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MAXIMUM POWER POINT TRACKING METHOD FOR SUBSATELLITE SOLAR
POWER WORKING UNDER PARTIALLY SHADED CONDITIONS

The objective of this work is to study the features of the Maximum Power Point Tracking (MPPT) for
subsatellite solar power under partial shading condition of its panels. Subsatellite power system operates in
parallel with a much greater power system of main satellite. Simulation was performed with the help of
Matlab/Simulink. Different methods of MPPT were considered. The results of the study allow us to conclude
that conventional MPPT methods not well suited for solving the above problem due to the presence of multiple
extreme in the power curve under partial shading of the few solar panels connected in parallel.
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Introduction

One of directions of development of space
technology is the use of complexes of multiple
spacecraft, "main satellite"-"subsatellite". For example,
"Sich-IM"-"KS5MF2" (Ukraine, 2004), "Sich-2M"-
"Youth subsatellite" (Ukraine, currently being
developed).

In this case, the power systems of both satellites
can operate in stand-alone mode or in parallel on a
common load. Technology of using PWM control
operation in power system put new features for the
control algorithms for their parallel working. Especially
under uneven and variable illumination of PV panels,
since most of subsatellites belong to the class of "micro"
and do not have their own system of orientation of the
panels [1, 2].

Closest analogue of this system is a grid connected
ground solar power unit.

Traditional method fail to ensure successful
tracking of the maximum power point under partial
shading conditions (PSC). This performs in significant
reduction in the power generated as well as the
reliability of the photovoltaic energy production system.
For the effective utilization of solar panel under partial
shading condition (PSC), maximum power point
tracking method (MPPT) is required.

Solar photovoltaic (SPV) power generation is a
stand out amongst the most important headings in the
field of new energy improvement. In SPV power
generation system, the operating point has extensive
effect on the conversion efficiency of PV systems, and
hence the exploration on maximum power point
tracking (MPPT) algorithm has been one of the hot
issues constantly.

The MPPT tracks the optimal point at which
maximum energy can be extricated from the panel. For
working the PV at maximum power the conductance
coordinating for the PV panel is done by varying the
duty cycle of DC to DC converter associated with
it [3, 4].

In this paper we investigate, in particular, the
dependence of the output power of the subsatellite
power system from the parameters of the control PWM
signal when it is in parallel with the main power system
under different lighting conditions of panels and
different output voltage level.

Maximum power point tracking under
partially shaded conditions

A MPPT technique is implemented with the use of
a boost DC-DC converter in the following sections
under partial shading conditions. The PV array is
connected to a Maximum Power Point Tracking
(MPPT) in order to optimize the DC output power of the
PV array by varying the operating voltage of the PV
array [5, 6]. Under partial shading conditions multiple
local maxima will appear on the power-voltage
characteristics of solar PV system in that only one will
be global maximum power point [7].

Solar array has been simulated in MATLAB to
investigate the characteristic curves subject to varied
shading circumstances. Four solar module are connected
in parallel to form a panel and, as it appears in Figure 1.
Each module exposed to four light sources for full
radiation having an open circuit voltage Voc= 28.14 V
and short circuit current Isc = 9.42 A. The combination
of each modules for full radiation to form a solar array
of maximum power 238.5 W at Vy= 26.5 V and Iy= 9.
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In this model, for simulating partial shading effect, it is
considered each PV module has a bypass diode
connected in parallel itself as shown in Figure 1, if there
is no bypass diode across the module, there is a chance
of avalanche breakdown causing hot spots on the solar
cell and results the damage of solar cell.

For zero atmosphere for space power application
i.e. 1350 W/m? the solar cell produces rated power. The
irradiance value can be changed manually and the
variation corresponding to irradiance variation can be
observed. When the irradiance value decreases, the

voltage and current level of solar array reduces hence
the power output from the array reduces considerably.

Photovoltaic cells, usually considered to have the
same characteristics, are arranged together in series and
parallel to form arrays.

Cells connected in parallel increase the current and
cells connected in series provide greater output voltages
[3, 4, 6].

