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Nowadays, more attention is paid on alternative sources of energy, including solar energy. In connection
with growth of prices for non-renewable energy sources. However, generating solar energy has a number of
problems associated with the cost of the panels, their disposal and methodology of operation of devices for
converting energy of these systems. This requires creating power sources on the modern element database
and systems management, to achieve high energy efficiency. For these tasks method of finding the maximum
power point of a step-up voltage Converter for solar sources energy using known search algorithms.
Keywords: MPPT Method, PV System, converters of solar energy.

ntroduction. The author investigated the de-

vices based on boost Converter (PPN), part of
the structure of the inverter for the solar panels as
the most promising in terms of weight, dimensions
and efficiency. Functional diagram of the system
shown in Fig. 1 [1].

To extend the range of operation of solar in-
verter as an intermediate link between the solar
battery (SB) and network inverter used DC-DC
Converter, which also can produce tracking the
maximum power point (maximum power point
tracking — MPPT), a block diagram is shown in
Fig. 2. As such the energy Converter can be buck,
boost, inverting converters, or Converter, made by
Cuk diagram.

This scheme provides high efficiency by reduc-
ing the number of power components, with dimen-
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sions and weight filter minimizes high frequency
conversion. One of the main ways of improving the
energy efficiency of PV systems is the implemen-
tation of the mode selection maximum power at
the relevant point in the current-voltage charac-
teristics (CVC) of solar panels.

Solar Boost

Inverter Grid
panel converter

Fig. 1. Chain diagram of an offline electric power
supply system based on solar batteries

The relevance of work. Study of various algo-
rithms for finding the maximum power point of
systems based on solar batteries; developing the
structure with the best performance efficiency and
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speed on the basis of typical schemes of conversion
of solar energy and algorithms of their manage-
ment; the creation of the physical layout of the
target device and evaluation of its performance.

Researching methods. Literature review on
model schemes of converters of solar energy based
DC/DC converters and the search algorithms of
maximum power point, a comparative analysis of
available data using computer simulation tools.
Used as methods of simulation modeling with Mat-
lab/Simulink prototyping and conducting relevant
experiments: tuning of PI controller simulation of
different levels of darkening solar panels, the eval-
uation of the efficiency of the Converter.

Expecting results. Developed a simulation mod-
el for the method of perturbation and observation
(adaptive and non-adaptive) and the method of
increasing conductivity, and investigated their ap-
plications for different levels of illumination. Com-
piled software for microprocessor control systems
two-phase boost Converter voltage, and conducted
a series of experiments simulating different lev-
els of light solar panels for the evaluation of the
efficiency of the experimental setup. The author
obtained the accuracy rate of finding the maxi-
mum power point to a value equal to 99%, for the
variant with an adaptive algorithm to change the
pitch. In the pilot study achieved similar accuracy
rates corresponding to 95-96% at the time of quan-
tization 10 MS.

Review of existing control algorithms. To opti-
mize the output power of the PV modules, typical-
ly, use one of known algorithms. In some devices
for tracking the maximum power point of imple-
menting several algorithms, and switching between
them is carried out depending on the conditions.

The main means of algorithms of MPPT are: the
method of perturbation and observation constant
voltage [4]. When using the method of perturbation
and observation device by a small amount changes
the equivalent input resistance of the Converter
(by varying the duty cycle of the power switch or
change tasks on the input values of voltage, cur-
rent or power) consequently varies the voltage on
the SB and the next step is measuring its output
parameters. If the power increases — the controller
continues to change which sets the parameter in
the same direction until the power will not cease to
increase. This method is the most common, despite
the fact that it leads to power fluctuations. Wide
application of this method due to its simplicity can
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be implemented on the basis of functional the cir-
cuits of the control system the VPIL

Typical schemes of converters of solar energy
is depicted in Fig. 4. The most common approach is
the reduction Converter (Fig. 2, a). The advantage
of schema — stable current of the battery, provide
a large output inductance, however, the intermit-
tent pulse consumption input current requires the
installation of C-filter [3].

Boost Converter (Fig. 2, b) has output the throt-
tle, ensuring the continuity of the input current
and stability of the operating point current WAC.
When this occurs, the increase in voltage over the
entire range of regulation, which leads to the ne-
cessity of using the bypass to prevent exceeding
the output voltage. Given the topology of the func-
tional diagram of the final device (Fig. 1), the most
a viable option is the use of this schematics. Of all
the types of converters with the highest efficiency
has PPN.

