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Sub-Station Transformer
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Incoming feeders
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Outgoing feeders

7



Distribution Transformers 
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Distribution Transformer 
(1-Ph)  Location
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Capacitor Banks

Courtesy: College Station Utilities

Courtesy: College Station Utilities

Courtesy: College Station Utilities 10



Voltage Regulators

Courtesy: College Station Utilities

Courtesy: College Station Utilities

Courtesy: College Station Utilities

11



Voltage Regulators
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Voltage Regulators

Transformers:    
- step down from 
25 kV to 12.5 kV.
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Voltage Regulators
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Switch at a Distribution Transformer
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Switch on a feeder
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Switch on a feeder

Courtesy: College Station Utilities
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Courtesy: College Station Utilities

Switch on a feeder
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Fuse cutout
a fuse cutout or cut-out fuse is a combination of a 
fuse and a switch, used in primary overhead feeder lines 
and taps to protect distribution transformers from current 
surges and overloads. An overcurrent caused by a fault in 
the transformer or customer circuit will cause the fuse to 
melt, disconnecting the transformer from the line. It can 
also be opened manually by utility linemen standing on the 
ground and using a long insulating stick called a ‘hot stick’.

Protective Devices
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Fuses

Fuses contain a narrow 
strip of metal which is 
designed to melt (safely) 
when the current exceeds 
the rated value, thereby 
interrupting the power to 
the circuit.

Circuit Breakers

CBs trip (Open) when 
the current exceeds the 
rated value, thereby 
interrupting the power to 
the circuit. In most 
cases they can double 
as a power disconnect. 

Protective Devices
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EHV Sub-stations

Distribution s/s

Power System in a typical city
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Distribution s/s

Power System in a typical city
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Distribution s/s

Power System in a typical city
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EHV Sub-stations

Distribution s/s

Energy Flow
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EHV Sub-stations

Distribution s/s

Energy Flow
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Operational Details:
• Protection

 Coordination
 Mostly Radial operation

• Fault location, isolation and service restoration
 Vegetation Management
 Quick restoration - automatic reclosing

• Distributed Energy Resources (DER)
 Smaller power Sources 
 Storage and renewable generation
 Voltage Regulation

• Demand Side Management
 Demand Response
 Conservation and Efficiency improvement

• Smart Grid  
 Distribution Automation Systems 28
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Decision support tool for the operator

Distribution s/s

SW12

SW13
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Distribution s/s

SW12

SW13

Decision support tool for the operator
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Distribution s/s
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Distribution s/s
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Distribution s/s
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37



Distribution s/s
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Distribution s/s
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Distribution s/s
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Option 1:
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Distribution s/s

1

2

Fault

Which switching option ?
• Should not cause violations
• Minimum number of switchings

SW12

SW13

Option 1:
• Close SW12 & SW13

Option 2:
• Close SW12

Decision support tool for the operator
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Typical Distribution Control Room Environment

Source: http://tdworld.com/site-files/tdworld.com/files/uploads/2015/12/PDDCfinal_0.jpg42
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SCADA – Software Components
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Distribution s/s

Open WEBFeederSW4 ? 

Yes No

Control

SCADA – Software Components
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Distribution s/s

WEBFeederSW4 
Successfully opened !

Control

SCADA – Software Components
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Graphical User Interface

Real Time display

Single Line Diagrams,Graphics,Maps 

Trends; Real-time and Historic 

Alarms; current and Historic 

Interface to control field devices 

SCADA – Software Components
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GIS Application Interface

Consumers associated 
with a ADP (Auxiliary 
Distribution Pillar)

Bird’s view of 
project area

Building 
Footprints

Source: web
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Distribution Automation Application Functions

• Feeder Reconfiguration for Service Restoration

• Feeder Reconfiguration for loss minimization

• Integrated volt-var control

• Feeder Reconfiguration for Load Balancing

• Outage Management

• Load Management/Demand Response

• ………
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Remotely controllable switch on a feeder

Courtesy: College Station Utilities
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Distribution s/s

Fault

Network Reconfiguration - Fault Localization
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• Fault Location, 
Isolation, and Service 
Restoration (FLISR) 
and Automated Feeder 
Switching*

*https://www.energy.gov/sites/prod/files/2016/11/f34/Distribution%20Automation%20Summary%20Report_09-29-16.pdf



Distribution s/s

Network Reconfiguration - Fault Localization
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Distribution s/s

Network Reconfiguration - Fault Localization
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Distribution s/s

Network Reconfiguration - Fault Localization
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Distribution s/s

Network Reconfiguration - Fault Localization
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Distribution s/s

Network Reconfiguration - Fault Localization
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Distribution s/s

Network Reconfiguration - Fault Localization
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Distribution s/s

• Localization is faster compared to 
manual determination of
faulty section

Network Reconfiguration - Fault Localization
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• Restores service to non-faulty feeder sections by reconfiguration

• Considerations

* Presence of alternate paths
* Operation of LB switches
* Need to have remotely controllable switches
* Restoration based on

- satisfaction of current and voltage constraints
- minimum switches
- minimum losses

Network Reconfiguration - Fault Localization
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Distribution s/s

Network Reconfiguration – Service Restoration
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Distribution s/s

Network Reconfiguration – Service Restoration
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Distribution s/s

Network Reconfiguration – Service Restoration
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Distribution s/s

• Considerations
* Presence of alternate paths
* Operation of LB switches
* Need to have remotely controllable switches
* Restoration based on

- satisfaction of current and voltage constraints
- minimum switches
- minimum losses

Network Reconfiguration – Service Restoration

67*https://www.energy.gov/sites/prod/files/2016/11/f34/Distribution%20Automation%20Summary%20Report_09-29-16.pdf



Distribution Automation Application Functions

• Feeder Reconfiguration for Service Restoration

• Feeder Reconfiguration for loss minimization
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Capacitor Banks

Courtesy: College Station Utilities

Courtesy: College Station Utilities
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• Feeder Reconfiguration for Service Restoration
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• Integrated volt-var control
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Distribution Automation Application Functions
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Capacitor Banks

Courtesy: College Station Utilities

Courtesy: College Station Utilities

Courtesy: College Station Utilities 72



Illustration of Distribution Automation System

Ref: 69th Annual Conference for Protective Relay Engineers, April 4-7, 2016, Texas A&M University,73
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Illustration of Distribution Automation System
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New Trends in Distribution System Operations

• Protection challenges

• Distribution State Estimation

• Integration of renewables

• New Paradigm : Smart Grids

• Micro-grids

• Distributed Energy Resources (DER)

• Integration of renewables

• ……….

• Incipient Fault Identification
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