor current ripple factor, y, (%) 20%
Maximum power point voltage ripple 0
factor, yym, (%) 0.12%
Output voltage ripple factor, yy, (%) 0.12 %

Characteristic of - -

(PWM)Technique Minimum duty cycle limit, D,,,;,, 0.1
Maximum duty cycle limit, D, 0.6
Switching frequency, f; 30 KHZ

Load For limit load, the maximum load resistance

Maximum load resistance, R max) (12)
3000

at low irradiance (200 W/m?) Ro(max.g) =

0 X 17.48

Y 81.8064
0+ \

—

X 17.5889
60 Y 65.8886
al: L

X 17.6687
Y 49.6488

Power {W)

0.4 kWjm?

X 17.6166
Y 33.0566

0.2 kWim?

e

X17.3034

10k Y 16.2636

0 2 4 6 8 10 12 14 16 18 20

Voltage (V)

22

Figure 9. Solar PV module power—voltage (P-V) curves

Table 2. The elements needed in three different cases for the MPPT proposed converter

Load model Variable load Limit load Constant load
Duty cycle D Dinin €D < Dy R, < RL(max) RL(CO"S-)
Load Low irradiance (20 OW /m?);
resistance 3+ D\ 2 o )
R, () Rigmin.g) = Rmp: (1 _ Dmin) =21830  Lowirradiance (200 W/m®);  Average constant load between
34D A2 2183 <R, =300 max load and min load for High
Ry (max.g) = Rmp- (71 — Dmax) = 1490 and low irradiance
S maz 300 + 43
High irradiance (1000W /m?); Rieonsy = ———= 171.5
3+ D\
Ryming) = Rmp- (1_—Dmm) =43 High irradiance (1000 W /m?); OR between range
g 43 <R, <294 43 = Ry(eonsy < 300
RL(max.G) = Rmp- (1_7Dmax) =294
max
LnducHtance' RL.limit _ (3 + Dmax)2 FOI’ RL(cons.) =3000Q
m “Llimit (7 T Zmax
i From (49) Ropg M= Pmax L= 00135 "L = 067
L
L= 0.0135. Rymax _ 363 =1ga’ Dmax =02 3
yL'fs L= Vmp.g-Dmux =122
Y- mzp-g s
Output From (43) From (40) From (40)
Capacitance 0.0135 D
' Comi —F =100 Cymin =———=18.5 Cymin = =——— = 55.45
CO max (p,F) omin Rmu- YVa(max)- fs omim RL- yVo-fs omn RL' yVD'fS
Input 2D -1 C = 2Dmax—1 _ 95 t _ 2Dy — 1 _
Capacitance,  Citmin) = ﬁ =3.145 T Y at  Cyminy) = -16-va 12 30
Cimin (HF) -YVmp- e Dmax =06 b
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Figure 10. Load resistance with different irradiance
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Figure 11. The duty cycle with the Ry maxy @and Ry min) (2) 1000 W/m? and (b) 200W/m?*

0.08
o

Figure 12 illustrates for constant load. In comparison to the duty cycle for 1,000 W/m?, which is
maximum value D,,,, = 0.6, the duty cycle for 200 % is greater than D,,;, (0.1). Results indicate the duty
cycle is in the acceptable duty cycle range. The MPPT proposed converter is tested under various situations,
and the simulation's results are displayed in Figure 13. The simulation and theoretical y, results are very close,
as illustrated in Table 3 and Figure 14. According to the simulations, y, is greatest when R; is equal to
Ry (max.g) at low irradiation g.

In both theoretical and simulation cases, the output voltage ripple factor y, is 0.1 percent and
0.11 percent, respectively as shown in Figure 15 at load resistance R, = 100 Q and high irradiance 1,000 W/m?
and it’s very nearer to maximum value 0.12 percent witch occurs at load resistance R, = 82.6 Q for theoretical
calculation in Table 4 and in Figure 16. This establishes the accuracy of the calculated C, 7). Figure 17 shows
the comparison between the theoretical calculation and simulation results for various output voltages with
various load resistances and proves the accuracy of the equations used.

Design highvoltage gain DC converter based on maximum power point resistance ... (Ibraheem Jawad Billy)



2028 O

ISSN: 2302-9285

o o
a o

1
=
T

o
w
T

1000W/m2

Duty Cycle.Dmax
=]
~N
T

RLcons.=300 Ohm E

200W/m2

——RLcons.=300 Ohm |1

0 0.05 0.1 0.15
Time (seconds)

0.2 0.25

Figure 12. The duty cycle with the Ry (s, With irradiance 1000 W/m? and 200 W/m?

