
E m ul ati o ns of O v er v olt a g e a n d O v er c urr e nt R el a ys 
I n Tr a ns missi o n Li n es 

H. A mr ei z
L o n d o n C oll e g e U C K,  

D e p a rt m e nt of E n gi n e eri n g 
L o n d o n, U K  

h. a mr ei z @l c u c k. u k

A. J a n b e y
L o n d o n C oll e g e U C K, 

D e p a rt m e nt of E n gi n e eri n g 
 L o n d o n, U K 

a.j a n b e y @l c u c k. a c. u k

M. D ar wis h
B r u n el U ni v ersit y   

El e ctr o ni c a n d C o m p ut er E n gi n e eri n g 
L o n d o n, U K  

m o h a m e d. d ar wis h @ br u n el. a c. u k 

     A b str a ct—  A n “ O v e r V olt a g e R el a y ” is o n e of t h e 
p r ot e c tiv e r el a y s w hi c h o p e r at es w h e n t h e v olt a g e e x c e e ds a 
p r es et v al u e. I n a t y pi c al a p pli c ati o n t h e o v e r v olt a g e r el a y is 
us e d f o r o v e r v olt a g e p r ot e cti o n, w hi c h is c o n n e ct e d t o a 
p ot e nti al t r a nsf o r m e r, a n d c ali b r at e d t o o p e r at e at o r a b o v e a 
s p e cifi c v olt a g e l e v el. A n " U n d e r V olt a g e R el a y " a n d a n " O v e r 
C u r r e nt R el a y " a r e als o p r ot e cti v e r el a y s w hi c h o p e r at e w h e n 
t h e v olt a g e is r e d u c e d, o r t h e c u r r e nt is i n c r e as e d b el o w o r a b o v e 
a p r es et v al u e. I n a t y pi c al a p pli c ati o n t h es e r el a y s a r e c o n n e ct e d 
t o p ot e nti al t r a nsf o r m e r s, a n d c ali b r at e d t o o p e r at e at, a b o v e o r 
b el o w a s p e cifi c v olt a g e o r c u r r e nt l e v els. 
T h e e m ul at o r u s e d i n p a p e r si m ul at e d e x p e ri m e nt s of all t h r e e 
t y p es of r el a y s m e nti o n e d a b o v e. T h e t r a ns missi o n li n e e m ul at o r 
us e d i n t his p a p e r is a n H V A C t r a ns missi o n li n e of l e n gt h of 1 8 0 
k m. T h e t r a ns missi o n li n e of t h e e m ul at o r c a n b e us e d as a 3-
p h as e t r a ns missi o n li n e of 1 8 0 k m l e n gt h o r as a si n gl e- p h as e 
t r a n s missi o n li n e of 5 4 0 k m l o n g. T his t r a ns missi o n li n e i n t h e 
e m ul at o r is di vi d e d i nt o 6 π s e cti o ns a n d e a c h π s e cti o n is 3 0 k m 
l o n g. T h e li n e i n d u ct a n c e of t h e t r a ns mi ssi o n li n e of t h e 
e m ul at o r is e x a mi n e d f o r e v e r y 3 0 k m a n d t h e li n e c a p a cit a n c e 
is e x a mi n e d f o r e v e r y 1 5 k m. T h e li n e p a r a m et e rs of t h e 
e m ul at o r ( R L C) f o r t h e 4 0 0 k V t r a ns mis si o n li n e a r e: 0. 0 2 9 7 8 
Ω/ k m, 1. 0 6 m H/ k m a n d 0. 0 1 4 6 µ F/ k m, r es p e cti v el y.  

K e y w o r d s: o v er v olt a g e r el a y, u n d er v olt a g e r el a y, o v er c u rr e nt 
r el a y.  

