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Abstract 

This paper deals with an Electrical Art Development for Load Sharing, Load Shedding 

and Load Islanding in EMS. The main goal of this paper by using programmable logic 

controller with the help of SCADA, energy sharing, load shedding and islanding schemes 

are performed in energy management system. This paper presents a technique in which 

an auto load shed- ding and islanding scheme can be developed for a system to bring it to 

a stable operating state under any abnormal condition. The proposed technique is 

developed based on the magnitude and the rate of change of the falling frequency during 

abnormal condition .It requires traditional and/or ROC OF based load shedding schemes 

to bring a system in to a stable state from an abnormal state. 
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1. Introduction 

 
The abnormal condition in a power system created through fault or sudden load 

addition/withdrawn or forced capacity outages or all at a time generates a huge loss to the 

utility as well as to the consumers. The loss reaches to an extreme if the abnormal 

condition leads to a system blackout.  This paper presents a technique in which an auto 

load shedding and islanding scheme can be developed for a system to bring it to a stable 

operating state under any abnormal condition. The proposed technique is developed based 

on the magnitude and the rate of change of the falling frequency during abnormal 

condition. The implementation of the technique requires under-frequency relays. The 

technique presents the sequence and conditions of implementation of different load 

shedding schemes and islanding strategies. The paper proposes the strategies of the 

activation of load shedding scheme so controlled islanding divides the power system into 

islands. Some of these islands are load rich and others may be generation rich. In load rich 

Island, system frequency will drop because of the generation shortage. If the frequency 

falls below a certain set point          (e.g., 47.Hz), the generation protection system will 

begin operation and trip the generator, further reducing the generation in the island and 

making the  system frequency decline even worse. In the worst case, the entire island will 

blackout. 

 

2. System Description 

 
The present system has only monitoring of the load power. But, it does not control and 

monitor in a single system. Now-a-days, the digital fault data recorder (DFDR), installed 

at locations of the grid. It provides recorded frequency, current, and voltage of few cycles 

before the occurrences of the blackouts. The DFDR starts recording data only when the 

system frequency crosses the pre-specified lower or higher threshold values. The 

generation unit power is given to programmable logic array. This PLC is connected with 

relays and load. PLC is interface with the SCADA by giving the instruction in SCADA. 

The overall control is done for obtaining load sharing, load shedding and load islanding. 

 

2.1. Block diagram of proposed system 
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Figure: 1 Block Diagram of Proposed System 
 
 

2.2. Operation of relay 

 
When a current flows through the coil, the resulting magnetic field attracts an armature 

that is mechanically linked to a moving contact. The movement either makes or breaks a 

connection with a fixed contact. When the current to the coil is switched off, the armature 

is returned by a force approximately half as strong as the magnetic force to its relaxed 

position. Usually this is a spring, but gravity is also used commonly in industrial motor 

starters. Most relays are manufactured to operate quickly. In a low voltage application, 

this is to reduce noise. In a high voltage or high current application, this is to reduce 

arcing. If the coil is energized with DC, a diode is frequently installed across the coil, to 

dissipate the energy from the collapsing magnetic field at deactivation, which would 

otherwise generate a spike of voltage and might cause damage to circuit components. If 

the coil is designed to be energized with AC, a small copper ring can be crimped to the 

end of the solenoid. 

 

2.3. Working Principle of Ladder Diagram: 

 
Ladder diagram is an automatic control diagram language that developed during World 

War II. At first, it just has basic components, such as A contact (normally open), B 

contact (normally close), output coil, timer, counter and etc. (The power panel is made up 

of these basic components) It has more functions, differential contact, latched coil and the 

application commands, add, minus, multiply and divide calculation, that traditional power 

panel can’t make since PLC is developed. The working principles of the traditional 

Ladder Diagram and the PLC Ladder Diagram are similar to each other; the only 

difference is that the symbols for the traditional ladder diagram are expressed in the 

format that are close to its original substance, while those for the PLC ladder diagram 

employ the symbols that are more explicit when being used in computers or data sheets. 
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Figure: 2 Ladder Diagram 

 

2.4. Common relay/ Contactor set-up (utilizing an emergency stop circuit) 

 
The contactor is operated by the control circuit energizing a coil, which can be controlled 

by any sort of switching device (to perform an assortment of tasks). When the coil is 

energized, the circuit that the contactor is switching will be energized. In the above 

example, there are two stop buttons in the supply to the coil. In the event that one of the 

stop buttons is struck, the circuit to the coil will become broken, de-energizing the coil. 