& 0,505

X0.150659

Inductor Current Ripple

o

e =

2 >
- =
s
o
=8
2g
&
=8

Inductor Current Ripple
= o

’ {
0.585 X 0255129 Y 0.517907 |

B s Y 0579129 0.5: Cryrre i
' CRU=2180  g=200Wim2 0 RL=5000  g=200Wm2 |

1 ]

0.575 L L L

045 01502 01504 00506 04508 0151
- Jime (seconds)
RL=1490Q

0255 02551 0.2552 0.2563 0.2554 0.2555 0.25¢
'I'Img (secands)

: .
" ®
2oss|  RL=10000 2 _
g 3 | g=200Wim2
[3 = 200W/m2 o = 0.
H i X0.350006 £ £0.200008 AAA
£ 05 Y 0526155 3 Mhasesiald X 0200323
b X 0349857 : V v V I vy Y odsozst
8 Y 0.451401 50
3 J T
ot e 2
it I EESRNANIEANRBLrRALERDEE 20 BN SAN AT
02 0201 0202 02003
03495 03495 03497 03498 03499 035 03501 i
Time (seconds)
o 265
4 r X 0250009
z Y 265213
£ 26] ]
g ARLN
H X0.250788
Y 254424
§2ss5-
E
2 RL=2940 G =1000W/m2

25 X
0.25 0.2501 0.2502 0.2503 0.2504 0.2505 0.2506 0.2507 0.2508 0.2!

Time {seconds)

¢
T3 i
2 X0.4008
= Y 3.04041 |
g X 0401059
£ V V Y3.00124
0 H
o
g
220! RL=43Q  G=1000Wim2
04007 04008 0.4009 0401 040
Time (seconds)
& 2.7B‘t t +
Zom| X0.160605 |

z Y277054 |

§amp s

e

3ant X 0.16026 V V V
{ Y 269984 vy

RL=1000 G = 1000W/m2

Inductor

e et e i

0.1602 0.1603 0.1604 0.1605 0.1606
Time (seconds)

Figure 13. Inductors current ripple at various load resistance R; and irriadiance G

Table 3. The inductor current ripple factor is in both theoretical and simulation computations

Variable load resistance Inductor current ripple

Irradiance G

Inductor current ripple factor

R, () factor y, % theoretically ¥, % simulation result
2 2.R .D, i
T L L P ot et
s Y% =
3+D\* R Mean
(555) =p=ip=01 =127
1-D R
y.% = 1.02
100 2.38 at D=0.35 2.6
294 4 at D=0.6 4.2
200 W/mz 218 2. Rmp.g- Dmax.g
Y= TRmp_g = 18.4Q
3+D\* R 4
(—) =—t ;p=~015
1-D Rope
Y.% =5
500 1186 at D =035 11.5
1,000 174 at D=05 16
1,490 19.98 18.9
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Figure 15. Output voltage ripple at various load resistance R, and irradiance G
Table 4. The output voltage ripple factor is in both theoretical and simulation computations.
Irradiance G Variable load resistance Output voltage ripple Inductor ripple factor
R.(Q) Yvo % factor theoretically ¥, % simulation result
2 k t k
1,000 W/m 43 Dy Voot = peak to pea
Yvo =5 7 = 0.08 vo Mean
* RiCofs =01
100 0.11at D = 0.35 (near from the
maximum ripple factor occurs at D = 2.6
0.3when R, = 22.22.R, = 82.65 ()
294 0.068 0.065
200 W/m? 218 D
YWo = R,C,. f 0.03
Dy ~ 0.15 ;y,,% = 0.023
500 0.024 0.024
1000 0.0174 0.0174
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5. CONCLUSION

Making the converter reflect the total resistance detected by the PV module allowed for the derivation
of the components for the MPPT DC converter. The output resistance, inductance, input capacitance, and
output capacitance make up the components. With the use of this derivation, the MPPT boost converter's ripple
factor and duty cycle may be adjusted to meet specific requirements. Additionally, the overdesigned system is
eliminated, which results in a cheaper price and a smaller MPPT DC converter with a high gain ratio and low
stress on all components. Given that the ideal condition is the one used in the derivation, a number of
procedures must be followed to guarantee that the right minimum requirement is applied. The derivation is
tailored for the PV application, resulting in a more straightforward and precise computation of the
MPPT-proposed DC converter.
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