I. I N T R O D U C TI O N

I n t h e e arl y d a ys, g e n er ati o n, tr a ns mi ssi o n, a n d distri b uti o n 
of el e ctri cit y w er e i n m o st c as es D C c urr e nt. D C s yst e m s 
p o s e d a pr o bl e m w hi c h is t h e f a ct t h at t h e l e v el of t h e v olt a g e 
w a s diffi c ult t o c h a n g e. H o w e v er, t hi s c o ul d b e a c hi e v e d b y 
usi n g r ot ati n g m a c hi n es, b ut t h e c o sts will b e m u c h gr e at er. 
N o w a d a ys A C p o w er s yst e ms ar e us e d m or e oft e n t h a n D C 
s yst e ms. At t h e pr o d u cti o n p o w er st ati o n, el e ctri cit y i s 
tr a ns mitt e d at v er y hi g h v olt a g es t o r e d u c e l o ss es a n d 
c o ns e q u e ntl y it m u st b e st e p p e d d o w n at t h e s u b st ati o n s o t h at 
it c a n b e us e d b y t h e diff er e nt c ust o m er s. I n t h e d esi g n a n d 
o p er ati o n of tr a ns mi ssi o n li n es, it is a f a ct t h at t h e m ai n 
f a ct or s of t h es e li n e s ar e t h e v olt a g e dr o p, t h e l o ss e s of t h e 
li n es a n d t h e effi ci e n c y of t h e tr a ns mis si o n li n e s.  
T h e e m ul at or us e d i n t his p a p er c a n b e us e d t o i n v esti g at e 
si m ul ati n g e x p eri m e nt s w hi c h c o v er all d esi g n as p e cts of 
hi g h v olt a g e tr a n s mis si o n li n e s. I n pr e vi o u s p a p er s ( 1) a n d ( 2) 
t h e e m ul at or w a s u s e d t o i n v esti g at e t h e F err a nti eff e ct, t h e 
A B C D p ar a m et er s of 4 0 0 k V H V A C tr a ns mis si o n li n e a n d 
t h e s ur g e i m p e d a n c e l o a di n g. P a p er ( 2) i n v esti g at e d t h e s h u nt 
r e a ct or c o m p e ns ati o n, s h u nt c a p a cit or c o m p e n s ati o n, a n d 
s eri es r e a ct or c o m p e ns ati o n. T his p a p er will pr es e nt t h e 
r es ult s of t h e e m ul ati o n s of o v er v olt a g e, u n d er v olt a g e a n d 
o v er c urr e nt r el a ys of t h e tr a ns mi ssi o n li n es u n d er h e a v y 
l o a di n g c o n diti o ns. 
Tr a ns mis si o n li n es ar e a vit al p art of t h e el e ctri c al di stri b uti o n 
s yst e m, as t h e y pr o vi d e t h e p at h t o tr a nsf er p o w er b et w e e n 

g e n er ati o n a n d l o a d. Tr a ns mi ssi o n li n es o p er at e at v olt a g e 
l e v els fr o m 6 9 k V t o 7 6 5 k V a n d ar e i d e all y a n d ti g htl y 
i nt er c o n n e ct e d f or r eli a bl e o p er ati o n. F a ct or s li k e d e-
r e g ul at e d m ar k et e n vir o n m e nt, e c o n o mi cs, ri g ht of w a y 
cl e ar a n c e a n d e n vir o n m e nt al r e q uir e m e nt s h a v e p us h e d 
utiliti es t o o p er at e tr a n s missi o n li n es cl o s e t o t h eir o p er ati n g 
li mit s. A n y f a ult, if n ot d et e ct e d a n d is ol at e d q ui c kl y will 
c as c a d e i nt o t h e s yst e m wi d e dist ur b a n c e c a usi n g wi d es pr e a d 
o ut a g e s f or a ti g htl y i nt er c o n n e ct e d s yst e m o p er ati n g cl o s e t o 
its li mits. Tr a ns mis si o n li n es pr ot e cti o n s yst e ms ar e d esi g n e d 
t o i d e ntif y t h e l o c ati o n of f a ults a n d is ol at e o nl y t h e f a ult e d 
s e cti o n. T h e k e y c h all e n g e t o t h e tr a n s mi ssi o n li n e pr ot e cti o n 
li es i n r eli a bl y d et e cti n g a n d is ol ati n g f a ults wit h o ut 
c o m pr o misi n g t h e s e c urit y of t h e s yst e m. 

