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Abstract: With an increasing number of photovoltaic (PV) power stations integrated into the power grid, a model which 
is suitable to be used in the power system electromagnetic transient simulation is required. So in this paper, a detailed PV 
power system model is provided. In the model, the core components, such as PV array and inverter are all considered. 
Then in a certain case, which contains a PV power system, are simulated and analyzed. The results show that the model 
could reflect the electromagnetic characteristics of PV power system effectively. 
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1. INTRODUCTION 

As a type of renewable energy generation technology, PV 
power systems are popular in many countries and an increas-
ing number of PV stations are being integrated into the pow-
er grid. Different from other traditional rotating generation 
units, PV systems are a static generation unit, which are 
based on the power electronics and photoelectric conversion 
technologies without inertia. The output of PV system fluc-
tuates with the variation of irradiance, temperature and other 
environmental conditions. These effects would bring nega-
tive effects on the security and stability of the whole power 
system [1-3]. Therefore a suitable and effective simulation 
model is required in the power system analysis and assess-
ment, when a PV station integrates into the power grid. 
Through the modeling and simulation, the effects on grid 
brought by PV station and the corresponding measures will 
be obtained and provided. Finally, the PV station integrates 
into the grid adequatly. 

According to the different simulation purposes, the pow-
er system simulation models are mainly classified and used 
in the scenarios of power flow calculation, short-circuit cur-
rent calculation, electromagnetic transient simulation and 
electromechanical transient simulation. And due to the struc-
ture and scale of PV power system, the modeling process 
consists of parts modeling (such as (PV array, inverter, etc), 
unit modeling and station modeling. Many institutes and 
organizations such as: International Electrotechnical Com-
mission (IEC), Western Electricity Coordinating Council 
(WECC), Electric Power Research Institute (EPRI), DIg-
SILENT GmbH, GE etc, have engaged in the research 
 
 

about it [4-6]. IEC, WECC, EPRI have focused more atten-
tion on the general modeling and model verification and the 
equipment companies focus on the special development 
model for their own products [7-9]. 

 In this paper, the electromagnetic model of PV power 
system is provided and analyzed. The key parts of PV sys-
tem are considered such as PV array and a inverter. And then 
a certain case is simulated and analyzed, in order to demon-
strate the effectivness and validity of this model. 

2. THE TYPICAL STRCUTURE OF PV POWER SYS-
TEM  

A typical PV station consists of PV array, inverter unit, 
step-up transformer, in-station lines, reactive compensation 
devices and station main step-up transformer, as shown in 
the Fig. (1). The PV array produces DC electricity by photo-
voltaic effect, the inverter convert the DC current to AC cur-
rent and steps up the voltage, transmits into the grid by trans-
formers and lines. 

Accordingly, the PV station models mainly consist of PV 
unit models, electricity collector and voltage set-up system 
models and reactive compensation models etc [10-12]. Be-
cause that the models of lines, transformer and reactive com-
pensation devices have been studied mature in many litera-
tures, these models are not repeated in this paper. 

3. THE MODEL OF PV ARRAY 
The PV array consists of many series and parallel PV 

modules. A theoretical model schematic is shown in the Fig. 
(2). 

Based on which, the non-linear IV characteristics equa-
tions are established and provided [7]: 
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Where: 
Iph: photo-generated current, vary along with the change 

of irradiance and temperature. 
I0: reverse saturation current of bypass-diode, influenced 

by temperature. 
q: electron charge,1.602 e-19 C. 
k: Boltzmann constant,1.381 e-23 J/K. 
A: diode curve factor, valued between 1 and 2. 
Rs: the equivalent series resistance. 
Rsh: the equivalent parallel resistance. 
T: thermodynamic temperature. 
With the condition of high irradiance, Iph>>(U+IRs)/Rsh, , 

the dark current is very small. Therefore, the short circuit 
current of PV module is Isc≈Iph. Generally, the series re-
sistance Rs is very small and the bypass resistance Rsh is very 
large. This makes the energy conversion efficiency very sen-
sitive to the change of Rs, but scarcely influenced by Rsh. 
For the ideal single PV modules, there is no series resistance 
and bypass resistance, i.e. Rs=0，Rsh=∞. 

The formula can be simplified as [8-9]: 

( )
OC

OC m

SC

-
SC m

SC

OC

= 1- -1

-=

1 1+= ln

U

U
U U

I I e

I I
I

U

βα

α

αβ
α

⎡ ⎤⋅ ⎣ ⎦

⎛ ⎞
⎜ ⎟
⎝ ⎠

⎛ ⎞⋅ ⎜ ⎟⎝ ⎠  (2) 

It is shown that the mathematic model of PV module can 
be described with these four technical parameters (open cir-
cuit voltage Uoc, short circuit current Isc, voltage at the max 
power point Um, current at the max power point Im). These 
parameters are all obtained in the standard test conditions 
(reference irradiance Sref=1000W/m2 and reference ambient 
temperature Tref=25 ℃). 

If the PV module is operating at a random point, the IV 
characteristics can be derived from the formula (2): 
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Fig. (1). Typical Structure of PV Station. 
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Fig. (2). Theoretical schematic of PV module. 
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In which, for the silicon PV modules, the typical recom-
mended value of a, b and c are 0.0025, 0.0005 and 0.00288 
respectively. 

