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/r$tocr-Ov.rcurrert relrys erc uscd for
protcctiotr of lircs, tntr3formcr, gGrer.toB, rtrd
motoB. GcDGritoE rtrd lord lrc coDDcctcd togcthcr
throrgh transmissior liocs, which tratrsport clcctric
powcr from the phcc vhGrc it is gctrcrrtcd to thc pltc.
where it is uscd.By doing thc urlysis rnd tcatin&
ovcrcurrent rchy D.y protcct ttc power system rnd
dcrl witt try rbtrorm.lity of r systcm which involvcs
thc clcctricrl frilurc of thc cqEipEctrt Ttc roL of
protcctivc rehys in t powcr sl.stcm is to dctect systcmg
rbmrDrlitics rtrd to crccutc rppropriatccomEends to
isolrt. swiftly tt th. f.ulty clDpotcnt froo hcelthy
sFtcltr. The tDal!.r. ovcrcurrcna rchy protlttion rves

crrricd out rt Penctw.trgM$ukutrmt (PM[D
SEGARI (SGRI) rod SIJNGAI SIPUT (SSPT).

I. INTRODUCTION

The earliest protective schemes evolved around
the excessive curre resulting from a fault, which is
the bmis of overcurrent protection schemes. For
trmsmission line protection in interconnected
systems, it is necessary to provide the desired
sehivity such that ;elay operation results iD the
least service inremrption while isolating the fault [l].

These relays operate based on the measure
e)gected curent from the monitored Time Multiplier
Seting CIMS) and current setting. The se'tting of
overcwnent relays operaring is based on the current
flow d[ough the systern. Basically, during the fault,
the cr.Erent flow more than the current sefting and at
certaia time, the trip alann will be activated by the
relay-The overq[rent relay is necessary when power
system fault not clearcd by main protection meam
that failure of main protection fault cletring system.
Overcurrent pmtection was applied in two parts. The
first one is nondirectional and the second one is
directional.Overcurrent protectioD, on the 6ft6x hand

isdirected entirely to 8re clearance of faults, although
with the settings usually adopted some measure of
overload Fotection may be obtained [2].

This project is to make sure the electrical
protective devices is heahhy and good condition.The
purpose of testing this electrical protective device is

to protect the aansmission line from faults.So from
the tesing relay, the results will show wtether the
protective devices ispassed or failed to protect the
system. Each result must be record and keep as a
result must be recorded and kept as a reference for
future use. It also can be as evidence when the system
has been trip-The testing protective devices were

using s€condary test equipment known as Omicron
CMC256 and another test set is Sverker 608E.
Tesing relay has been done at PMU SGRI and PMU
SSPT.

TherE are 2 q,pes of relay such as SPAJ l40C
and GEC MEASUREMENThave been tested and
recorded.The main advantage of using overcurrent
relay is that each retay can, by an appropriate choice
of setting acts as the backup relay to a relay nearer
the fault position and operate after a suitable time
delay to clear rhe fault in the event of protection or
circuit heaker elsewhere in the system

II. OVERCURRENT RELAY PROTECTION

Protective relays generally operate in response to
one or more elecEical quantities to open or close
contacts. The earliest forms of relays were
electsomechanical devices, a type that gained general

acceptanc€ because of its simplicity [3]. Relays are

consfiucted using either electromechanical or static.
For electrornechanical, thcse rehys were thc earlicst
forms of relay used for the Plotection of power
systems- The mechanical forc€ is generated thmugh
current flow in one or more windings on a magnetic
core, hence the term electromechanical relay. For
static relay, the term 'static' refers to the absence of
moving pans to creal€ the relay chancteristic [3]. It
is designed bas€d on the use of analogue electronic
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devices instead of coils and magnets to s€ate the

relay characteristic.
A rclay is an electrically operated switch. Relays

with catibraled operating characteristics and

sometimes muhiple operating coils art used to
protect electrical circuits from overload or hults. In a
typical application the overcurent relay is connected

to a currBnt transformer and calibrated to operate at

or above a specific curr€nt level-Overcurrent relay is

very important because overcurrent relay is

dependable protection based on simple indep€ndent

cur€nt measurcm€nts.

A. Relty Characteristics

Relay characleristic have two types which is

independent or definite time aDd dependent time or
lnverse Definite Minimum Time (DMT). lt is

impoftant that in any case of the system

abnormalities or faults, the IDMT overcurr€nt must
be capable to isolate only the faulty component from
the heallhy syst€m [4].Independent time means that
overcurrent relays are normally also provided
withelements having independent or definite time
characteristics [2].