II. FA C T O R S IN F L U E N CI N G LI N E P R O T E C TI O N 

T h e hi g h-l e v el f a ct or s i nfl u e n ci n g li n e pr ot e cti o n i n cl u d e t h e 
criti c alit y of t h e li n e i n t er m s of l o a d tr a nsf er a n d s yst e m 
st a bilit y, f a ult cl e ari n g ti m e r e q uir e m e nts f or s yst e m st a bilit y, 
li n e l e n gt h, t h e s yst e m f e e di n g t h e li n e, t h e c o nfi g ur ati o n of 
t h e li n e, t h e n u m b er of t er mi n als, t h e p h ysi c al c o n str u cti o n of 
t h e li n e, t h e pr es e n c e of p ar all el li n e s, t h e li n e l o a di n g, t h e 
t y p es of c o m m u ni c ati o n s a v ail a bl e, a n d f ail ur e m o d es of 
v ari o us pr ot e cti o n e q ui p m e nt. T h e m or e d et ail e d f a ct or s f or 
tr a ns mis si o n li n e pr ot e cti o n dir e ctl y a d dr ess d e p e n d a bilit y 
a n d s e c urit y f or a s p e cifi c a p pli c ati o n. T h e pr ot e cti o n s yst e m 
s el e ct e d s h o ul d pr o vi d e r e d u n d a n c y t o li mit t h e i m p a ct of 
d e vi c e f ail ur e, a n d b a c k u p pr ot e cti o n t o e ns ur e d e p e n d a bilit y. 
R e cl o si n g m a y b e a p pli e d t o k e e p t h e li n e i n s er vi c e f or 
t e m p or ar y f a ults, s u c h as li g ht ni n g stri k es. T h e m a xi m u m 
l o a d c urr e nt l e v el will i m p a ct t h e s e nsiti vit y of pr ot e cti o n 
f u n cti o ns a n d m a y r e q uir e a dj ust m e nt s t o pr ot e cti o n 
f u n cti o ns s etti n gs d uri n g c ert ai n o p er ati n g cir c u mst a n c es. 
Si n gl e- p ol e tri p pi n g a p pli c ati o ns aff e ct t h e p erf or m a n c e 
r e q uir e m e nts of di st a n c e el e m e nts, diff er e nti al el e m e nts, a n d 
c o m m u ni c ati o n s s c h e m e s. T h e p h ysi c al c o n str u cti o n of t h e 
tr a ns mis si o n li n e is als o a f a ct or i n pr ot e cti o n s yst e m 
a p pli c ati o ns. T h e t y p e of c o n d u ct or, t h e si z e, a n d s p a ci n g of 
c o n d u ct or s d et er mi n e s t h e i m p e d a n c e of t h e li n e a n d t h e 
p h ysi c al r es p o ns e t o s h ort cir c uit c o n diti o ns as w ell as li n e 
c h ar gi n g c urr e nt. I n a d diti o n t o t hi s, t h e n u m b er of li n e 
t er mi n als d et er mi n e s l o a d a n d f a ult c urr e nt fl o w, w hi c h m u st 
b e a c c o u nt e d f or b y t h e pr ot e cti o n s yst e m. P ar all el li n es als o 
aff e ct r el a yi n g a s m ut u al c o u pli n g i nfl u e n c es t h e gr o u n d 
c urr e nt m e a s ur e d b y pr ot e cti v e r el a ys. T h e pr es e n c e of 
t a p p e d tr a nsf or m er s o n a li n e or r e a cti v e c o m p e ns ati o n 
d e vi c es s u c h a s s eri e s c a p a cit or b a n ks or s h u nt r e a ct or s als o 
i nfl u e n c es t h e c h oi c e of pr ot e cti o n s yst e m a n d t h e a ct u al 
pr ot e cti o n d e vi c e s etti n gs. It is c urr e ntl y v er y c o m m o n f or 
e m ul ati o n s a n d si m ul ati o n t o b e us e d as t o ols t o e x a mi n e 
r at h er diffi c ult pr a cti c al e x p eri m e nts of tr a ns mi ssi o n li n e s. 
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III. TRANSMISSION LINE PROTECTION RELAYS

The main purpose of transmission protection relays is to 

identify the faults of the location. These relays are also used 

to identify the type of faults in transmission lines. 

Transmission line protections are based on the use of relays 

of different types of relay systems which are used to protect 

transmission lines. These include protective relays which 

function to detect the fault and to initiate the appropriate 

control signal such as the tripping signal. Regulating relay is 

a device which manages the operation of the load of tap 

changer on the transformer. Reclosing and synchronizing 

relays are programmable relays where the function initiates a 

sequence of actions leading to the automatic reclosing of the 

circuit breaker. Auxiliary Relays assists other relays by 

applying supplementary actions. 

The actual transmission lines unit and the measurement and 

protection units are shown in figure 1 and 2 respectively (12). 