4. THE MODEL OF PV INVERTER  
The electromagnetic transient models of PV are divided 

into two parts: controller models and identity models, as 
shown in Fig. (3). The controller models mainly include ac-
tive power control strategy, reactive strategy, current ampli-
tude limiting strategy, fault ride through strategy, etc [13-15]. 
The control systems are usually built in D-Q rotating coordi-
nate system, in order to realize the decoupling of active and 
reactive power control. The identity models mainly refer to 
the circuit model of inverter. 

4.1. Identity of Inverter 

 The circuit topology of inverter is of three-phase bridge 
circuit, each phase of circuit is divided into upper and lower 
bridge arms. Each bridge arm is composed of IGBT and the 
opposite parallel diode. Because of the continued flow of 
reversed diode, IGBT and diode consists of a two-way 
switch, so that the two-way flow of current and energy is 
possible, It is shown as Fig. (4). 

 According to Kirchhoff’s voltage law, the AC differen-
tial equations of inverter can be obtained in the static coordi-
nate [16-18]. 
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Where, Sa, Sb and Sc are the switch functions representing 
the state of switch on the upper or lower three-phase bridge 
arm. 

4.2. Active Power Control Strategy  

The active power control strategy mainly includes MPPT 
control and DC voltage control. Under the normal condition, 
the MPPT controller put out the reference voltage Udcref, 
and the deviation between Udcref and Udc is put into the PI 
controller, then the reference value of active current ipcmd is 
provided (Fig. 5). 

4.3. Reactive Power Control Strategy 

There are two control modes for reactive control: power 
factor mode and reactive power mode. In the power factor 
mode, the reactive power order Qcmd is calculated according 
to power factor PFref and active power Pgen. In the reactive 
power mode, the referenced value Qref is set as a constant or 
obtained from the station control system. The deviation be-
tween Qcmd and Qgen is put into the PI controller and then the 
referenced reactive current iqcmd is obtained. In the current,  
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Fig. (3). Schematic of PV electromagnetic transient models. 
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Fig.(4). Circuit topology of inverter. 
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many inverters are operating with the rated power, so iqcmd 
can be set to 0 (Fig. 6). 

4.4. Current Amplitude Limiting Strategy 

The strategy limits the current amplitude of inverter in 
the range of the maximum permissible current imax. And 
according to the different priorities, the strategies are classi-
fied into active power priority mode, reactive power priority 
mode and equal priority mode. 

In active power priority mode: 
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In reactive power priority mode: 
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In equal priority mode: 
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4.5. Current Control Model 

 Generally, the current controller adopts the feed-forward 
decoupling strategy, including PI control and feed-forward 
decoupling links, which is shown as Fig. (7). 

4.6. Fault Ride- Through Model 

In order to support the recovery after a power system 
fault, the grid-connected inverters should have the fault ride-
through function. This function generally includes low volt-
age ride through and high voltage ride through. Low voltage 
ride through means that when the voltage at the interconnec-
tion point drops, caused by fault or disturbance in the power 
system, the PV station should ensure the continuous opera-
tion and should not disconnect from the grid, in a certain 
voltage levels and time ranges.  

5. CASE STUDY 

According to the above analysis, a case study is estab-
lished in the MATLAB with a 500 kW inverter. The models 
include three parts: main circuit, PV array and a controller. 
The rated power of inverter is 500 kW, the rated AC voltage 
of inverter is 270 V and the transformer ratio is 270 V / 
36.75 kV, as shown in Fig. (7). And the case of grid-side 
short circuit fault is simulated and analyzed. 

In order to support the recovery after a short circuit fault, 
the inverter should have the low voltage ride through func-
tion. It is assumed that switch S1 is closed at the point of 2s, 
simulating the three -phase short circuit fault (Fig. 8). The 
voltage will drop from 1.05 p.u to 0.53 p.u. And then the 
fault will be cleared at the point 0.5s, the voltage begins to 
recover, as shown in Fig. (9). During the simulation, the ir-
radiance and temperature remain unchanged. The inverter 
was operating in the voltage control mode before the fault 
occurred. When the controller checks out the fault, the con-
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Fig. (5). Schematic of active power control strategy. 
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Fig. (6). Schematic of reactive power control strategy. 
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trol strategy would be converted to fault mode. When the 
fault was cleared, the system would return to the normal status 
gradually. The active and reactive power simulation curves are 
shown as Fig. (10) and Fig. (11). When the fault has been 
cleared, the PLL and controller need a little time to judge and 
identify the curve and there is an instantaneous spike, which 

soon disappears. Due to the adoption of current control mode, 
the inverter has a very fast response characteristics. 
6. CURRENT & FUTURE DEVELOPMENTS 

 From the above modeling and simulation, it is shown 
that the PV system is different from the traditional genera-
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Fig. (7). Schematic of current control strategy. 
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Fig. (9). Response characteristic of voltage. 
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tion techniques, and it has very fast response characteristics 
with little inertia. So these measurements should be neces-
sary for the PV system, especially when a fault occurs or 
when irradiance changes suddenly. The fault ride through 
function should a requirement when the PV inverter connects 
with the grid and will provide support to the power system 
when recovering. Furthermore, the electromagnetic and elec-
tromechanical transient characteristics should be focused on, 
which needs the further research. The electromechanical 
models may be modeled through the simplification of elec-
tromagnetic models. And the parameters of these models 
will be identified by the spot test or a laboratory test. 
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