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The Impedance Relay Characteristic
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Need for Directionality
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Directionality Improvement
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Mho Element Characteristic 
(Directional Impedance Relay)
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Three-Zone Distance Protection
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Line Protection With Mho Elements
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حفاظت دیستانس

مزیت عمده حفاظت دیستانس بر  مزیت عمده حفاظت دیستانس بر  
:: حفاظت اضافه جریان   حفاظت اضافه جریان  

مستقل بودن محدوده حفاظتی از   مستقل بودن محدوده حفاظتی از   
 تغییرات امپدانس منبع تغییرات امپدانس منبع
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Relay based on an amplitude comparator:Relay based on an amplitude comparator:

It operates when the ampereIt operates when the ampere--turns of the current circuit turns of the current circuit 
are greater than the ampereare greater than the ampere--turns of the voltage circuit.turns of the voltage circuit. )()( VSIZS
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حفاظت دیستانس
The following analysis shows that for two signals, The following analysis shows that for two signals, SS00 and and SSrr , which are to , which are to 
be compared in be compared in magnitudemagnitude, there exist two other signals , there exist two other signals SS11 and and SS22 that that 
can be compared by can be compared by phasephase..
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+1-1
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C< =(S1< α)/(S2< β)     −90◦ ≤  ≤+90◦.
−90◦ ≤α−β≤+90◦

 <90◦ =90◦

 >90◦
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Impedance relayImpedance relay

Dividing by KI , gives:

The constant K takes into account the transformation ratios of the CTs and VTs
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حفاظت دیستانس

Drawing Drawing ZZRR//K in the RK in the R--X plane, the operating characteristic of the relay is X plane, the operating characteristic of the relay is 
determined by the locus of the points determined by the locus of the points Z Z such that such that , the phase angle between , the phase angle between SS1 and 1 and 
SS2, is given by 2, is given by −−9090◦◦ ≤≤≤≤+90+90◦◦..

Impedance relayImpedance relay
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حفاظت دیستانس
Impedance relayImpedance relay
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حفاظت دیستانس

Three main disadvantages:Three main disadvantages:
1.1. It is not directional; It is not directional; 
2.2. It is affected by the arc It is affected by the arc 

resistance.resistance.
3. It is highly sensitive to 3. It is highly sensitive to 

oscillations on the power system oscillations on the power system 

Impedance relayImpedance relay
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حفاظت دیستانس

Directional relayDirectional relay

Dividing by KDividing by KI I , and defining , and defining ZZ==V/IV/I, gives, gives
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حفاظت دیستانس

Reactance relayReactance relay
To Measure Only the Reactive Component of the Line ImpedanceTo Measure Only the Reactive Component of the Line Impedance

dividing by KIdividing by KI

As the impedance of the fault is almost always resistive, it migAs the impedance of the fault is almost always resistive, it might be assumed thatht be assumed that
the fault resistance has no effect on the reactance relays. In athe fault resistance has no effect on the reactance relays. In a radial system this is radial system this is 
generally true, but not necessarily if the fault is fed from twogenerally true, but not necessarily if the fault is fed from two or more pointsor more points
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حفاظت دیستانس

Mho relayMho relay
The mho relay combines the properties of impedance and directionThe mho relay combines the properties of impedance and directional relaysal relays
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حفاظت دیستانس
Influence of load and fault resistance on distance relaysInfluence of load and fault resistance on distance relays
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حفاظت دیستانس
Influence of load and fault resistance on distance relaysInfluence of load and fault resistance on distance relays
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حفاظت دیستانس

Relays with lens characteristicsRelays with lens characteristics

Zone 3 offset lens characteristic

Distance relays with lens Distance relays with lens 
characteristics are very useful characteristics are very useful 
for protecting high impedancefor protecting high impedance

lines that have high power lines that have high power 
transfers.transfers.
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حفاظت دیستانس
Relays with polygonal characteristicsRelays with polygonal characteristics

The polygonal tripping characteristic is The polygonal tripping characteristic is 
obtained from three independent measuringobtained from three independent measuring

elements elements –– reactance, resistance and reactance, resistance and 
directionaldirectional

Relays with polygonal characteristics Relays with polygonal characteristics 
provide an extended reach in order provide an extended reach in order 

to cover the fault resistance, in to cover the fault resistance, in 
particular for short linesparticular for short lines
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حفاظت دیستانس

