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Overview 

ÅPurpose of Protection Systems 

ÅCharacteristics of Protection Systems 

ÅTypes of Relay and Applications 



Purpose 

ÅThen we examine how a protection system 
operates. The primary purpose of the 
protection system is to detect faults and, as 
rapidly as possible, "clear" faults.  

ÅFaults are physical conditions that cause a 
device, component, or element to fail to 
perform in the required manner; for example, 
a short circuit or a broken wire.  



Causes of Faults 

ÅSome of the common causes of faults are:  
ÅA tree limb comes in contact with an energized 

overhead wire.  
ÅAn overhead wire breaks due to snow or ice loading, 

or because a car strikes the utility pole causing the 
wire to come in contact with the ground.  

ÅPower system components such as circuit breakers or 
transformers malfunction; or the insulation fails due to 
wear, age, or repeated operations.  

ÅLightning strikes an overhead wire, either causing 
physical damage or creating charged air molecules 
that serve as a path on which fault current can flow.  
 



Protection System 

ÅRapid operation of the protection system 
accomplishes the following:  

ÅMaintains Safety  

ïMaintains Personnel and Public Safety. A downed 
wire that has not been electrically isolated is still 
energized. This presents a safety hazard to people 
who may attempt to move it or who inadvertently 
contact it.  



ÅPrevents Damage  
ïPrevents More Extensive Damage. Short circuit 

currents during faults are many times the normal load 
currents. If the flow of the current is not interrupted 
quickly, components of the electric system may be 
damaged. In addition, some faults can cause over-
voltages that exceed the rating of the insulation of 
some components, resulting in further damage to the 
equipment. The overvoltage's are usually transient 
and are produced from simple circuit changes, such 
as a circuit breaker opening or the grounding of a 
conductor. 

Protection System 



ÅPrevents Stability Problems  

ïPrevents Power System Stability Problems. Faults 
that remain on high-voltage transmission 
equipment or on generators can cause system 
stability problems. Power system stability is 
discussed in more detail in Module 9: Principles 
of Power System Operation. 

Protection System 



Characteristics 

ÅProtection systems have three major 
components:  

Å1) Measuring Devices  

Å2) Protective Relays  

Å3) Control Circuitry  

 



ÅMost protection systems analyze power system 
current flow and/or voltage to determine whether a 
fault exists. Sudden changes in these quantities could 
indicate that a fault exists.  
ÅFor example: either a sudden increase in current flow 

to many times the normal load current, or a significant 
increase or decrease in line voltage could indicate that 
a fault exists somewhere.  

ÅThe protection system cannot directly use the voltage 
and current measurements from the high-voltage 
equipment as inputs. Therefore, these values must be 
scaled down.  

Measuring Devices 



ÅThe following devices perform this function:  

ïcurrent transformers (CTs)  

ïvoltage transformers (PTs)  

ïcoupling capacitance voltage transformers 
(CCVTs)  

 

Measuring Devices 



Current Transformer (CT) 

ÅPower system current is measured by current 
transformers; commonly called CTs. CTs 
reduce or scale down the actual current to 
proportional values of a few amperes for use 
by the protection system.  

ÅMost CTs are donut-shaped and are installed 
over the bushings of power transformers, 
circuit breakers, or generators.  



Current Transformers (CTs) 

ÅCTs produce a small secondary current flow (a 
few amps) that is proportional to a larger 
primary current flow in the power system.  

ÅThe turns ratio of the CT may be 2500:1. This 
allows the current to be reduced to make it 
useable for metering and relays. 



Bushing Mounted (CT) 
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Current Transformer (External) 
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ÅPower system voltage is measured either by 
voltage transformers or coupling capacitance 
voltage transformers (CCVTs), depending on the 
voltage level being measured. Both devices 
reduce electric system voltage down to 
proportional values of 120 volts or less.  
ÅVoltage transformers are simple magnetic core, 

wire-wound transformers. They are usually 
referred to as PTs, short for potential 
transformers. PTs operate in the same way as 
step-down power or distribution transformers.  



ÅAt voltage levels of 100 kV or higher, the cost of 
PTs becomes very high. At these voltage levels, 
therefore, CCVTs are typically used. A CCVT is a 
stack of capacitors connected between the points 
of voltage measurement. The desired 120 voltage 
level is obtained by voltage division. 

t¢Ωǎ ŀƴŘ //±¢Ωǎ 

The accuracy of CCVTs is less than that of PTs. 
CCVTs may not be acceptable, where high accuracy 
is required, such as for billing or metering 
functions.  



CCVT 



Voltage measuring 
transformers 
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