The supply that the contactor is switching will therefore be switched off.  

 
 

Figure: 3 Contactor set-up Relay 

 

 

2.5. Contactors controlling a STAR-DELTA motor 

 
Star-Delta starting for motors, utilizes the same system as the previous example, but 

incorporates a method of changing the switching of the coils of a motor (while it is in 

motion).When the start buttons is pressed, contactor 1 and 3 will close. Contactor 1 will 

energize the 3 motor windings on one end of the motor, while contactor 3 will bridge 

together the cables from the other side of the motor (windings 4, 5 and 6). This is STAR 

mode running 230 volts per winding. A timer will be setup by the installation engineer to 

provide enough time for the motor to get up to speed properly in star mode. Once the 

motor is running, the time on the    timer should expire, making the Contactor 3 switch 

off.  

 

698

ISSN NO: 0975-6876

http://cikitusi.com/

CIKITUSI JOURNAL FOR MULTIDISCIPLINARY RESEARCH

Volume 6, Issue 6, June  2019



 

 

 

 

2.6. Thumb Wheel Switch 

With Thumb Rotary Switches, a character dial is turned to switch an actuator and set a 

value. They are also called digital switches. OMRON provides many models with 

different sizes and operation methods. 

Table: 1 Switch Unit connecting terminals 

 

3. Operation of Energy Management System. 

3.1. Load Sharing 
 

Paralleling low-current, low-voltage power modules for high-current, and low-voltage 

applications has many benefits. Among them are: redundancy for enhanced reliability, hot 

swap capability, distributed heat removal, and design flexibility. Paralleling power stages 

requires load sharing in order to equalize the stresses among the modules. One method of 

load sharing, based upon the automatic master/ slave architecture, is to use a dedicated 

controller, such as the UCC39002, to provide for equal current distribution of the load 

current among the parallel-connected power supplies. The power modules must be 

equipped with true remote-sense capability or an output-adjustment terminal. The output 

current of each module is measured and compared to a common load-share bus. The 

positive sense voltage or the voltage of the output voltage adjust pin of each module is 

adjusted to provide equal current sharing. Several modules are paralleled so that the entire 

assembly can support a full load much greater than an individual module would be 

capable of supplying. Due to manufacturing tolerances and component variations, startup 

delay times typically vary slightly from module to module. When the modules to be 

paralleled have an overcurrent protection circuit featuring constant current limit with 

automatic recovery, starting up fully enabled into the full system load does not pose a 

problem. Inevitably, one module will have a faster turn-on than the others. The eager 

module will carry as much of the load as it can, sometimes up to 140% of its individual 

current capacity, before its output voltage falters. Meanwhile, the next module will come 

up and contribute to the load. After a brief transition time, all of the modules will be up, 

the master will be recognized, and accurate load sharing will take place. 

 

Model 
Switch Unit or 

Connector 

Common terminal 

number 
Terminals connected to common 

A7BS 
Switch Unit C 1 2 4 8 

Connector 2 4 5 6 7 

Dial 

+ (0) 
    

- (1) ● 
   

+ (2) 
 

● 
  

- (3) ● ● 
  

+ (4) 
  

● 
 

- (5) ● 
 

● 
 

+ (6) 
 

● ● 
 

- (7) ● ● ● 
 

+ (8) 
   

● 

- (9) ● 
  

● 
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3.2. Load Shedding 
 

The proposed scheme is implemented in steps, sequentially. The activation of number of 

steps depends on the state of the system. Different steps of the technique are as follows.  

Step 1- System frequency and ROCOF are continuously monitored by FS and FD relays, 

respectively.  