The equivalent circuit of PV array under partial
shading conditions (PSC) can be described as illustrated
in Figure 1.
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Fig. 1. Simulation diagram for of PV array under partial shading conditions (PSC)

System description

The satellite power system consist of two stages
"main satellite"-"subsatellite". The DC-DC boost
converter, which will raise the relatively low solar
voltage to a level suitable voltage for the DC link. The
system formation of solar power subsatellite system, is
shown above in Figure 1.

nmn

Hybrid methods MPPT

In the case that different MPPs exist because of the
partial shading, the ordinary strategies of MPPT
methods may converge to local MPPs rather than the
GPmax. This is because in these methods the global and
local peaks can't be recognized [7]. The local MPPs and
GPmax show the same characteristic, derivative of
power with respect to voltage is zero (dP/dV= 0) [2], in
this manner the MPP controller is not ready to recognize
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the real MPP and consequently extracted power of the
PV system decreases significantly.
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Fig. 2. General block diagram of configuration
of Solar Power Subsatellite (SPS) System

A few tests on the PV array utilizing
Matlab/Simulink has been satisfied to accept fulfillment
condition that permit us to know whether there is
partially shading.

It has been obtained some results in conclusion of
simulations; when irradiation varies as uniform on the
entire PV array, the difference between the proportion
of powers (P1/P2) and proportion currents (I;/1;) are very
slight; the proportion of current is calculated by the ratio
of the previous measured the current of the PV array
Ipv(k-1) to the present measured current of the PV array
Ipv(k) and the proportion of power is calculated by ratio
of previous the power of the PV power P(k-1) to the
present power of the PV array P(k) [2]. However, under
PSC, the mentioned difference dramatically varies, not
stable. If variation of the current and the power of the
PV array are observed, it allows detecting when PSC
occurs.

(P(k)/P(k-1))-(Ipv(k)/Ipv(k-1)) >Total difference, (1)

where, P(k) - present power of the PV array,
P(k-1) - previous power of the PV array,
Ipv(k) - present current of the PV array,
Ipv(k-1) - previous current of the PV array.

In order to explain this, the characteristic of the PV
array model is examined in the simulation environment
for in cases of PSC and uniform insolation. For this
study, the model consists of four PV modules connected
in serial. The total output power of the PV array can be
expressed simply as in Eq. (3).

Pr=P+P,+P5+P4 , (2)

where, Pr - the total output power of the PV array,
P; - output power of PV modules.

In case of under uniform insolation, each PV
module produced the same power and the total output of
power can be calculated as in Eq. (2) since the every
module's voltage is approximately the same value.

P, =VM, Tpy s 3)

where, P;- power at first maximum PV power,
Vi - voltage at first maximum PV power,
Ipy - current of PV module.
Substitute Eq. (3) by Eq. (2) can be expressed
simply as in Eq. (4),

Pr=Vy, “Lpy +VM2 Loy +VM3 py + VM4 Loy 4)
VM! = VMz = M; = VM4 (5)
P.=4-P,, (6)

where, Pyv - power at maximum PV power.

The PV current at the MPP (IMPP) produced by
the shaded module can be characterized as in Eq. (2),
where SF is Shading Factor, which is rate of the light of
the shaded module to fully irradiation of the module, the
degree of shading may differ depending on the intensity
of filtering the daylight. This variety is modelled by a
shading factor. A shading factor of one means that
shadowing object filters out all available irradiance. As
opposed to this, a shading factor of zero means that
there is no shading absolutely [7]. The current at the
maximum power point tracking (IMPPT) roughly
linearly related to with short circuit current (ISC) of the
PV array [2-5]. Where, K is a proportionality constant
[2-5]. It has been simulated considering that ISC of PV
module changes with the shading factor relatively and
supposed that cells of every module are working under
the same irradiance.

In this status every module has same voltage value,
hence the PV array power can be computed as in (8).

Loy =Lypp =K - Isc - Tpy, =lyipp, =SF-K - Igc (7

where, Impp - PV current at maximum PV power,
K - proportionality constant,
Isc - short circuit current of PV module.

