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Abstract—It is necessary to model photovoltaic generation 

system based power system electromechanical transient time 

scales for large-scale PV connected to power system stability 

analysis. The model should reflect the non-linear output 

characteristics, fault ride-through response characteristics and 

output limits of photovoltaic generation system. A PV model 

used to meet these demands is proposed in this paper. Base on a 

3-generator, 9-bus power system, the comparison and 

verification of the model is carried out  in  both 

DIgSILENT/PowerFactory and PSASP simulation 

environment. 

 
Index Terms—PV model, DIgSILENT/PowerFactory, 

PSASP, transient stability analysis.  

 

I. INTRODUCTION 

With the deepening of energy crisis, the development and 

utilization of solar power generation has got more 

widespread concern, many countries are increasing efforts to 

support the development of solar power actively. At the end 

of 2011, installed capacity of grid-connect photovoltaic (PV) 

generation has reached 2800MW in China, and it is expected 

that the installed capacity will reach 20~50GW by the end of 

2020. Due to the intermittence and fluctuation of PV 

generation, the negative impact of large-scale PV generation 

connecting will be apparent for planning, stability analysis, 

operation and protection setting of power system. Therefore, 

to establish PV model, which is suitable for grid-connected 

PV planning and simulation calculation, has a very important 

significance, and it provides a platform for large-scale PV 

connected to power system security, reliability analysis 

evaluation. 

Detail of PV generation, including PV array, inverter, 

MPPT controller and grid-connected controller, has been 

modeled in MATLAB/Simulink [1]. Through the PSASP’s 

user program interface function, the PV model participates in 

transient stability analysis as a current source, to CEPRI 

36-node system, for example. Based on electromagnetic 

transient software PSCAD/EMTDC, the model of PV power 

system detailed to the power electronic components is 

established [2]. To establish a PV generation model is used to 

analysis voltage stability of distribution system containing 

PV power stations, that is achieved in MATLAB/Simulink 
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[3]. All the models above are helpful to study the operating 

characteristics of PV generation. However, for security and 

stability analysis of large-scale PV generation grid-connected, 

model of different time scales is needed, to study the impact 

of PV generation system electromechanical transient 

response. 

In the paper, a PV generation model is established in 

DIgSILENT/PowerFactory and PSASP (Power System 

Analysis Software Package, developed by China EPRI). The 

model can reflect the non-linear output characteristics, fault 

ride-through response characteristics and output limits of 

photovoltaic generation. The transient response 

characteristics of PV model is compared in this two 

simulation environment. 

 

II. PHOTOVOLTAIC GENERATION MODEL 

Typically, grid-connected photovoltaic generation system 

includes PV array, inverter and its controller and 

conventional power equipment, etc [4]-[7]. PV array 

converts light energy from the sun into DC electrical energy, 

and PV inverter, converting direct currents to alternating 

current, is interfaced with power system via combiner boxes 

and step-up transformer. 

The static generator is an easy-to-use model of any kind of 

static (no rotating) generator, applying as photovoltaic 

generators, storage devices, HVDC terminals, and so on [8]. 

The PV generation system is modeled through the static 

generator block, shown at the right side of Fig.1, and the PV 

inverter adopts Udc-Q control strategy. In Fig.1, photovoltaic 

array model is described PV array; dc capacitor is modeled as 

DC bus and capacitor and it is shown in Fig.2; Udc controller 

model is the most important part of the whole PV generation 

model, providing output current reference values id_ref and 

iq_ref, and it is presented with more detail in Fig.3; PLL model 

provides the utility voltage angle for static generator. 

 

 
Fig. 1. Frame of PV System in DIgSILENT/PowerFactory 

 

Compared to the actual operation of inverter controller, the 

model simplifies to the following: 

1) The MPPT dynamic process is ignored, and photovoltaic 
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array model provides reference values for Udc controller, 

namely Udc_ref=Um; 

2) The response speed of inverter inner loop controller is so 

fast that the adjustment process is ignored in 

electromechanical transient simulation, and the 

following equation is used: 

 

iac=(id_ref·cosug-iq_ref·sinug)+j(id_ref·sinug+iq_ref·cosug) (1) 

 

where, iac is the output current of PV generation, and ug is the 
utility voltage angle. 
 