For a successful regulation of the maximum
power point of the CVC at any ratio stresses on
SAT and load you can also use the Converter cook,
have the input stage based on the boost Converter,
and the output — based reduction (Fig. 2) [1].

Researching methods. Modified P&O Method.

The P&O method is commonly used in MPPT
systems because of its major advantages such as
high tracking speed and simple implementation
specifications. However, this method is based on
hill climbing rule and cannot track the global MPP
when multiple peaks are occurring in P-V curve
of PV system. Thus, some modifications have done
to extend the advantages of this method to PSCs.
After the experimental studies, some observations
are reported about partially shaded PV systems
characteristics. It is seen that, the peak points of
the P-V curve are still about 0.8 Vo [5]. In ad-
dition, while magnitudes of the peak points are
in tendency of increasing before the global MPP
and they are in tendency of decreasing after the
global MPP. Therefore, P&O method is commonly
used to track the global MPP under PSCs. Differ-
ent modification schemes can be used for MPPT
with P&O method under PSCs. The PV system
is started to operate at 0.85 Vo and the conven-
tional P&O method is used to track the MPP until
a disturbance such as the PSC is detected or an
interrupt is generated. When the disturbance is
detected or a timer interrupts which is generated
every predetermined time interval (for example
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Fig. 2. Typical circuits of DC/DC converters: a) buck; b) boost; ¢) buck-boost; d) Cuk converter
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20-25 s) occurs, the partial shading subroutine is
activated. This situation is detected by monitor-
ing the power variation (DP) value. If the power
variation value is higher than the predefined crit-
ical power (DPcrit) value, this situation is labeled
as PSC. The partially shading subroutine searches
the other peak points on the P-V curve. It is also
known that, voltage difference between the se-
quential peak points is almost equal to 80% of the
open circuit voltage of the PV module (V. modute)-
Therefore, the operating voltage value is changed
with a voltage variation step (DVx) which is smal-
ler than 0.8 VOCﬁmodule'

The PV power and voltage values are read,
and if these values are higher than the Pux rast
and voltage Viux s, this operation is repeated in
same direction. If the obtained power value is low-
er than the Pux ast OF Vi which is determined
as 0.85 Voc modaue, Operation point is transferred to
previous peak point. This modified method oper-
ates like double Perturb & Observe method. It
generates relatively big perturbations to track the
GMPP in case of multiple peaks. However, the
proposed modified P&O method may not track
the GMPP under rapidly changing solar irradia-
tion conditions [8]. In another study, an alternative
P&O method which compares instantaneous meas-
ured power (P,) and instantaneous maximum
power reference value is proposed [3]. The instan-

Sense V{k), I(k)

v

av = Vi) - V(k-1)
dl = 1K) -1k-1)

taneous measured power is calculated by multiply-
ing instantaneous voltage and instantaneous cur-
rent measurements. The P-V curve is divided into
two regions. The instantaneous maximum power is
related temperature and irradiance as Eq. 1

Py (1) = P,y (T (1), E(1)) = a[ T ()b(E(1))] (1)

here, T(t) is temperature value, E(t) is irra-
diance value, a(t) is temperature factor and E(t)
is irradiance factor which determines the maxi-
mum power current. The temperature factor is
also called as voltage factor. In region I, maximum
power point current is obtained by reducing the
PV array current as given below:

I(£) = (1)~ AT (2)

The performance of this method is depending
on the DI In region II, current reference is calcu-
lated by Eq. 3:

P..(t
[ (t) — meas ( )

a(T)
This algorithm is operated until the power error
ratio becomes lower than the predetermined level:

Pm (t) - Pref (t)
Pm(t_l) )

here, Pm(t) is the instantaneous measured po-
wer and Pref(t) is the instantane-
ous maximum power reference. The
P&O method is used to estimate
a(T). This method introduces vari-
ous new coefficients which compli-
cate the MPPT process to determine
the global MPP in case of multiple
local peak points. In the method of
increasing the conductivity of the
transducer captures the increase in
the current and voltage SB to predict
the effect of changing voltage. It re-
quires increased computation by the
microcontroller, but it keeps track of
the changing conditions with great-
er speed than the previous method.
However, this method also leads to
power fluctuations.

This method uses increasing the

conductivity d, /d, of the solar
battery to calculate the sign of the
change of the power against voltage
d, / d,. This calculates the point the
maximum power and a comparison is
made of the increasing conductivity

(3)

(4)

AI/AU with the conductivity of the
SB(I/U). If the condition, AI/AU=1/U

output voltage equal to the voltage

d=d+inc d=d-inc d=d-inc d=d+inc
Y v Y Y v
Y
Vik-1) = Vik)
(-1} = I(k)
Y
Return

Fig. 3. Block diagram of algorithms of MPPT perturbation

and observation

corresponding to the highest power.
Setting PI-regulator the voltage is
maintained until the level of illumi-
nation; the process is repeated.

