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Simulink models of PV modules

Current-input PV module

s|ipv PV module (I) Vpv 3

>|Insolation Ppv »

Inputs: R
* PV current I, [A]
* Insolation [W/m?]
Outputs:
* PV voltage Vpy, [V]
* PV output power Ppv [W]
This model is well suited for the case
when modules are connected in
series and share the same current

Voltage input PV module

PV module (V) ]
v Ipv }

p

> Vp

>|Insolation Ppv »

PV1
Inputs:

* PV voltage V;,, [V]
* Insolation [W/m?]
Outputs:
* PV current Ip, [A]
* PV output power Ppv [W]
This model is well suited for the case
when modules are connected in
parallel and share the same voltage

Model parameters, in both cases, are the standard
PV module data-sheet parameters:
* short-circuit current /,
* open-circuit voltage V
» rated current /, at maximum power point (MPP)
- rated voltage V, at MPP

under standard test conditions (1kW/m2, 1.5 AM,
25°C). A bypass diode (a single diode across the
entire module) can be included. Temperature
effects are not modeled.
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PV cell circuit model and equations

KCL: 7
D _
lsc—Ip——==1py =0
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PV cell

KVL:

VPVcell — VD - Rsl PV
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Simulink Implementation

» Both PV module models are implemented as masked subsystems in Simulink
» Look Under Mask (right-click or Edit menu) reveals details of the model

implementation

» Details of the current-input PV module model:

PV module (T)
Vpv

v

Ipv

>|Insolation Ppv »
PV1
>
Saturation
L » -Vt*log((u/lo)+1) d max
—>
By-pass diode MinMax
Rs L
){Rs i )
Product
Diode
Ipv
Constant—‘
G Isc = ¢ Solve - Ns E:\
z >© »(+_ @ s=0 Z*[Va ’@ Vpvcell S_v.vitch
nsolation Insolation to Algebraic Constraint Ns
current gain
Id

lo*(exp(u/Vt)-1 ! .
Nouts: 3 0" (expUVIHT) —] Outputs:
. PN-junction characteristic PV Volta e and

PV current and e e Pvg
insolation 1/Rp POWET
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Inside the current-input PV module model

>

Saturation

L— | -Vt*log((u/lo)+1) P max
—»
By-pass diode MinMax
Rs
X
st B Nilipge®)
lpv Product pv
Diode
Ipv
Constant
=
Isc = Solve = H >
H G >© > bl (10 T >© oo >{ Ns E_.. Vou
Insolation Switch

Insolation to
current gain

KCL solved for V,

using Algebraic

Constraint block
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Algebraic Constraint

19 1 1o*(exp(u/Vt)-1)

<<

Vd/Rp

1/Rp

1/Rp

PN-junction characteristic

\

VPV - Ns VPVcell

N, =number of cellsin series

VPVcell =Vp _RS] PV

I, =1,[e"" -1



Inside the current-input PV module model

|
Saturation
L— | -Vt*log((u/lo)+1) P max
—>
. By-pass diode ‘ MinMax
Bypass diode current f
cannot be negative " BN
O 2 B > D
Ipv Product Ppv
Diode
Ipv
Constant—‘
Isc — olve — _\ (1
In-n > C ’@ ’? > @ f(Sz)I=0 *Tva ’@ Vpv el »{NS AE:_V'V“ch
Insolation to Algebraic Constraint Ns
current gain
=+ 19 1 lo*(exp(u/Vt)1) Jg—h
PN-junction characteristic
Vd/Rp TR .
— Select Vp,, with
p [l
bypass diode
(‘Diode” = 1) or
7 i s L1| without bypass diode
Dbypass t ]0 (“Diode” :O)
Bypass diode voltage
(if forward biased)
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Model Mask: Parameters

» Edit Mask (right-click or Edit menu), click on Parameters
» This is where the masked subsystem model parameters are defined

