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Abstract— This paper presents stability analysis of distributed generation (DG) in mesh distribution network in Power 
System Analysis Toolbox (PSAT) — free and open source software. There are many technical aspects and challenges at DG 
that are still not properly understood. Since most of these studies have to be carried out based on simulations, adequate static 
and dynamic models for DG units are required. The objective of this paper is the dynamic and static modeling of various DG 
technologies for stability analysis. These models allow studying systems with DGs both in the long- and short term; thus, 
differential and algebraic equations of various DGs are formulated and discussed in order to integrate the models into a 
system model. The presented and discussed models are generally based on well-known dynamic models of different DGs for 
stability studies considering the dynamics of the primary governor, generators and their interfaces and controls. The results 
of applying these models for voltage and angle stability studies of a realistic distribution system are presented and compared, 
demonstrating the typical application of the presented units. 
 
Index Terms— Power System Modeling, Distributed Generation, Voltage Stability, Small Signal Stability. 
 
I. INTRODUCTION 
 
Traditionally, electric power is produced at central 
station power plants and delivered to consumers 
using transmission and distribution networks. For 
economic, technical and environmental reasons, there 
is today a trend toward the use of distributed 
generation (DG) units in addition to the traditional 
large generators connected to the transmission system 
[1]. Thus, it is expected that DGs will have a 
significant contribution in electrical power systems in 
the near future. 
Due to the locally available resources and the small 
scale, DG units are mostly connected at the 
distribution level. When the penetration of DG is 
high, the generated power of DG units not only alters 
the power flow in the distribution system, but also in 
the transmission system. As a consequence, the 
connection of DG to the network may influence the 
stability of the power system, i.e., angle, frequency, 
and voltage stability [2], [3]. It might also have an 
impact on the protection selectivity, and the 
frequency and voltage control of the system. 
Although DG may have some benefits for the system 
such as improvements in power quality and system 
efficiency, there are many technical aspects and 
challenges that are still to be properly understood and 
addressed. For example, there is a lack of suitable 
control strategies for networks with significant 
penetration of DG, while considering the interactions 
between the transmission and distributions systems. 
Since most of these studies have to be carried out 
based on simulations, adequate static and dynamic 
models for DG units and related interfaces and 
controls are required. These models should meet 
certain requirements to allow investigating relevant 

system stability and control issues, from both local 
and global system perspectives [4]. 
The present paper concentrates on studying both 
static and dynamic DG models for voltage, and angle 
stability studies. These studies do not fully consider 
the various kinds of DGs. The two types of DG 
technologies including photovoltaic arrays and PQ 
synchronous generators are modeled. In these models, 
both transient and slow dynamics are taken into 
account. Based on these models, voltage, angle, and 
transient stability studies are carried out. Voltage 
stability studies are performed based on P-V curves; 
small perturbation stability studies are carried out 
based on eigenvalue analyses of the linearized system 
models and transient stability studies are performed 
based on time domain simulation to study 
contingencies. 
Power System Analysis Toolbox (PSAT) [5] is 
educational open source software for power system 
analysis studies [6]. The toolbox covers fundamental 
and necessary routines for power system studies such 
as power flow, small signal stability analysis, and 
time-domain simulation. PSAT is a suitable candidate 
as power system analysis software which is capable 
of performing core stability analyses. 
This paper is organized as follows: section II presents 
and discusses in detailed the proposed system 
modeling. In section III, presents the numerical result 
for a realistic distribution system are presented and 
discussed. Finally the main conclusions of this work 
are highlighted in section IV. 
 
II. SYSTEM MODELLING 
 
The proposed method is tested on the 52 buses power 
system network (Mandalay City). The test system is 
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shown in figure 1, which contains 52 buses and 44 
branches, 9 transformers and 5 generators, 2 of which 
are hydro generators located in bus 1 and bus 6 
whereas the rest are thermal generators located in bus 
2 bus 3 and bus 7. The system has 38 loads, 272.52 
MW and 133.31 Mvar, real and reactive power loads 
respectively. The data used for test system are 
described in Appendix A. 
Figure 2 shows voltage collapse profile curve in a 52 
buses system network in normal state. In every case 
of placement algorithm, optimal DG units are 
installed in this system. In first case, one DG unit was 
installed in bus 8 in order to improve voltage collapse 
points (18, 19, 20, and 21). For second case, 
placement of two DG units are in buses (8,14) to 
overcome voltage collapse points 
(18,18,20,21,40,41,43,44,45,46,47,48) and in the 
third case, there are three DG units allocation in buses 
(8,14,36) which can enhance all voltage collapse 
points in the proposed network[ 7 ]. 
 

