SIMULATION OF POWER DISTRIBUTION MANAGEMENT Version 3
System Description:

Power Distribution Management (PDM) is a system responsible for ensuring that the consumers have undisrupted power supply. They are also known as Electricity Distribution systems and the main purpose of the system is to supply electrical energy from the substation to the consumer locations. To improve transmission efficiency and to comply with consumer needs, the transmission voltage may be stepped-up or stepped-down. A whole network of routers, circuit breakers, switches, alarms, load-reading meters, telemetry etc. [3] are used for electricity distribution and supply. Also companies share National grids
 for power distribution and supply.

The Control Engineers (CE) with the assistance of Field Engineers (FE) does the management of these power distribution networks. The Control Engineers has to ensure that losses in the electricity transmission is kept minimal and all consumers are supplied an undisrupted power supply by maintaining an optimal power grid configuration [6]. This optimal configuration can be maintained by reducing the transmission losses, preventing overloads and by proper switching of networks. The whole PDM system and the simulation act as an aid to the CE in order to maintain and carry out the electricity distribution system requirements. 

One of the important requirements in order to achieve the above goal is to promptly respond to the emergencies that may arise due to system faults and also to carry out the maintenance work in a planned fashion. CE must be able to monitor the whole system and information must be available from all the events and external systems associated with the network [1]. The customers may be high voltage consumers like factories or low voltage consumers like independent households. Irrespective of the consumer types, PDM must be able to satisfy their needs and should be able to deliver an uninterrupted power supply. The simulation should help CE achieve this goal by monitoring the network, simulating the electricity transmission and showing the fault locations and blackout areas in the network, [5] by activating alarms and sharing information between various agents in the PDM.

Requirements:

A simulator for electricity distribution management must consider all the factors in the transmission network that can make the work of CE easier. This will integrate the existing systems as well as the new systems that may improve the overall system management and information sharing. The important requirements [2], [4] that has to be considered while designing a simulator for PDM are given below:

1. Monitor Network for faults: (G1 (M))

1.1 Monitor data from Telemetry: Telemetry readings contain the following details: - Name of substation, Time stamp, Circuit Breaker State (Open/Close), Alarm State (Open/Close), Severity (Nil, Low, Medium, High) and any additional information in String Format. (G1.1 (M))

1.2 Monitor Customer Calls: It has the following details: - Customer Name, Customer No., Time of Call, Severity (Nil, Low/Medium/High) and any additional information in String format. (G1.3 (M))

1.3 Monitor Circuit Breaker and Alarms: Circuit Breaker State (Open/Close), Alarm State (Open/Close). (G1.2 (M))

2. Identifying faults on network and Find Fix: Faults will be due to following reasons: (G2)

2.1 Overloading: For HV Network, maximum connectivity is 10,000-kilo watt. For LV Network, maximum connectivity is 100-kilo watt. Anything more than this will cause overloading. (G2.1.2)

2.2 Switching failure: Switch is being operated to restore power to an area by providing an alternate route. Malfunction in this causes switching failure. It is determined by the status of the switch (On/Off). (G2.1.2) 

2.3 Third party damage: Any Equipment failure or industrial actions cause disruption in power supply. The details are obtained from customer calls/telemetry messages.

2.4 Disasters or Lightening: Natural calamity and Lightening will cause disruption in power supply in the affected area. The disaster/lightening area obtained from Weather Watch Agent. Information includes name of Substation, Location, Date and Time, Severity (Nil, Low, Medium, High). (G2.1.3)

3. Analyze faulty network (G2.1)

3.1 Log load readings and database: It will help to analyze if there was any switching failure or overload in faulty network as described in 2.1 and 2.2. (G2.1.1)

3.2 Collect information about lightning strikes and weather conditions by implementing a Weather Watch Agent (WWA) (G2.1.3)

3.3 Implement an Information Agent (IA) that has static information about connectivity of pieces of plant, and dynamic information like state of circuit breakers, switches and alarms. The states of them will be in the format given in section 2. (G2.2.1.2) (G2.2.2.2)

3.4 Implementing a Telemetry Agent (TA) to receive telemetry, convert it to standard format and to send data to different agents on request. Telemetry data is only present at the point where there is a join between low voltage and high voltage network. Messages are sent between substations. Message format is as specified in 1.1. (G1.1) (G2.2.1.1)

4. Determine the type of fault (G2.2) 

4.1 A High Voltage Expert System (HVES) and a High Voltage Diagnosis Agent (HVDA) to diagnose the location, time and type of high voltage fault on the electricity network. (G2.2.1) (G2.2.1.2)

4.2 A Low Voltage Expert System (LVES) and a Low Voltage Diagnosis Agent (LVDA) to get information from customer telephone calls, to load LV network data and network state. (G2.2.2) (G2.2.2.2)

5. Find Fix for the fault (G2.3)

5.1 Automatic operation of circuit breakers (G2.3.1)

5.2 Remote switching operation in response to faults (G2.3.2)

5.3 Coordinate with FE in locations where remote operation is not available (G2.3.3)

6. Simulate breakers, switches and relays to analyze faults and alarm messages

7. A control System interface to act as a front end between the main computer and the other sub systems and agents.
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� National Grid is the high voltage electricity transmission network in Great Britain. It connects the major power stations and substations to distribute the electricity generated elsewhere.