 
Fig. 2. DC capacitor model 

 

 

Fig. 3. Udc-Q controller model 

 

III. SIMULATION RESULTS  

PSASP is a widely used power system analysis program in 

China. A model is developed in PSASP/UD (User 

Definition), which has the same structure and parameters 

with the model in DIgSILENT/PowerFactory. Then, 

different disturbances are set to compare models in the two 

simulation environment. 

The IEEE 3-generator, 9-bus system is investigated, and 

the PV generation system is connected to power system by 

booster station, as shown in Fig. 4. Steady-state operation 

data of PV generation are listed in Table I. Computing PV 

generation by per unit value (p.u.), PV generation rated 

power capacity is selected as reference capacity, the 

maximum power point voltage of PV array under standard 

conditions is selected as DC reference voltage, and rated AC 

voltage of PV inverter is selected as AC reference voltage. 

Characteristic parameters of PV array are listed in Table II. 
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Fig. 4. One-line diagram of the studied power system 

 
TABLE I: STEADY-STATE OPERATION DATA OF PV GENERATION 

PV  Generation Operation Data 

ug (kV) 13.8 

SN (MVA) 128 

P (MW) 85 

Q (MVar) 10.9 

S (W/m
2
) 701.74 

T (℃) 25 

TABLE II: CHARACTERISTIC PARAMETERS OF PV ARRAY [10] 

PV  Array 

Um (p.u.) 1 

Im (p.u.) 1 

Uoc (p.u.) 1.254 

ISC (p.u.) 1.0715 

 

A. Simulation Results in Case of Power System Fault 

A pure three-phase short circuit is simulated on the middle 

of line between node 8 and node 9, and the short circuit is 

cleared after 0.1s. The comparison between 

DIgSILENT/PowerFactory and PSASP under this fault is 

described in Fig. 5. 
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(d) active power 
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Fig. 5. A comparison of PV response characteristics between PSASP and 

DIgSILENT/PowerFactory under fault 

 

PV generation relative calculation results of 

DIgSILENT/PowerFactory and PSASP are consistent in 

failure free operation. Transient process (the voltage dips in 
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PV generation grid-connected point caused by the short 

circuit, until the PV output current achieves stable): 

1) The voltage dip depth and recovery curve of PV 

generation grid-connected point is basically as the same. 

2) During transient process, output current, active power 

and DC voltage of PV generation is also basically as the 

same. 

3) In the period of the utility voltage recovery, reactive 

power injected from the PV generation fluctuates in 

DIgSILENT/PowerFactory, but the process is not 

obvious in PSASP. The reason for the difference may be 

that static generator active power and reactive algorithm 

is not completely decoupled. 

B. Cloudiness Disturbance 

When cloud blocks sun, the irradiation suddenly reduces 

to 301.74W/m2, sustaining 2s. The comparison between 

DIgSILENT/PowerFactory and PSASP under this 

disturbance is described in Fig. 6. 
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(b) PV array current 

0 2 4 6 8
-0.2

0

0.2

0.4

0.6

0.8

t(s)

ia
c 

(p
.u

.)

 

 

PSASP

DIgSILENT

 
(c) output current 
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(d) active power 
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Fig. 6. A comparison of PV response characteristics between PSASP and 

DIgSILENT/PowerFactory under cloudiness disturbance 

PV generation relative calculation results of 

DIgSILENT/PowerFactory and PSASP are consistent in both 

steady-state operation and cloudiness disturbance process. 

 

IV. CONLUSIONS 

A photovoltaic generation system model is established 

based power system electromechanical transient time scale, 

and is developed respectively in the 

DIgSILENT/PowerFactory and PSASP. Transient responses 

of photovoltaic generation, including active power, reactive 

power, output current , DC voltage of PV generation, and 

voltage in PV generation grid-connected point, are compared 

and basically as the same. 
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