P, =SF-P,=SF-4-P,, )

where SF - Shading Factor
The Proposed MPPT algorithm in this paper,
incremental conductance (IncCond) method with direct
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control is chosen as the key calculation and indirect
method short circuit current [2, 4, 5].

Accordingly, this paper proposed intelligent
algorithm that is equipped for tracking GPmax under
PSC. The flowchart of the algorithm is appeared in
Fig. 3.

This method can identify the unoriginal-MPP.
Scanning progress starts as soon as this function
satisfies. In this checking procedure we record the all
MPPs and duty cycle (D) all through all the operating
points by changing duty cycle.

Simulation results

To confirm the proposed technique, simulations
are performed for the PV array contains four parallel
modules as shown in Figure (1) also, it is exposed
different insolation conditions as appeared in Table 1.
To test operation of the proposed technique, state of

START
A

changing irradiation of was modeled as appeared in
Table 1, and temperature of 25 °C has been maintained
in these analyses.

Table 1
Test operation of the proposed technique under
different irradiation

Panel Irradiance, W/m?
A B C D
1 1350 675 1350 1350
2 1350 675 1350 1000
3 1350 675 1000 675
4 1350 675 675 350

Simulation of the P-V curve Fig. 4 (a) and I-V
curve Fig. 4 (b) of PV module under PSC are
represented in Figure 4.

Measure Vpy(K) , lpy(k)
Calculate P(k)=Vpy(k) , lpv(K)
P(k-1)=Vpy(k-1) , lpv(k-1)
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P(k)/P(k-1)-loy(k)/Ipy(k-1) <Atotal

DV = V(k) - V(k-1)
DI = I(k) - I(k-1)
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For each D calculate P and
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Fig. 3. Flowchart for the proposed MPPT control algorithm
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conditions (PSC)

The results of the equation are organized in
Table 2 as indicated by the estimations values of power
and current which are obtained from Fig. (3).

Table 2
Outcome of the proposed algorithm
Power, W | Con.1 [238.5|238.5(238.5|238.5(238.5|238.5
Ipv, A Con.2(79.13(140.3| 108 [96.46(92.91|57.96
o A Con.1| 9 9 9 9 9 9
v Con2| 4.1 |58 ]3.9[549[3.94] 2.1
Proportion| Pi/P2 | 3 | 1.7 |2.21]2.47]2.57 |4.115
value Ii/I; {2.19]1.55[2.31|1.64|2.28|4.28
Difference(P1/P2-
Atotal | T/l 0.81(0.15| 0.1 [0.83]0.29 |0.165

Under partial shading conditions (PSC), output
power of PV unit is strongly depended from the value of
the duty cycle, there is corresponded certain value of
duty cycle which provides maximum output power level
and different output voltage 24,26,28,30 volts as shown
in Figure 5.
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Conclusions

As we can see at Figure 5 each curve in
dependence P,y from Duty Cycle have obvious extreme.
Location of this extreme is defined of main bus voltage
and illumination conditions. So, right controlling of
working of subsatellite power system demands of
defining in each moment of right value of Duty Cycle
which provides maximal output power on the load.

The proposed technique for tracking maximum
power point of photovoltaic arrays that has better
performance even under partial shading condition than
the conventional tracking algorithms. To accept the
execution of the proposed algorithm, simulations
concentrates on have been performed. For the present
introduces study, boost converter is utilized as the DC-
DC interface for MPP tracking observe in conjunction
with PWM (pulse width modulation). The outcomes
have demonstrated that the proposed approach has a
capacity tracking MPPs accurately under partial shading
conditions.