::بار پذیري خط با وجود رله دیستانس    بار پذیري خط با وجود رله دیستانس    
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حفاظت دیستانس

Setting the reach and operating time of distance relaysSetting the reach and operating time of distance relays
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حفاظت دیستانس

Distance relay protection zones for a radialDistance relay protection zones for a radial

tt1 is normally set  instantaneously.1 is normally set  instantaneously.
t2 is usually of the order of 0.25 to 0.4 s.t2 is usually of the order of 0.25 to 0.4 s.
t3 is in the range of 0.6 to 1.0 s.t3 is in the range of 0.6 to 1.0 s.
In the case of zone 3, when the settings of relays at different In the case of zone 3, when the settings of relays at different locations overlap, then locations overlap, then 
the timer for the zone 3 of the furthest relay should be increasthe timer for the zone 3 of the furthest relay should be increased by at least 0.2 s to ed by at least 0.2 s to 

avoid incorrect coavoid incorrect co--ordinationordination
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: : حفاظت دیستانس براي خط از دو طرف تغذیه    حفاظت دیستانس براي خط از دو طرف تغذیه     
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حفاظت دیستانس
::اثر جبران کننده هاي خط بر رله دیستانس  اثر جبران کننده هاي خط بر رله دیستانس  

خازن سريخازن سري
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حفاظت دیستانس
::اثر جبران کننده هاي خط بر رله دیستانس  اثر جبران کننده هاي خط بر رله دیستانس  

 سری سریراکتورراکتور
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حفاظت دیستانس
::اثر جبران کننده هاي خط بر رله دیستانس  اثر جبران کننده هاي خط بر رله دیستانس  

راکتور موازیراکتور موازی
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ThreeThree--phase distance relaysphase distance relays

On a threeOn a three--phase power system, there are phase power system, there are ten distinct types of possible ten distinct types of possible 
faults:faults: a threea three--phase fault, three phasephase fault, three phase--toto--phase faults, three phasephase faults, three phase--toto--
ground faults and three doubleground faults and three double--phasephase--toto--ground faults.ground faults.
The equations that govern the relationship between voltages and The equations that govern the relationship between voltages and 
currents at the relay location are different for each of these fcurrents at the relay location are different for each of these faults.aults. We We 
should therefore expect that it will take several distance relayshould therefore expect that it will take several distance relays, each of s, each of 
them energized by a different pair of voltage and current inputsthem energized by a different pair of voltage and current inputs, to , to 
measure the distance to the fault correctly. It is a fundamentalmeasure the distance to the fault correctly. It is a fundamental
principle of distance relaying that, regardless of the type of fprinciple of distance relaying that, regardless of the type of fault ault 
involved, the voltage and current used to energize the appropriainvolved, the voltage and current used to energize the appropriate relay te relay 
are such that the relay will measure the are such that the relay will measure the positive sequence impedancepositive sequence impedance to to 
the faultthe fault
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ThreeThree--phase distance relaysphase distance relays
Phase-to-phase faults: (b-c fault)
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Phase-to-phase to ground faults: (b-c –g fault)

Thus, a distance relay, to which the Thus, a distance relay, to which the 
lineline--toto--line voltage between phases b line voltage between phases b 
and c is connected, and which is and c is connected, and which is 
supplied by the difference between the supplied by the difference between the 
currents in the two phases, will currents in the two phases, will 
measure the positive sequence measure the positive sequence 
impedance to the fault, when a fault impedance to the fault, when a fault 
between phases b and c  or between phases b and c  or bb--cc--gg
occurs.occurs.
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ThreeThree--phasephase fault:fault:



دکتر عباس کتابیدکتر عباس کتابی: : تهیه کنندهتهیه کننده(3434)
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Current transformer and voltage transformer connections forCurrent transformer and voltage transformer connections for
distance relays for phase faultsdistance relays for phase faults
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Ground faultsGround faults

a new current is defined as follows:
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The factor m for most overhead transmission lines is The factor m for most overhead transmission lines is 

a real number, and varies between 1.5 and 2.5.a real number, and varies between 1.5 and 2.5.
A good average value for m is 2.0, which corresponds A good average value for m is 2.0, which corresponds 

to Z0 of a transmission line being equal to 3Z1to Z0 of a transmission line being equal to 3Z1

Current transformer and voltage transformer connections 
for distance relays for ground faults
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Multiterminal lines

A. Current outfeed
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B. Current infeed
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Influence of a combined effect of load and Fault resistance on an impedance measurement 


