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A NEW MODELING APPROACH TO SINGLE-DIODE MODEL OF
SOLAR PANELS USING MULTISIM SOFTWARE

A.T. Simonyan
National Polytechnic University of Armenia

There are many variations of the solar panel model, but the one with one diode and
two (parallel and series) resistors is the most exploited model for PV panel investigation. In
this scheme, the diode represents a semiconductor material of the solar cell and the series
resistance represents the energy dissipated in the form of heat in the electric circuit. The
doping of the semiconductors is not perfect, and hence there are defects in the solar panel.
These defects can cause alternative paths (shunt), so this effect is presented as a shunt re-
sistance in the circuit model.

Calculations for the solar panel model with one diode and two resistors were main-
ly carried out with MATLAB or other similar mathematical programs. Thus, these works
are based on complex mathematical calculations. The proposed new modeling approach in
this work is simpler from the implementation point of view, and also provides an equivalent
accuracy.

In this work, a simulation of a solar panel model with one diode and two resistors
is performed in the MULTISIM environment, taking as a basis the data of the BP MSX 120
datasheet. As a result of simulations, we have obtained the volt-ampere characteristics of
the solar module of the mentioned model for temperatures of 0°C, 25°C, 50°C, 75°C.

We have compared the results with the results of the mathematical modeling and
showed the viability of the proposed new modeling approach for PV panel exploration.
Furthermore, we have compared the simulation data with measurement results and showed
the temperature dependance of root-mean-square deviations of these data.

Keywords: solar panel modelling, PV cell, testing system, solar energy, physical
losses in solar panels.

Introduction. As an ideal model of a solar panel, a single-diode circuit is
presented, where the diode is the result of the semiconductor material of the solar
cell [1, 2]. The equivalent scheme of an ideal solar cell is shown in Fig.1.
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Fig. 1. The model of ideal solar panel
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However, in the case of an ideal model, the possible physical losses are not
taken into account, as a result of which it is not possible to determine the operation
of the solar panel in real conditions and obtain the corresponding characteristics.

Another well-known model for characterizing the solar panel performance
is the physical loss mechanism with one diode and two resistors [3-5].

In Fig.2, the series resistance R, represents the energy dissipated in the
form of heat in the electric circuit. As in any electrical circuit, in solar cells, the
conversion of electricity is not perfect: some of the electrical energy is converted
into heat, causing thermal losses. We can include these loses in our circuit model as

a resistance in series with the load [2].
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Fig. 2. The physical loss model of a solar panel with one diode and two resistors

The doping of semiconductors into p-type or n-type is never quite perfect,
and inevitably there are defects in each solar cell. These defects can provide alter-
nate paths that electrons can travel through instead of our desired load. When the
current takes a shortcut to the end instead of going through the desired wire, this is
called a short circuit. Another word for short-circuit is a shunt, so this effect is of-
ten presented as a shunt resistance Rg, in the circuit model [2].

The experimental data presented in the solar panel documentation is not
enough to build the actual characteristics of the panel, because the presented data
corresponds to the standard test conditions (STC) [3]. The latter represents the
characteristics of the solar panel under ideal testing conditions. Therefore, it is not
advisable to accept these conditions as a basis for obtaining the actual characteris-
tics of the device.

The system. In article [4], the single-diode model was implemented using the
MATLAB package, based solely on the data from the BP MSX 120 datasheet. As
an outcome of accurate approximations of the equations, the obtained results in the
article are very close to the datasheet temperature dependence characterizing
curves.

The general current-voltage characteristic of a PV panel based on the sin-
gle exponential model is [6-9]:
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In the above equation, V; is the junction thermal voltage:
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The formulas with temperature dependences, with which the values of the
starting parameters for modeling are calculated, are given below:
Voc(T) = Voc + kv(T = Tsre), 3)
ki

oD = Iy (1415 (7 = Tir0)), @

where V. is the open-circuit voltage and I is the short-circuit current.
The dark saturation current I, temperature dependence equation is:

_Voc(m)

1o(T) = (1o (7) — b0 -
The temperature dependence equation of the photocurrent is:
Yoc(T)
Ion(T) = Io(T)e ™Ve + %(:) (6)

where A is the diode quality (ideality) factor, k - the Boltzmann’s constant, g - the
charge of the electron, n, - the number of cells in the panel connected in series, k; -
the temperature coefficient of I,., k,, - the temperature coefficient of V..

