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Different kinds of simulators are of great assistance, in order to 
train people to make correct decisions while working with several 
equipments and under various operating conditions.
Sometimes it is not possible to analyze the systems which are partially 
or totally unavailable as a result of security, expenses or other causes. 
So designing a software or hardware set capable of simulating the 
actual system>s function in a smaller scale and with a lower cost 
would be helpful.
The designed system which can be called «Analogue Power System 
Simulator» is capable of analyzing the power system phenomena the 
exact manner it happens in a real power network from production 
to consumption.
In fact, this system is a small scaled down model of a real power 
network including generator, transformers, transmission lines… and 
simulates the characteristics of different parts in a real manner.
Application of this product in industrial, educational and research 
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centers are as follows:
• Analyzing the power systems phenomena (steady state, error, 
protection…) 
• Verifying the development of power network control and protection 
systems
• Comparing the obtained results with the results of power system 
analyzing software
• Performing various experiments (creating different error conditions, 
verifying correct function of protection equipment, control…)
Using this system a variety of training schemes programmed for:
• energy management staff
• operators of power plants and substations
• maintenance personnel
• teaching of students
• research in universities
can be realized.



• Power plant module
• Substation module
• Transmission Line module
• Distribution module
• Power factor control module
• Load module

Basic Model Advanced Model

General Layout:

S y s t e m C o n f i g u r a t i o n

• Protection system module
• SCADA module



In this model, an AC motor coupled with a synchronous generator 
has been used as the turbine. Speed control system, forms the 
power plant governor model which adjusts the motor speed using 
feedback from the network power and frequency. The power plant 
excitation system model is an AC generator and AVR system adjusts 
the excitation system using feedback from generators output. A 
synchronizing system is able to synchronize the generator output to 
the grid supply.

A small transformer with scaled power has been 
used in power transformer module. 

Power Plant ModuleTransformer Module



Distribution ModuleTransmission Lines Module

Transmission lines include two 
busbars at two ends and a set of 
line models between these two 
busbars. Transmission lines have 
been selected to be capable of 
modeling a wide variety of actual 
voltages and powers. In order to 
facilitate the act of measuring 
and error development, each line 
is divided into several modeled π 
sections.

This system includes distribution 
transformers and lines. Transformers 
are located in distribution busbars and 
the consumer can be connected to the 
network directly or via these transformers. 
However they can be used as connecting 
transformers in SVC.



Static Reactive Power Compensator Module (SVC)Load Module

Static reactive power compensators include TCR , TSC and ASVC. 
Compensating sudden variation of loads, voltage profile correction, 
power factor control and balancing loads can be performed using 
this module. However these three compensators can be compared 
with respect to their accuracy and fastness.

This module contains 
several static loads (resistive, 
inductive and capacitive) and 
dynamic loads (inductive 
motor). Static loads have 
variable quantities and are 
appropriate with network 
model’s nominal power. 
Dynamic load is used to 
simulate the influence of 
load variations, such as 
sudden voltage drop in the 
network.



Supervisory control and data acquisition (SCADA) is usually 
used to control and supervise the real-time process, in 
industrial usage. This system allows the user to insert 
setpoints and measure various quantities in real-time 
process. A complete history of the results is created within 
the process, which is very useful for later programming 
and also economically optimizing the system. In this 
project, SCADA system is connected to different parts of 
the simulator such as relays, switches, displays, motor-
generator set… and allows the user the be able to control 
and display various quantities.

In order to create the simulator more similar to the actual power 
system, some protections such as generators, transformers, lines, 
busbars protections are applicable. The digital relay (MICOM P141 
Feeder Management Relay) is applied both as an over-current 
protection and generator backup.  
o Other protections of generator  
Differential protection, over-voltage protection, reverses power 
protection, third harmonic protection…
o Transformer protection*
Differential protection, directional over-current protection…
o Transmission line protection*
Distance protection, earth-fault protection…
o Reactive Power Compensator protection*
Over-voltage protection, electronic switches 
protection…

Protection System SCADA System*



• Power Plant
- Power                                              300 MVA
- Voltage                                            21   kV
- Generator Power Factor                  0.8

• Power Plant Step-up Transformer
- Power                                              300 MVA
- Transformer Ratio                           21/20 kV or 230 kV
- Connection Type                             (Dy11)
- Short Circuit Impedance                 12%

