
 

Abstract—This paper presents the simulation techniques of 

synchronous generator dynamic using Simulink. The synchronous 

generator including transformer, transmission line, and voltage 

sources are represented in RMS value. This method is called stability 

mode of simulation. The benefit of working in this mode is to faster 

generate the simulation results than commercial software. The 

implementation of mathematical model into Simulink is reported in 

this paper. 
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I. INTRODUCTION 

The analysis of power system stability have been affected 

dramatically by the widespread use of personal computers. 
The power system stability is concerned with the behavior of 

the synchronous generator after a disturbance. Steady state 

stability refers to the ability of a synchronous generator 

subject to small and gradual changes in load. The 

mathematical model is represented by a simple constant 

voltage and impledance. This model is used for power flow 

analysis, power market, and economic dispatch [1-2]. 

Transient stability refers to the stability of synchronous 

generator refers to the stability of a synchronous generator 

subject to sudden and severe disturbance. If the second order 

differential equation is used, it will be accepted only the first 

swing stability analysis [3-4]. For the multi-swing stability so 

called dynamic stability the order model should be at least 

third order model [5-6].  
There are two methods of power stability simulation. The 

first method is called momentary method. When working in 

this method, all components in power system are modelled in 

detailed of three-phase ac power. The electrical quantities 

such as voltage, current, etc. are in instantaneous value of 

time. The examples in this method are in DIgSILENT, 

PSCAD, EMTP, etc [7-10]. The main disadvantages are time 

consuming and in closed source code procedure. The second 

method is called stability method. When working in this 

method, all components in power system are modelled in 

simpler way. The electrical quantities such as voltage, current, 

etc. are in RMS  
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value. The numerical algorithm of solving nonlinear equation 

is carried out through the standard software such as Fortan, C, 

MATLAB/Simulink. The main advantage is in open source 

code method. The simulation time is much faster than the first 

method.  

MATLAB is a matrix-based software package and widely 

used to obtain numerical solutions. Simulink provides a highly 

interactive environment for simulation in power system 

dynamic.  Simulink has been widely used and accepted in 

power system analysis both steady state, transient, and 

dynamic stability.  

This paper presents the simulation techniques of 

synchronous generator dynamic using Simulink. The 

presented method will be tested in sample system with various 

fault occurrences.  

II. MATHEMATICAL MODEL  

A. Second Order Model 

 Fig. 1 shows a synchronous generator in a simple system 

connected to the electrical grid. The second order differential 

equation or model of the generator is described by [11] 
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Here 

   =  synchronous generator rotor angle 

    =  synchronous generator speed 
M    =  moment of inertia  

Pm  =  mechanical input power 

Pe  =  electrical output power 
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Fig. 1 A synchronous generator in a simple system  
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B. Third Order Model 

The third order model of the generator is given by [12] 

 

  dddqf
do

q
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 1  (3) 

 

Here 

qE   =  quadrature axis transient voltage is given by  

 

ddqssq IXIRVE   (4) 

 

doT    =  direct axis open circuit transient voltage time 

    Constant 

fE   =  field voltage constant 

dI    =  direct axis line current 

dX  =  direct axis synchronous reactance 

dX   =  direct axis synchronous transient reactance 
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Fig. 2 Synchronous generator one axis equivalent circuit 

 

The synchronous generator one axis equivalent circuit as 

shown in Fig. 2 assists to evaluate the Pe in (2). The voltage 

source Vs is given by  

 

   )2/(   j
qqdq eEjIXXsV  (5) 

 

The impledance Zs is written by  
 

ds XjR sZ  (6) 
 

The line current is given by 
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The synchronous generator rotor angle )( in (1) and (7), is 

given by  
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Thus, the required electrical output power is given by  

 

qddqqqe IIXXIEP )(   (9) 

 

C. Simulink block diagram 

The derived mathematical model of the synchronous 

generator equipped in a power system can be implemented in 

Simulink as shown in Fig 3. The initial condition of 

Integration 1, Integration 2, and Integration 3 can be obtained 

by setting the (1), (2), and (3) to be zero, respectively. The Pe, 

Id, and Iq is performed at during and after disturbance for each 

step of numerical solutions. 
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Fig. 3 Simulink block diagram of synchronous generator 

 

III. SIMULATION RESULTS 

The presented method is validated on the sample system 

as shown in Fig. 4. A 50 Hz synchronous generator is 

connected to electric grid through two parallel lines and a 

transformer. The generator is delivering electrical output 

power Pe=0.75 pu to the infinite bus at a voltage Vg= 1 pu. 

A temporary three-phase fault occurs near bus m. The 

sample system is tested with clearing fault time (tcl) 100 

msec and 200 msec. The swing curves of synchronous 

generator speed, electrical output power, direct, and 

quadrature axis line current are shown in Fig. 5, Fig. 6, Fig. 

7, and Fig. 8, respectively. It can be observed from the 

swing curves that the presented method provide a reliable 

result. The tcl is proportional to the amplitude of the swing 

curves.  

G

Transmission line 
ki

Electrical grid 

Step-up 

transformer

m
Synchronous 

Generator

 
Fig. 4 Simulink block diagram of synchronous generator 
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Fig. 5 Synchronous generator speed 
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Fig. 6 Electrical output power 

 

0 1 2 3 4 5 6 7 8 9 10

Time(sec)

-1

0

1

2

3

4

5

D
ir

e
c
t
 a

xi
s

 li
n

e
 c

u
rr

e
n
t,

Id
(p

u
)

tcl=100 msec

tcl=200 msec

 
 

Fig. 7 Direct axis line current 
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Fig. 8 Quardrature axis line current 

 

IV. CONCLUSION 

This paper presented the method of power system dynamic 

simulation. Three differential equations are used to determine the 

dynamic behavior of the system. The electrical equivalent circuit of 

synchronous generator is in one axis equivalent circuit that helps us 

to evaluate the electrical output power at during and after fault of the 

system. This paper provided the method of construct the Simulink 

block diagram. The simulation results indicated the prefect 

agreement of the fault occurrence in the system.  
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