The simulation of results. In
Fig. 4 shows a simulation model of
a system for tracking maximum
power point. In the model the Con-
verter is replaced by a variable re-
sistance, the magnitude of which is
dynamically adjusted using one of
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the MPPT algorithms in the process of construc-
tion, a simulation model, it can consist the follow-
ing assumptions:

— not taken into account pulse duration mod-
ulation (Converter represented by the equivalent
resistance), because the time quantization the al-
gorithm tracking the maximum power point is sig-
nificantly higher than the PWM period,;

— the lag of in response to the change of the
input voltage is represented by an aperiodic link.

In Fig. 5 shows current-voltage characteristic
and power voltage model of PV panel used in the

simulation.
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The result of simulation to obtain graphs of the
output at the operating point and find the new
maximum capacity due to changing the value of
the illumination of the PV panel. In Fig. 6 pre-
sents diagrams of the current (I;), voltage (Uj,)
and power the solar battery (P,) a non-adaptive
algorithm of perturbation and observation maxi-
mum step voltage.

The adaptive algorithm is implemented as fol-
lows: the gradual movement of the current op-
erating point in one direction increases and the
increment of the task on the input voltage at each
iteration; if the power increased and the cur-
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Fig. 4. Simulation model for adjustment of MPPT algorithms
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Fig. 5. Characteristics of solar panel: a) current voltage; b) power voltage
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Fig. 6. Characteristics of nonlinear power source: a) power voltage characteristic P=£{(I);
b) current voltage characteristic U=f(I)
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Fig. 7. Oscillograms of operation of reference for reduction (a) and increase (b) of input voltage

rent decreased, then the increment is reduced. In
Fig. 6 the time diagram of current, voltage and
power for the adaptive algorithm of perturbation
and observation.

EXPERIMENTAL PART

The experiments were carried out using a DC
link inverter solar, representing two parallel con-
nected boost Converter voltage.

To obtain the most similar form the CVC and
VIN to the corresponding characteristics of the
security Council were implemented serial and
parallel connection of resistors between the pow-
er source and PPN. Experienced U=f(I) and volts
W P={(I) characteristics as shown in Fig. 15. In
Table 1 shows the values of the input currents
and voltages corresponding to points of maximum
power for each voltage-current characteristics of
the above figure.

where I'max, Umax, and Pmax is the maximum
value of the current, voltage and power for each
VAC source; I’, U’ and P’ max is established in the
result of the algorithm, the values current, voltage
and power output of the source is defined expe-
rimentally.

Compute the accuracy:
rmax

P 100% = 7'26100"/ = 96,93%
Prax P T 749 0T TR

The results of calculations for the system at
each of the CVC (Fig. 7) are given in Table 2. Of
the above it is seen that the power loss associated
primarily with the vibrations of the task on the
input voltage.

Table 2
Accuracy of tracking maximum power point
for different levels of illumination

Table 1
Tnax A Unaw V Prax VE
1 0,9 13 11,687
2 0,72 10,41 7,49
3 0,6 8,66 5,17
4 0,42 6,12 2,55
5 0,3 4.4 1,24

Interval Accuracy, %
2 96,93
3 95,8
5 95,2
1 95,73

In this algorithm, the perturbation is realized
through a job change on the input voltage of
the Converter. Waveform testing of this process
is shown in Fig. 16. The calling frequency of the
MPPT algorithm was chosen on the basis of the
dynamic properties of closed-loop control system.
From these waveforms it can be seen, the transi-
tion time of the input voltage is equal to 10 MS.

The calculation accuracy of finding the maxi-
mum power point at each operating point. An ex-
ample of determining the capacity for the charac-
teristics:

Prar = Unazlmee = 10,41 = 0,72 = 7,49V

P'maac =UT = 11,34 * 0,64: = 7,26V

Conclusion. Based on these results, we can
draw the following conclusions:

— The achieved precision value of finding
the maximum power point (95-96%) when the
non-adaptive algorithm disturbance and surveil-
lance satisfies, the theoretical and experimental
data of domestic and foreign researchers.

— To increase the accuracy (99%) extreme nor-
mal power control most appropriate algorithm step
change of the controlled parameter (current, volt-
age, power SB or duty cycle of key) when deter-
mining the maximum power.