1-OVER CURRENT RELAYS
The aim of this experiment is to study the operation of over
current relay using the high voltage Transmission Line
Analyzer. An "Over Current Relay" is one of the protective
relays which operates when the load current exceeds a preset
value. In a typical application, this relay is used for over
current protection, connected to a current transformer, and
calibrated to operate at or above a specific current level.  Over
current relays are the cheapest type of line protection. There
are three types of overcurrent relays that are commonly used.
These are time-delay overcurrent (TDOC), instantaneous
overcurrent relays (IOCR) and directional overcurrent relays
(DOCR). Overcurrent relays are quite difficult in practice and
these difficulties arise when coordination, selectivity, and
speed are implicitly essential. The settings which need to be
changed usually require changes to the configurations of the
system. Furthermore, they are not able to distinguish between
fault and load currents and because of this when they are used
to protect against faults, they become useful only if the
minimum value of the fault current becomes bigger than the
current at full load. On the other hand, they are efficiently used
in sub-transmission systems as well as radial distribution
systems. The reason for this is that the faults of these systems
do not affect stability of the system and consequently there is
no need for protection at high speeds. The use of TDOC relays
is mainly in radial systems and in such cases, they are used
only for phase and ground protections. In these situations, they
are usually of two-phase relay and one ground relay which
will protect the line from all phase and ground faults and at the
same time minimizes the number of relays which are used in
the system. However, if a third phase relay is added to the
system, it will act as another alternative fault protection. This
is viewed as two relays for each type of fault, and in most
cases, it is the preferred option. These systems are used in sub-
transmission lines and in industrial systems because the cost
is much lower. As the fault arises closer to the source, the fault
current becomes bigger, but the tripping of the relay takes a
longer time and, in such cases, TDOC cannot be used just by
itself. As shown in figure 3 an instantaneous overcurrent relay
must be added to provide better protection of the system. In
such situations the fault current decreases because the fault is
now close to the end of the line. In this case, the instantaneous
relay is used till the point just before the beginning of the
following bus. The relay in this case will not protect against
faults after the end of the line even though it will provide for

almost all of the line. Figure 3 shows this system of protection 
relay. 

 Figure 1. Transmission line unit 

  Figure 2.Measurement and protection unit 

 Figure 3. Connections of overcurrent relays (13) 

When it is essential for fault tripping to be in one direction 
only and if there are many source circuits, it becomes 
imperative to use directional overcurrent relays. This is used 
to coordinate between all the relays of the system so that a 
fault can be detected more easily. If this methodology is not 
followed, coordination becomes almost impossible.  

In this system two inputs are needed which are the 
operating current and a reference value which will not change 
with the position of the fault. If phase relays are used, the 
reference value in this case is the voltage at the position of the 



relay. In such systems, the neutral current i.e., the current in 
the neutral of star-connection power transformer is taken as a 
directional reference value. The autotransformer is varied to 
change the voltage applied at the sending end and the load is 
connected at the receiving end. When 80% of a set current is 
reached, the emulator indicates that and shows the reached 
level of current. The current value is gradually increased using 
the autotransformer until it becomes bigger than the set value. 
After this the relay timer starts and when the set time is 
reached, the relay trips and the emulator instantly indicates 
this value.  The connections of over current relays are shown 
in figure 4 and the initial readings of the over current relay are 
shown in figure 5.  The readings of the sending and the 
receiving ends of the transmission line is shown in figure 6 

and the open and short circuit readings are shown in figure 7.  

 Figure 4. Connections of Over current relay 

 Figure 5. Initial readings of over current relay 

 Figure 6.  Sending and receiving readings of the emulator 

  Figure 7.  Readings of the open and short circuit of the emulator 

2-OVER VOLTAGE RELAY
The aim of this experiment is to study the operation of over

voltage relay using High Voltage Transmission Line

Analyzer. Overvoltage is caused by an increase in voltage for

short time in power systems which is commonly named the

surge or transients voltage. The stress resulting from this

voltage can damage transmission lines and the different parts

and equipment which are connected to the system. The main

two types of over voltage in power systems are those caused

by external reasons and those caused by internal reasons. At

high frequency, transient over voltages are generated and

these result from switching of the load as well as lightning.