• Transmission and Distribution Overhead Lines
- Voltage                                            20 kV		  230kV
- Length                                             4*15 km		  4*50 km
- Conductor                                        Lynx		  Canary
- Guard Conductor                              -		  7 No 8  
- Number of Circuits                          1		  1
- Number of Bundle                           1		  1
- Line Impedance (Ω)                         305		  387
- Surge Impedance Load (MW)         1.31		  136.7

• Network Transformers
- Power                                               300 MVA		 1.6 MVA
- Transformer Ratio                            230/20 kV	 20/0.4 kV
- Connection                                       Yd1		  Dy11 or Dz0
- Short Circuit Impedance                  12%		  6%

• Loads
- Voltage		  20 kV                               230 kV
- Static Load		  900 kVA to 7.2 MVA      45 MVA to 360 MVA    
   (Resistive, Capacitive, Inductive)             
- Dynamic Load		  50 kVA                             37.5 MVA
   (Induction Motor)                                                 

• Static Var Compensators                       
- Voltage		  20 kV		  230 kV
- TCR		  -2 Mvar to +2 Mvar	 -100 Mvar to +100 Mvar   
- TSC		  -4 Mvar to +4 Mvar	 -200 Mvar to +200 Mvar 
- ASVC		  0 to +10 Mvar		  0 to +500 Mvar                                                 

Specifications of the network modeled using Simulator



As mentioned previously power simulator 
is composed of various parts (power plant, 
substation, transmission lines…), therefore, 
it is possible to perform tests on each part 
individually. On the other hand, individual parts 
can be connected in order to observe reciprocal 
effects of each section on others. Tests can 
be performed on a collection of all or some of 
the parts. In general, experiments which can be 
accomplished by the Simulator are as follows:

 Generator
- Active power control
- Reactive power control
- Generator status verification on suddenly load 
variations (transient state)
- Load angle variation through increasing the 
reactive power
- Synchronizing to grid network

 Transformer
- Relation between phase angle and magnitude of voltages and currents in various 
connections
- Elimination of zero component of current in delta connection 
- Balancing the load using z-connection
- Power transition ratio from secondary to primary in various connections
- Controlling voltage using tap changer and relevant effects on reactive power

 Transmission Lines
- Effects of line lengths on the end-point voltage
- Effects of power factor on the end-point voltage
- Observing effects of no-load transmission line
- Effects of line type on the end-point voltage
- Switching effects near the busbar or at the beginning of a long line (transient state)
- Normal load transmission  (measuring voltages and power factor in different 
points)
- Line feed from two ends (measuring mid line voltage while the voltages on two ends 
are constant and equal)
- Effect of line length on maximum transmission power
- Verification of the equation   
- Installing parallel or serial capacitors and reactors in the middle or end of the line…

Experiments



 Loads
- Effect of variable resistive, capacitive, inductive 
and dynamic loads in the voltage and current 
quantities at each point
- Switching capacitor banks (transient state)
- Switching reactor (transient state)
- Addition of sudden high loads (transient state)
- Power factor correction using SVC
- Stabilizing overload voltage using SVC
- Flicker elimination using SVC
- Effects of unbalanced loads on overload voltages
- Effects of zero component of load current on the 
voltage 
- Balancing loads using SVC and symmetrizing the 
overload voltage

 Error Occurrence
- Creating different types of error in each point 
(connecting one phase to earth, two phases to each 
other, two phases to earth, three phases to each 
other, three phases to earth directly or through an 
impedance)
- Effects of the error type on the result
- Effects of the error location on the result

- Measuring negative, positive and zero components, developed as a 
result of error in various points
- errors
- Transient voltages and currents as a result of errors (transient state)

 Protection
- Configuring over-current relays in radial systems
- Differential protection in generator, transformer and busbar units…
- Distance protection in transmission lines
- Generator reverse power protection
- Generator negative sequence protection
- Generator over-frequency protection

 Warranty & Terms
- Deliveries are shipped in damage resistant packages
-  Individual items specified in this catalogue, can also be delivered on 
request 
- The complete power system simulator is supplied with installation, 
commissioning and on-site training to be performed by EPIL Co. 
engineers
- Further training can be arranged on request
- Complete users’ guide will be provided
- Five-year warranty
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