— The method of perturbation and observation
is the best because it is less demanding of the mi-
crocontroller and the implementation

— The adaptive algorithm provides a high level
of accuracy, combined with sufficient speed.
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JlaHBWKOYCBKMII TPAHCIIOPTHUI yHIBEpCUTET

JOCAINMKEHHA METOIY BIICTEHKEHHI MAKCUMAJILHOI TOYKU
MOTYMHOCTI IJId HNIABUITYBAJBHOI'O IEPETBOPIOBAYA
IMOCTIVIHOTO CTPYMY B ®OTOEJEKTPITYHIX CUCTEMAX

Amnoranisa

B pmauwmit yac Bce Gisbllle yBaru IpUAINIAETHCA aJbTEPHATMBHUM J3KepeJiaM eHeprii, BKIIOYAIouy COHAYHY
eHeprio. Y 3B’A3KY i3 3pocTaHHAM LiH Ha ITIOHOBJIIOBaHI JAKepesa eHeprii. OnHaK, reHepalisa COHAYHOI eHeprii
Mae pAx mpobseM, IOB’A3aHMX 3 BapTICTIO MaHeJseil, iX yTmiisaiii Ta meromoJsiorii poboTyu IPUCTPOIO AJIA
IIepeTBOPeHHA eHeprii uux cucreM. Ile BuMarae CTBOpEHHS JKepeJl KUBJIEHHA Ha CydacHill eleMeHTHil 6a3i
i cucTemMax ynpaBJiHHA, IJIA JOCATHEHHA BUCOKOI eHeproeeKTUBHOCTI. JJ1da X 3a/1a4 MeTOJ IIOIIYKY TOYKM
MaKCUMAaJbHOI MOTYSKHOCTI MiABMUIYIOUMII IIepeTBOPIOBAY HANIPYTY AJIS COHAYHUX JIsKepeJl eHeprii, BUKopu-
CTOBYIOUM BiZJOMi aJITOPUTMM IIOUIYKY.

KoarouoBi cioBa: poTo3I€KTPUYHA CUICTEMA, IIEPETBOPIOBAY COHAYHOI €Heprii, MakcuMaJIbHa TOYKA ITOTYKHOCTI.

Ilepouna H.B., Zhao Feng

JIaHBWKOYCKMIT TPAHCIIOPTHBI YHUBEPCUTET

VICCJIETOBAHUNE METOJIA OTCJEMKVBAHIA MAKCUMAJIBHON TOYKU
MOIDHOCTN JJIA IIOBBIITAIOHIIEI'O IIPEOBPA3OBATEJISI
IIOCTOAHHOTO TORA B ®OTO3JERTPMIYECRUX CUCTEMAX

AnHOTaIA

B nacrosmiee Bpema Bce OoJibllle BHUMAHWUA YAEJAETCA aJbTEPHATUBHBIM MCTOYHMKAM DHEPIUM, BKJIOUAT
COJIHEUHYIO DHepruio. B ¢BA3M ¢ pocTOM IjeH Ha He BO30OHOBJIAEMbIe MCTOUHMUKY dHeprun. OQHAKO TeHepalysa
COJTHEYHOJ DHEPIUM MMeeT pAX IpodJeM, CBA3AHHBIX CO CTOMMOCTBIO IIaHeJsel, X yTUIM3auyeil 1 MeTomo-
Joryeil paboTbl yCTPOIICTB 1A IIpeo0pas30BaHUA SHEPIUM 3TUX cucTeM. JTO TpebyeT CO3MaHUA MCTOYHUKOB
IUTAHNUA HAa COBPEMEHHOI dJeMeHTHOI 6a3e 1 cucTeMax yIpaBJeHUd, AJA TOCTMKEHNA BBICOKO d9HEepProad-
dexTmBHOCTH. 717 9TMX 3a4ad JMCIOJNb3YETCA METO HaXOKJeH)A MaKCHMaJbHOV MOIITHOCTH ITOBBIIIAIOIIIETO
npeobpas3oBaTessa HANPAMKEHNUA IJIS DHEPIUM COJHEYHBIX MCTOYHMKOB C MCIOJIb30BAHMEM M3BECTHBIX IIOVC-
KOBBIX aJITOPUTMOB.

KuroueBrble cioBa: pOTO3JIEKTPMUECKAA CUCTEMA, IIPe0dpa3oBaTe b COJIHEUHOM SHEPIN, MaKCUMaJbHAA TOU-
Ka MOIITHOCTIAL
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