This can also happen at medium frequency when energizing

capacitors at low frequency. Over voltage which is caused by

lightning strikes is a surge that is not related to the actual

voltage of the transmission line. The cause of this could be of

many reasons which include over voltages induced

electromagnetically because of lightning discharge which

occurs near the transmission line. These include side strikes,

lightning strikes and induced voltages which occur because

of changes in the atmosphere which can be seen along all the

length of the transmission line. There are also voltages which

are induced electrostatically because of the existence of

clouds which are charged near the transmission line areas. In

addition to this, there are also over voltages which are

induced electrostatically because of the effects of the friction



of small particles such as dry snow or dust in the vicinity of 

the transmission lines or even because of the changes that 

occur in the altitude of the transmission line. The potential 

difference between the earth and the cloud causes flashes of 

lightning which take place when the voltage difference 

between the earth and the clouds reaches 5 to 20 million volts. 

Another way of explaining this is when the gradient of the 

potential difference reaches 5000V to 10000 V per cm by 

both direct and indirect strikes. 

Internal over voltages are due to the occurrence of changes, 

which happen in the conditions of the operation of the power 

system of the transmission lines. These changes can be either 

switching over voltages or transient over voltages which 

happen at high frequencies. These changes occur when the 

switching operation is in normal operating conditions or 

when the fault occurs in the network of the transmission lines. 

If a transmission line is long and unloaded and it is charged, 

the receiving end voltage is greatly increased due to the 

Ferranti effect which will result in over voltage in the 

transmission line system. At the same time if the primary side 

of the transformers or even the reactors are switched on, the 

transient over voltage will consequently occur in the system. 

There are also temporary over voltages and these voltages 

occur when large loads are removed or disconnected from the 

long transmission line in both normal and steady state 

conditions. All these over voltages are emulated in the 

analyzer by either creating intentional short circuits or by 

introducing a fault into the system and both approaches have 

been applied in the simulation. The connections of the 

emulator for over voltages are shown in figure 8 and the 

tripping of the emulator is shown in figure 9. The initial 

readings of the sending and receiving end of the line are 

shown in figure 10. 

EFFECTS OF OVER VOLTAGES ON POWER SYSTEMS 

Over voltage can stress the insulation of the equipment in the 

electrical system and consequently it will damage these 

insulations especially when this occurs quite often. In 

addition to this, over voltage which results from voltage 

surges can result in sparks flashes between the ground and the 

phase. This occurs at the weakest point in the electrical 

system during breakdown of gaseous, solid, and liquid 

insulation and during failures of moving electrical machines 

and transformers. Electrical power systems suffer quite 

frequently from abrupt over voltages. These over voltages are 

caused by abrupt interruption of the heavy loads in the 

electrical network, impulses of lightening and switching 

impulses. Even though not all over voltages are strong 

enough to cause damage to the insulations of the electrical 

system, any occurrence of over voltages should be avoided in 

order to make sure that the operation of electrical power 

system is safe and smooth. Both damaging and nondamaging 

over voltages in the electrical network should always be 

prevented by using overvoltage protection relays. The 

stresses of these over voltages in the power system are usually 

defined as sudden abrupt surge of voltage to a much higher 

peak in a very short period. These surges of over voltages are 

naturally transient which means they occur only for a very 

short period. In addition to the main reasons for the 

occurrences of these over voltages in power systems, they 

could also result from failure of insulation, resonance, arcing 

ground and switching surges. These over voltages are not 

usually of very large magnitude and rarely surpasses double 

the value of the rated voltage. In most cases if an efficient 

insulation is installed within the different equipment of the 

electrical power system, this would be more than sufficient to 

prevent any damage from these types of over voltages. 

However, over voltages which occur in the power network 

because of lightning is usually very high and consequently if 

a proper system of protection is not installed within the 

electrical power system it is very likely that the damage could 

be extremely severe. It is for these reasons that most of the 

devices which are used for over voltage protection are 

designed for the protection from such surges. 

 Figure 8. Connections of over voltage relays 

  Figure 9. Tripping of overvoltage relay of the emulator 



  Figure 10. initial readings of the sending and receiving end of the line 

3-UNDER VOLTAGE RELAY
The aim of this experiment is to study the operation of under 

voltage relay using High Voltage Transmission Line 

Analyzer. An undervoltage occurs when the value of the 

voltage becomes less than the rated operational value. 

Undervoltage may result in a malfunction, an error or even or 

failure of the equipments of the power system. This could 

also in some cases lead to loss of data if this happens for 

example in computer systems. Undervoltage can be defined 

as a sudden drop in the rated voltage which is usually 

measured in r.m.s. values and it is known as the retained 

voltage. It can thus be deduced that undervoltage is  a 

reduction of rated voltage in a short period of time and 

consequently it is mainly caused by short circuits in the 

electrical power system. Undervoltages can be considered the 

most common disturbance in power systems and its effect can 

be quite severe especially in industrial and large commercial 

sectors such as damages to the sensitivity equipments as well 

as losses of productions and finances on a daily bases. 