In this work, we propose a method through which we obtain adequate data in a
simpler way: using NI MULTISIM package.

The model and simulation. In the MULTISIM environment, we built a model
circuit with a single diode. Using the data given in the article [4], we set the values
of the resistances R and R, (Fig.3).
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Fig. 3. The schematic representation of the one-diode model (in STC conditions) of PV cell
in MULTISIM environment
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From the components menu we selected DIODES_VIRTUAL -> DIODE.
Then we adjusted the VIRTUAL DIODE parameters for the set temperature

(Fig. 4).

DIODE X

Label Display Value Fault Fins  Variant
Tools v Views v B

Instance parameters: Tools ~ Views ~ i Value Unts  Use default
3.2780904806962. 01 A o
Na... Description Value  Units Use defa... Show on sche... o @
AREA  Area factor 1 =] hone 100.584 o
TEMP Instance temperature 25 oc O wene sec [~
OFF  Initially off 0 ] Hene F |7}
IC  Initial device voltage 0 v B Hone =}
%]
Vo Use defoult
%}
%)
%)
%)
2 m]
5 u}
2 [u]
%)
Edit component in DB
>
Save component to DB
Edit package
Edit model
==

Cancel welp

Fig. 4. Virtual Diode settings menu in MULTISIM environment for 25°C condition

Instance temperature, TNOM-Parameter measurement temperature,
T_MEASURED-Parameter measurement temperature, T_ABS-Model measure-
ment temperature parameters are set to 25°C condition, IS -Saturation current, the
value of the saturation current according to the corresponding temperature are set.
The value of the N- Emission Coefficient parameter was determined by extraction
from Eq. (1) and Eq. (2) the product of the number of cells in the panel connected
in series ng and the diode quality factor A:

N=A'n,. )

We have carried out ‘“Parameter sweep” simulation and obtained I-V char-
acteristic curves for different temperatures (0°C, 25°C, 50°C, 75°C) (Fig. 5).
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Fig. 5. Simulation settings menu and simulation results in MULTISIM environment
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The results. Using the Eq. (1)-(7), we have calculated the model parameters
for different values of temperature. Using the obtained results, we have performed
modeling in the MULTISIM environment, and then, using the DIADEM software,
we compared the graphical data from the datasheet with the graphs that we re-
ceived. The results of the comparison are shown below, temperature dependences
of R and R, are not taken into account (Table 1, 2).

As a result of simulation in the MULTISIM environment, we obtained data
shown in (Fig. 6) (cross markers), which completely correspond to the results ob-
tained with the MATLAB simulation in the article [4] (Fig. 6) (solid lines). Howev-
er, both results have some deviation from the datasheet values obtained by perform-
ing real measurements (Fig. 7).

Table 1
Datasheet data
Temp. 259%/STC 0° 50° 75°
Parameter
Isc [A] 3.789702 3.716982 3.8718455 3.948218
Voc [V] 41.7 45.47 38.1 34.1943352429887
Table 2
Modeling results
Temp. 25%/STC 0° 50° 75°
Parameter
Isc [A] 3.87 3.8071125 3.9328875 3.995775
Voc [V] 42.1 46.1 38.1 34.1

Voltage [V]

Fig. 6. Simulation results (cross markers) compared to the results in [4] (solid lines)
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To evaluate the deviation between simulation and measurement results, we

calculated the root-mean-square deviation (RMSD) Eq.(8) for I-V curves at each
temperature:

N -y
RMSD = |Z=iTf0” ®)

N i)
where i is the summation index, N - the number of data points, x; is actual observa-
tion series (measurement data), x; - the estimated series (simulation data).
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Fig. 7. Simulation results (cross markers) compared to the measurement results from
datasheet (solid lines)

The calculation results of RMSD for different temperatures are shown below
(Table 3).