 
Fig.1. Single line diagram of 52 buses power system network in 

Mandalay City [7] 
 

 
Fig 2. Voltage collapse profile curve in a 52 buses system 

network in normal state [7] 
 
A. Dynamic Modeling of Hydro and Thermal 
Generator 
Dynamic models of synchronous generators, exciters, 
turbines, and governors for the proposed power 
system are implemented in PSAT. All models used 
are documented in the PSAT Manual. Parameter data 

for the machines, exciters, and turbine and governors 
are referred to [8], [9] and provided in Appendix B. 
1) Generator Models: Two kinds of synchronous 
machine models are used in the system: three-rotor 
windings for the salient pole machines of hydro 
power plants and four-rotor windings for the round-
rotor machines of thermal plants. These two types of 
generators are described by five and six state 
variables, respectively. All generators have no 
mechanical damping and saturation effects are 
neglected. 
2) Automatic Voltage Regulator Models: The same 
model of AVR, as shown in Figure 3, is used for all 
generators but with different parameters. The field 
voltage vf is subject to an anti-windup limiter. 
Fig.3. Exciter Model 
3) Turbine and Governor Models: In PSAT, there are 
two models of turbine and governors: namely Model 
1 and Model 3. The first one is a thermal generator 
model while the second is a typical hydro turbine and 
governor model. As such, the system’s hydro 
generator is represented by Model 3 while that of 
thermal is represented by Model 1. Block diagrams of 
these two models are depicted in Fig. 4 and Fig. 5, 
respectively. 
W. Li et al. recently developed hydro turbine and 
governor models in PSAT [10]. The block diagram of 
Model 3 is shown in Fig. 5. Hydro turbine and 
governor are normally combined together for 
representation. The block consists of a typical hydro 
turbine governor and a linearized hydro turbine 
model where the corresponding elements are depicted 
in Fig. 5. 
The linearized turbine is the classical hydro turbine 
model in power system stability analysis, 
corresponding to ideal turbine and inelastic penstock 
with water inertial effect considered. For these 
models, limits of mechanical torque are checked at 
the initialization step. It can be also observed those 
mechanical torques are limits are in p.u. with respect 
to the mechanical power rating. 

 

 
Fig.4. Turbine governor model used of thermal generator: 

Model 1 
 

 
Fig.5. Turbine governor model used for typical hydro 

generator: Model 3 
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B. Solar Photovoltaic Generation (SPVG) 
This model is based on a current-sourced converter 
(CSC) as presented in [11]. Two models are used for 
the photovoltaic source for stability studies based on 
PQ and PV control models. There are various 
possibilities for inverter transfer function model, first 
order transfer functions with steady state gain and 
closed loop transfer functions are the most 
appropriate. Since both models yield similar results, 
the first order transfer function is adopted here. 
Figure 6 and Figure 7 present the block diagram of 
the photovoltaic PQ and PV control models, 
respectively. In these models, current set point can be 
obtained based on the desired active and reactive 
powers and current measurements in the d-q 
reference frame. All data for the PV and PQ models 
used here are provided in Appendix. 

 

 
Fig. 6 SPVG Model 1 block diagram 

 

 
Fig.7. SPVG Model 2 block diagram 

 
III. NUMERICAL STUDIES 
 
All numerical studies were performed in PSAT [5], 
which is a MATLAB-based toolbox for power system 
studies. It includes power flow, continuation power 
flow (CPF), optimal power flow, small signal 
stability analysis and time domain simulation tools. 
This toolbox also provides a complete graphical 
interface and a SIMULINK-based one-line network 
editor. 
 
A. System Description 
In the system used to test and compare the two DG 
models (Thermal Generator and SPVG) based on the 
52 buses power system network in Mandalay City 
which is illustrated in Figure 1. 22 MW, 28 MW and 
3.5 MW DG units are installed in bus 8, 14 and 36 
which can enhance all voltage collapse points in the 
proposed network [7]. Thus, the test system consists 
of DG units (including prime mover, generator, 
interface and associated controllers), feeders and 
loads. The loads (17,18,19,35,37,38,41,43,45) of the 
buses 8,14,36 are tripped in order to study a 
contingency in the system, as this is a significant 
disturbance for this system. All loads are modeled as 
constant active and reactive power loads. 