-,

21 Mask Editor : PV1 LoE

-Dialog parameters

A= Prompk YWariable Tvpe Evaluate | Tunable
Shart-circuit current Isc edit [ ne
P Cpen-circuit volkage Wi edit [
Current ak Prna Ir edit [
oltage at Proax W edit [
By-pass dinde? Dinde checkbox |

REEER
FEEERF

|

-0pkions for selecked parameter

Fopups {one per line):  In dialog: Shiow parametet Enable parameter

Dialog
callback:

[ I, ][ Cancel H Help ][ Apply ]
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Model Mask: Initialization

« Edit Mask (right-click or Edit menu), click on Initialization

« The MATLAB code computes model parameters /,,
(short-circuit current /., circuit voltage V,

based on the model parameters
e, rated voltage O and rated current /)

# Mask Editor -

PV

=1

| Icon | Parameter

iﬁaﬁzaUDﬁEiDocumentaHnn

~Dialog variables -

~Initialization commands

Isc

caleculation of PV module paraweters

oo

£
% limitation: constant Cemperature

Ir

WE

Nz = round(Voc/0.61); % default nunber of cells in series

Diode

YVt = Z26e-3; % thermal wvoltage

G = Iac/1000: % irradiation to short-gcircuit current gain

Vipe = Ve/Ns: % cell voltage at rated Pmax
Vooo

Voc/N=s; % cell open-circuit wvoltage
RPrpp = Vmpe/Ir: % cell load resistance at FPmax
%

Rp = 100*Voce/Isc; % initial wvalue for Ep

Vdm = Voo % initial walue for WVdm

2,

S
% iterative solution for model parameters: Io, Rs, EREp
for i=1:10

%

Idm = Isc - Ir - Wdw/Rp:; % pn-junction (diode) current at MPP

Idm = Vt/Bd; % diode current at MPP hased on incremental resistance
Rp = Vdmw/ (Isc-Ir-Icn); % cell parallel resistance

%

end

£

Io = (Iac-Vocco,/Rp)/ (exp (Vooo,/,Vti—-11: % pn—-junction reverse saturation current
Vdm = Voerlog(Idm/Io+1l): % pn-junction (diode) woltage at HMPP

Rz = (Vdw—Vmwpe)/Ir; % cell series resistance

Bd = (Fmhp — E3) *Ep/ (Rp-Frwpp+Rs): % diode incremental resistance at MPFP

Allo

[ Ok, ][ Cancel ][ Help ][ Apply ]
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Application Example: PV Array

PV array consisting
of 6 PV modules
connected in series

lpy

I

+
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Insolation

Ipv Ramp

>

PV module )
pv Vpv

Insolation Ppv
PV1
lov PV module (I)va
==
Insolation Ppv
PV2

PV module (T)
pv Vpv

Insolation Ppv
PV3
PV module (T)

Ipv Vpv
Insolation Ppv
PV4
PV module (T)

Ipv Vpv
Insolation Ppv
PV5
PV module (T)

Ipv Vpv
Insolation Ppv

PV6
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6-module PV Array
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Simulink model
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Inside the voltage-input PV module

V.

V.

Insolation Pov }

vpy PV e ) 1oy 4

PV1

Ipv

Insolation
Insolation

Vpv 1

Ppv

PV module (I)

Inputs:
PV voltage and
insolation

Current-input
PV model
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O o NGB
Algebraic Constraint Ipv
! »(2)
Ppv
Outputs:
PV voltage and
Algebraic PV power

Constraint block
solves for I, that
results in Vp,

10



Application Example: PV Module Characteristics

Simulink model:
' pv_characteristic.mdl o
NN el

Vpv

_ PV power
—>[O]
—>

|-V characteristic

PV module (V)
Y Ipv

==
|_'_rrr P»|Insolation Ppv

Insolation PV1

Insolation = 200, 400, 600, 800, 1000 W/m?
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