Examples of the sensitive equipments are Adjustable Speed 

Drive ASD, Programmable Logic Controller PLC, and chiller 

control. It is a fact that a detected undervoltage at the the 

terminal of an equipment could be the result of a short circuit 

fault which could be hundreds of miles away from the failure 

point in the transmission lines system. Undervoltages could 

be caused by many reasons. The main reason is the closing 

and opening of circuit breakers in the power system. If the 

circuit breaker of a phase in the power system is suddenly 

opened, this will cause the line which the circuit breaker is 

feeding to be disconnected temporarily from the power 

system and consequently the other feeder lines, which come 

from the same substation system will appear as an 

undervoltage. It is also a fact that undervoltage which is 

caused by a fault can be very critical to the the performance 

and operation of a power system. It must be stated here that 

the magnitude of undervoltage can be either  equal or unequal 

in each phase. This will depend on the type of fault that 

occurred and whether this fault is symmetrical or 

unsymmetrical.  However undervoltages which result from 

starting of motors are symmetrical. For example induction 

motors are three phase balanced loads which means that all 

the high starting current in all the phases are approximately 

the same. Undervoltages which result from energising 

transformers result from two main causes. The first cause is 

the normal operations of the power system such as manual 

energizing of the transformer. The other cause results from 

reclosing actions and both of these undervoltages are 

naturally unsymmetrical. Other undervoltages result from 

flash overs which occur during a storm in regions close to the 

coasts and in these areas the transmision lines are usually 

covered with salt deposits from steams of sea water. These 

deposits of salt are good conductor of electricity and 

cosequently faults normally occur in these sitautions. It is a 

common practise that in urban areas all power lines are 

burried underground and  when digging and foundation work 

are carried out near these power lines, this ould cause damage 

to the burried power cables and as a result undervoltages 

occur. In order to prevent these undervoltages, an 

underground voltage relay is used which puts the system out 

of service  and consequently no excessive current will pass 

through and as a result the system equipments are protected 

from any damage that could be caused by these 

undervoltages.      

 Figure 11. onnections of under voltage relay 



 Figure 12. Initial readings of  under voltgae relay 

  Figure 13. initial readings of under voltage relay 

Conclusions 
Emualtions of faults and short circuiting of transmission lines 

were carried out in order to analyse the effects on the 

performance of HV transmission lines. Three main relays 

werew investigated namely overvoltgae and undervoltage 

relays as well as overcurrent relays. It was concluded that it 

is essential for fault tripping to be in one direction only and 

when there are many source circuits, it becomes imperative 

to use directional overcurrent relays. This was used in order 

to coordinate between all the relays of the system so that a 

fault can be detected more efficiently. In such systems, the 

neutral current i.e. the current in the neutral of star-

connection power transformer was taken as a directional 

reference value. 

It was evident from the emulations that the spikes of the over 

voltages occurred in the power system of the transmission 

line because of the occurrence of changes of the operating 

conditions of the transmission lines. These changes were both 

switching over voltages and transient over voltages which 

happened at high frequencies. These changes happened when 

the switching operation occurred in normal operating 

conditions and when a fault occurred in the network of the 

transmission lines. When a long transmission line was used 

and it was unloaded and charged, the receiving end voltage 

has greatly increased due to the Ferranti effect which resulted 

in an over voltage in the transmission line.  

Undervoltages are the most common disturbance in power 

systems and its effect can be quite severe especially in 

industrial and large commercial sectors. Undervoltage at the 

the terminal occurred as a result of a short circuit fault which 

is introduced at different points of the transmission line. 

Other reasons were the closing and opening of circuit 

breakers in the power system. When the circuit breaker of a 

phase in the power system was suddenly opened, this had 

caused the line which the circuit breaker is feeding to be 

disconnected temporarily from the power system and 

consequently appeared as an undervoltage. 

TDOC relays were emulated mainly in radial systems for 

phase and ground protections. In these situations, they 

appeared as two-phase relay and one ground relay which 

protected the line from all phase and ground faults and at the 

same time minimized the number of relays which were used 

in the system. However, if a third phase relay was added to 

the system, it acted as another alternative fault protection. 
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