B. Voltage Stability Analysis 
The voltage stability of the system was assessed by 
examining the system PV curves, which are obtained 
by increasing the loading level up to the maximum 
loadability point at which the system experiences 
voltage collapse [16].These curves were calculated by 
using CPF method, which captures the operational 
limits of all components. Figure 8 and Figure 9 show 
the PV curves for both SPVG model and thermal 
generator model respectively. Note that the SPVG 
model is less affect the loadabality margin of the 
system than Thermal Generator model. 
 

 
(a) 

 
(b) 

Fig.8. Voltage profile for SPVG model: (a) normal condition 
(b) contingency conditions 

 

 
(a) 
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(b) 

Fig.9. Voltage profile for Thermal Generator model: (a) 
normal condition (b) contingency conditions 

 
C. Small Signal Stability Analysis 
An eigenvalue analysis is employed for small 
perturbation stability studies. Figure 10 and 11 shows 
the eigenvalue of the test system with SPVG in PV 
control model and Thermal Generator model. In the 
case of SPVG model, the eigenvalue of the converter 
and voltage controller are far away from the 
imaginary axis, which results in a more stable system. 
In the case of Thermal Generator model, due to the 
load outage the critical eigenvalue of the system does 
not change significantly ; thus the system tend to be 
stable in the case of load and feeder outages, as 
expected. 
 

 
Fig.10. Eigenvalue of the test system with SPVG model 

 

 
Fig.11. Eigenvalue of the test system with Thermal Generator 

model 

D. Transient Stability Analysis 
Transient stability studies are performed using time 
domain simulations of contingencies. Figure 12 and 
13 show time domain simulation for load outage for 
SPVG model and Thermal Generator model. 
Comparing these two simulation results, it can be 
easily seen that the SPVG model recovers to steady 
state faster than the Thermal Generator model. In the 
case of Thermal Generator model, observe that after 
2s; since the DG voltage controller tried to keep the 
voltage at buses 8, 14 and 36 close to the set point 
(considering the AVR droop), the injected reactive 
power should decrease. In SPVG model, after 5s, it 
recovers to steady state. Note that the quick response 
of the SPVG model DG units in voltage control mode 
after the contingency, due to the fast PI controllers. 
 

 
Fig.12. Time domain simulation for load outage for SPVG 

model 
 

 
Fig.13.Time domain simulation for load outage for Thermal 

Generator model. 
 
CONCLUSIONS 
 
In this paper, detailed dynamic models of two 
different DGs are presented. These models contain 
the dynamic models of the primary governor, 
generators and their interfaces. Thermal Generator 
and SPVG model are modelled tested and compared 
using PSAT. 
The DG models were tested and compared using a 
realistic distribution system to study the static and 
dynamic behaviour of these models. From the 
reported work, it can be conclude that the SPVG in 
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PV-control mode does not affect the voltage stability 
of the system, which is not the case in Thermal 
Generator mode, as expected. Then the loading 
parameter of SPVG is 3.135 pu while Thermal 
Generator is 2.583 pu. Furthermore, it is interesting to 
note that the SPVG may improve system stability by 
increasing the loadability margin.Thus Thermal 
Generator model present the worst case from the 
point of view of voltage stability. Furthermore, it is 
observed that the SPVG recovers to steady state faster 
than Thermal Generator. 
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APPENDIX A 

TABLE I 
LOAD AND DISTRIBUTION LINES DATA 

 
 

APPENDIX B 
TABLE II 

PARAMETER OF PHOTOVOLTAIC GENERATOR 

 
 

TABLE III 
GENERATOR MODEL PARAMETERS 

 
 

TABLE IV 
EXCITER MODEL PARAMETERS 
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TABLE V 
TURBINE GOVERNOR SYSTEM MODEL PARAMETERS: 

MODEL 1 

 
 

 
 
 
 

TABLE VI 
TURBINE GOVERNOR SYSTEM MODEL PARAMETERS: 

MODEL 3 

 
 


 