Also the results of the study allow us to conclude
that conventional MPPT methods not well suited for
solving the above problem due to the presence of
multiple extrema in the power curve under partial
shading of the few solar panels connected in parallel.
Possible additional losses can amount to 7-9 % of the
output power.
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Hocmynuna 6 peoarxyuio 28.10.2016, paccmompena na peokonneeuu 7.12.2016

OTCJEXHUBAHUE TOUKH MAKCUMAJIbHOM MOIIIHOCTH
COJIHEYHOM SHEPITOCHUCTEMBI CYBCITYTHUKA,
PABOTAIOIIEM B YCJIOBUSIX YACTUYHOI'O 3ATEHEHU S TAHEJIEN

Anu M. /Icacum, FO.A.Illenemos

Lenpro naHHOW paOOTHI SIBISIETCS M3YdeHHE OCOOCHHOCTEH OTCIIEKMBAHUS TOYKH MAaKCUMAaJbHOW MOIIHOCTH
(OTMM) pnanst CONHEYHOM HHEProCUCTEMBI CYOCITyTHHKA B YCIOBHSX YaCTUYHOI'O 3aTEHEHUs MaHeleH.
OHeprocucremMa cyOcIyTHHKAa pa0oTaeT mapauieibHO ¢ Tropa3fo Ooniblied 10  MOLIHOCTH —CHUCTEMOM
9JIEKTPOIIUTAHUS OCHOBHOTO CITyTHHKA. MOIENUpOBaHHE IPOBOAMWIOCH ¢ momoiibio Matlab/Simulink. Beutn
paccmotpensl pazindabie Merogsl OTMM. Pe3ynbrathl McClieoBaHUs TO3BOJAIOT CAENATh BBIBOJ O TOM, YTO
obbrunble Metonmel OTMM He BHONHE MOAXONAT Ul PEUICHHS paccMaTpUBAaeMOM 3ajayd W3-32 HAJIWYUS
HECKOJIBKUX JKCTPEMYMOB Ha KPHBOH MOIIHOCTH B YCIOBHSAX YaCTHYHOI'O 3aTEHEHHUS HECKOJBKHX COJTHEYHBIX
NaHeNel, BKIIOUEHHBIX MapaljieibHo.

Karouessbie ciioBa: (oTodnekTpryecKas SHEProycTaHOBKA, OTCIESKUBAHNE TOUKH MaKCUMAaJIbHOW MOIITHOCTH,
CIIyTHUKOBasi 3HeproycraHoska, Matlab/Simulink.

BIJICTEXKEHHS TOUKU MAKCUMAJBHOI MIOTYAKHOCTI
COHAYHOI EHEPTOCUCTEMH CYBCITYTHHUKA,
1O ITPAIIIOE€ B YMOBAX YACTKOBOI'O 3ATIHEHHSI ITAHEJIEN

Ani M. J[orcacin, FO. O. Illenemos

Meroto naHOT poOOTH € BHBYEHHSI OCOOJMBOCTEH BiJCTE)KEHHS TOYKM MakcuMaibHOI mortyxHocti (BTMII)
JUIE  COHSIYHOI EHEprocHCTeMH CyOCIyTHHKa B YMOBaxX YacTKOBOIO 3aTiHEHHs TaHened. EHeprocucrema
CyOCIyTHHMKA TIpAIfO€ ITapajieIbHO 3 CHCTEMOI Ha0araTo OUIBIIOI MOTY)KHOCTI €IEKTPOXXHMBICHHS OCHOBHOI'O
cynyTHuKa. MozentoBaHHs POBOAMIIOCS 3a nonomoror Matlab/Simulink. Bynu posrsnyri pisai merogn BTMIL
PesynmpTaTH MOCTIIKCHHS TO3BOJISIOTH 3POOMTH BHUCHOBOK MpO Te, Mo 3BHuaiiHi Meromu BTMII He mikom
MAXOAATh Ul BUPILIEHHS PO3TJISTHYTOI 3a/adi 3a HasBHOCTI JEKIJIbKOX EKCTPEeMYMIB Ha KpHUBIH MOTYKHOCTI B
YMOBAax 4aCTKOBOI'O 3aTIHEHHS IEKUIBKOX COHSYHUX MaHelNei BKIIIOUYEHUX MapaellbHO.

KarwudoBi ciioBa: ¢oToeiekTpuyHa EHEeproycTaHOBKA, BIJCTEXKEHHS TOYKM MAaKCUMalbHOI MOTYKHOCTI,
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