Step 2- The traditional load shedding scheme is activated. The ROCOF based load 

shedding scheme is activated instead of traditional one, ROC OF related threshold values. 

The magnitude of is much higher than. Grid disintegration scheme is activated only when 

and ROC OF exceeds .That is, disintegration scheme is implemented.  

Step 3- The system starts measuring time once the ROCOF based load shedding is 

activated. After the preset time delay (TD) the system frequency is still below the 

threshold value, the traditional load shedding scheme is activated. 

 Step 4- The system frequency is checked after another preset TD, where is greater than. 

At this time, if the system frequency is lower than, and ROCOF is negative, then 

disintegration scheme is activated.  

Step 5- Once the disintegration of grid scheme is implemented, generation is adjusted 

appropriately in each island if the islanded system frequency is higher than the rated. If in 

an islanded system and, traditional load shed- ding scheme is activated. Here, is the rate 

of change of frequency related threshold value of the island. However, then the ROCOF 

based load shedding scheme is activated.  

Step 6- After implementing ROCOF based load shedding in an island, if the elapsed time 

is more than the preset TD, and the frequency is still less than threshold value the 

traditional load shedding scheme in that island is activated. 

3.3. Load Islanding 

In a situation where the system stability cannot be achieved through the above relay 

settings, the disintegration of the regions is the only solution for making the system stable. 

That is, if a situation arises such that the falling frequency cannot be halted through the 

implementation of FS and FD relay based load shedding scheme, then the load rich and 

generation rich portions of the system need to be separate from one another by tripping all 

the 132 kV and 230 kV lines among them. The disintegration of regions can be achieved 

by installing FD relays at both ends of the concerned lines and keeping their frequency 

slope threshold at 0.6 Hz per second. This threshold value is obtained from various 

simulations. After several simulations, it was found that disintegration of Eastern and 

Western regions of BPS is the most suitable solution. Note that in this study, load in a 

substation is considered a resource to be used to retain system stability; 45% of the load is 

allocated for load shedding using FS relay and 50% of the load is allocated for load 

shedding using FD relay.  

 

4. System Realization and Experimentation 

 
This section describes the experimentation model of load sharing, shedding and islanding 

in EMS System. In this case generation unit 1,2,3,4 share the power. This whole power is 

utilized in power distribution in load is shown in Figure 4.  In one unit sometime due to 

fault or emergency condition frequency increases beyond threshold frequency. In this case 

the unit will not receive any power. Such condition is called load shedding is shown in 

Figure 5. In this case unit 1 bulb 1 and 2 in load islanding condition because it do not 

require power. But, if load bulb 1 require power, then power is delivered by getting signal 

from bulb 1is shown in Figure 6. 
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Figure: 4 Load Sharing 

 

 

 
Figure: 5 Load Shedding 

 

 
Figure: 6 Load islanding 
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5. Conclusion 
 

Abnormal condition in a power system created through fault or sudden load 

addition/withdrawn or forced capacity outages or all at a time generates a huge loss to the 

utility as well as to the consumers. The loss reaches to an extreme if the abnormal 

condition leads to a system blackout. This paper presents a technique in which an auto 

load shed- ding and islanding scheme can be developed for a system to bring it to a stable 

operating state under any abnormal condition. The proposed technique is developed based 

on the magnitude and the rate of change of the falling frequency during abnormal 

condition .It requires traditional and/or ROC OF based load shedding schemes to bring a 

system in to a stable state from an abnormal state. However, in an extreme condition, the 

grid is disintegrated forming islands and brought the individual island into stable 

condition. The implementation of the technique is simple requiring only FSanFD 

relays.The technique presents the sequence and condition so implementation of different 

load shedding schemes and islanding strategies. The paper proposes a couple of strategies 

of the activation of load shedding scheme so that the amount of load shedding is 

minimum. The technique is applied to BPS and an auto load shedding and islanding 

scheme is developed. By using programmable logic controller with the help of SCADA, 

energy sharing, load shedding and islanding schemes were performed in energy 

management system. 
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