Table 3
The calculated RMSD values of I1-V curves obtained

by measurement and simulation

T,°C RMSD
0°c 0.206287
25°C 0.273145
50°C 0.0377
75°C 0.0462355

Conclusion. In this work, we have proposed a new method of solar panel
modeling with one diode and two resistors. The method involves usage of the
SPICE based MULTISIM simulation software instead of the traditionally used

mathematical modeling softwares, which simplifies the modelling process signifi-
cantly.
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We have executed a simulation of a solar panel model in the MULTISIM
environment, taking as a basis the data of the BP MSX 120 datasheet. As a result,
we have obtained the |-V characteristics of the solar module of the mentioned
model for temperatures of 0°C, 25°C, 50°C, 75°C. We have compared the results
with the results of the mathematical modeling and showed the viability of the pro-
posed new modeling approach for PV panel investigation.

Next, we have compared the simulation data with measurement results of
the solar panel [10]. Although, the simulation and measurement results are in gen-
eral close, there is a significant deviation between them. The calculated root-mean-
square deviations of these data show temperature dependance. So, we assume, that
this deviation can be further reduced by introduction of new temperature depend-
ances of model parameters, which will be introduced in our future works.
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Urs4ushu 4UuzZUuuUuLGrk Uty HhN1MUSHL UNYELE UNYELUYN U UL
LAL UASE3NRU MULTISIM OCUGCE UPNULUUUR

U.S. Uhuniyut

Upluwyhtt quhwtwyh dnphh pugnud wwppbpujubp Jub, vwuyt Juhwtwyh
punipwqntpp jwwugnyuu wpunwhwyund t dby nhongnd b Gpint (qgniquhbn b
hwonppuljut) phiwnpmpiniuitpny nwwppkpulp: Uju ujubdwnud nhnngp ubpuyugund k
wplughtt Juwhwiwlh Jhuwhwnnpnsughtt ympp, hul hwenpyulumb phuwnpnipmip’
hEyupuut onpuynid  ohpunipjut wikupny gpdws Lubpghwi: Yhuwhwnnpphsubph
muhtugp Juuwpuy sk, b htnbwpwp' wpbwhtt Juhwbtuynd jub wpuwnubkp: Uy
wpwwnbbkpp Jupnp ko wpwewgtl] wyjptnpwupuyhtt ninhkp (onitn), nitunh onpuyh
Unnbnud wyu EpElunp tkpluyugynmd E npybu gnitinughtt nhuiwnpnipinie

Uty ghnnny b tpynt ghdwugpmipniittpng wpbwjhtt ywhwbwlh dnglkh hwdwp
hwoJuplutpp  hpdtwuimd  hpwljwbwugdt; tu MATLAB Jud wdwbwwnhy
dwpbdwnhulut dpugpbpny, pwih np wyn wojuwwnwbpubpp hhdugnud tu pupg
dwphdwnhjuut hwpduplutph Jpu: Uju wohiwnwipnid wpwowplyny wwpphpulji
wnuwyk] wupq b hpujuwiwgdwl whuwblnithg, pugh wyn, wywhnynud E hwdwpdbp
Sonnipnii:

Ushiwtnwupnid juwnwpyby E Ukl nhnnnd b Gpnt phdwnpmpinibbtpng wplhwgh
Jwhwbwlh Unyljh MULTISIM dhowujpnid dnnbjudnpmid npwbu hhdp pagnityng BP
MSX 120 wplwjhtt Juhwbwlh wtdtwgqpuyhtt ndjujutpp: Usjuwwnwitph wpmyniupnid
unwgyl] bt wpyws dnpkih wpbhwhtt Jwhwiwlh Ynjun-wdybpughtt pimipwgstpp 0°C,
25°C, 50°C, 75°C ghpdwuwnhfwtubph nhupnud:

Zudbdwndl] B vnwgduwd  wpynibpubpp dwpbdwnhjujuwt  dngijudnpdut
wprniupubtiph htwn, U gnyg b wnpdtp $nnngnjnuyhtt quhwbwlutph hbnwgnundw hwdwp
wnwowplyny tnp Unnkgdudp dnphjuynpiut jEuunttwlnipniup: Zudkdwngt) B tub
Unnijwynpdwt mjujikpp swhdwb wpnyynitiputph htwn, b gnyg £ wipdb wyn wdjuukpp
Uhohti punwlniuwght ghnnidubtph ohpdwunh&wtiughtt jujujwsdnipniup:

Unwiigpuyhll punkp. wiplughtt Jwhwiwlubph dnpljwynpnud, $nuinnynpinughti pohey,
ptunwynpiwt hwdwlwnpg, wplughtt Eubpghw, $hqhwlwt Ynpniunbbp wphwght
Juwhwbwlubpnud:
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HOBBII MOAXO0/1 K MOJAEJUPOBAHUIO OJTHOINOHON MOJEIN
COJIHEYHBIX MAHEJEN C UCITOJIb30BAHUEM ITPOT'PAMMBI
MULTISIM

A.T. CumonsH

CymecTByeT MHOXECTBO BapHAHTOB MOJECIH COJHEYHOW IaHeNn, HO Hambolee
UCIOJIB3YEeMON TpU HUCCICHOBAaHUU (HOTODICKTPUUCCKUX TMAHENCH SBISACTCS MOMICTH C
OJIHAM JHOJOM M JIByMsl (TMapajjieNbHBIMU U MOCJeI0BaTeNIbHBIMU) pe3ucTopamu. B sToit
CXeMe JIUOJ IIPE/ICTABISIECT COOOH IMOTYyTIPOBOTHUKOBBIN MaTepHa COTHEYHOTO AIIEMEHTA, a
MOCJIEIOBATEIFHOE COTPOTHBIICHHE - OJHEPIUIO, pacceWBaeMyld B BHIE Tella B
ANEeKTpUYecKoi 1enu. JlernpoBaHue MOJYNPOBOJHUKOB HE HJEANBbHO, U TOITOMY B
COJTHEYHOH MaHeNTN UMEIOTCA JAe(eKTH, KOTOPHIC MOTYT BBI3BAaTh aIbTCPHATHBHBIC ITYTH
(mryatupoBanme). I[loaToMy »STOT 3(QQeKT mpencTaBieH B MOJCIH CXEMBI Kak
IIYHTUPYIOLIEEe COMPOTUBIICHHE.

PacueTsl 111 MOJieNnN COTHEYHOW MaHeIN C OJTHUM JTUOJIOM H JABYMS PE3UCTOpaMu
B OCHOBHOM NPOBOJMIMCH ¢ oMoulbio nporpaMMbl MATLAB unu qpyrux aHamoruyHbIX
MaTeMaTHUeCKuX mporpamm. [losToMy 93TH  pabOTBI OCHOBaHBI HA  CIIOXKHBIX
MaTeMaTHYeCKHUX pacyeTax.

B nmanHO# paboTe BBINOIHEHO MOJAEIMPOBAHUE MOJETH COJHEYHOW IMAHETH C
OIHUM 1uoAoM M nByMs pesuctopamu B cpene MULTISIM. 3a ocHOBY OBITH B3STHI
JIaHHBbIe TEXHUYECKOro macmopTa cosHeyHoro monyias BP MSX 120. B pesynbrare
MOJIETUPOBAHUSl TIONYUYEHBl BOJbT-AMIIEPHBIE XAPaKTEPUCTHUKU COJHEYHOTO MOJIYJIS
yKkasaHHO# mojenu as temnepatyp 0°C; 25°C; 50°C; 75°C.

CpaBHeHHUE TONYUYEHHBIX PE3yJIbTAaTOB C pe3yJbTaTaMH MAaTeMaTHYECKOTO MOJIENH-
POBaHMSI MOKA3aJ0 KU3HECTIOCOOHOCTh MPENJIOKEHHOTO HOBOTO MOJX0Ja K MOJEINPOBa-
HUIO ()OTOITEKTPHUCCKUX MAHEJCH, a CpaBHCHUE JaHHBIX MOJACIHPOBAHUS C pe3yIbTaTaMHu
HU3MEPEHUH - TEeMIIepaTypHYIO 3aBUCHMOCTh CPEJIHEKBAIPAaTHUHBIX OTKIIOHCHUH STHX JaH-
HBIX.

Knrouesvie cnoea: MonenupoBaHue COMHEYHBIX MaHENeH, (HOTOIIEKTPUIECKUE dIie-
MEHTHI, TECTUpyEeMasi CHCTeMa, COJIHEYHAs SHEpPrus, (U3MYECKHUe MOTEPHU B COITHEUHBIX
TAHEJSX.
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