(c)

FiglIIc I : lndepeident Time Cha"actetistics

Figure I shows that time
characteristicsmeans of coordinating several relays in
series in situations in which the system fuuh curent
varies very widely due to cbanges i-n source
impedance, as there is no change in time with the
variation of fauh currenl

to
(-{ftnr rDtlripbi of ,,}

Figure 2: Depeflde Time Char-acl€ristics or IDMT

The Figure 2 shows rclay characteristics is dep€ndent
time or IDMT means that the current/time tripping
characteristics of IDMT relays may need to be varied
according to the tripping time required and th€
characteristics of other protection devices used in tte
network [2]. The inverse-time characteristics of
overcurr€nt relays are defined in this standard. The
purpose of this standard is to provide an analyic
(formula) representation of typical relay operating
characteristic curve shapes of various inverse-times
relays [5].

Table I : Relay Cha.acteristics for I.D.M.T

TYPE OF
CIIARACIERISTICS

FORMULAE

Standard Inverse St 0.14
'-tz-7

Very Invers€ vI 13.5
'-t2-1

Ext a Invelse El 80
'-12-1

Long Time Inverse LTI 120
'-t-1

Tabte I shows the type of relay characteristic and
fonnulae. For these purposes, IEC 60255 defmea
oumber of standard characteristics as follows as

Standard Inverse (SI), Very lnverse (VI), Extremely
lnverse (EI) and Definite Time @T).
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B. Overc!fient Protection Setting

The time of operation of overcurrent relays
(OCR) can be reduce4 and at the same time,
coordination can be maintaine4 by selecting the

optimum values of time muhiplier setting (TMS) and
plug setring (PS) of ocR [6]. The TM (time
multiplier) sening of the relay adjusts the "backstop"
of the rotating disc. Tbe time oPeration is

proportional to th€ disance through which the disc
must rotate in order tooperate the conlacts. With the
multiplier s€t to one, the backstop is as far back as it
can go (1E0 degee), and the disc has to moYe

through its maximum Eavel in order to operate the
contacts. If the time multiplier is set to zero then the
backstop is positioned so that the contacts are
permanently closed.

The standard characteristic is graph of time
versus the plug multiplier setting (PSM); this avoids
one graph with many cunres and can be used to
calculate the actual time of operation for the relay.
PSM can be calculated where:

ls
P.S.M = --------------

p.s x lr
Where:
Is : s€condary cufient in amps
p.s : plug setting
lr : raJed curent (either lA or 5A)

As thc standard curvc is for TM=I, thcn the actual
time ofoperation (Ta) is given by:

Time ofoperadon,Ta = T.M x T1

Where:
Tl:time obtained from standard characteristic graph
for given fault condition.

Then the overcurrent pmte.ction setting also discuss
about how to get the value current pickup s€tting for
overcunent and earth frult.

Figure 3: Ttne Delay Chareteristic

Figure 3 shows about time delay characteristics in
oyercurent rclay protection and it operate with a

time delay. The tim€ delay is adjustable. For a given
setting the actual time delay depends on the current
through the relay coil. ln general, higher curent will
cause a faster operation of the relay. The minimum
current at which the relay operates (pick-up current)
is also adjusrable. It will be used in definite time
overcurrEnt.

Pickup current = Rated Secondary Current ofCT
x Current Settin8

I
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III. METHODOLOGY

1a!

Figurc 4: Flow Chan ofMethodology

Figure 4 shows that the method how the testitrg
begin and end with the rcsult. Tesing relay must
follow the procedure to avoid faults to the
system.

A. TYPE OF RELAY AND READ INPUT
DATA

I) PMU SGRI

Firstly the type of relay is identified. There
are types of overcu[ent relay and must lnow
how to read the data Aom the relay. After lnow
the type ofovercurrent relay, the input data from
the relay must be read,

Figure 5: Overcurent Relay Type SPAJ l40C

The type ofSPAJ l4(rc used as overcurrent relay
protection at PMU SGRI to protect the system as

shown in Figure 5.

2) PMU SSPT

Based on relay type GEC
MEASUREMENT, the relay show that the
results using test set SVERKER 608 E, TM200
and Multimeter to test the relay whether the relay
is good condition or not. The testing will be at
PMU SSPI

Figr-ne 6: Overcurrent Relay Protection for Non-
Directional

This relay is lmown as non{irectional type GEC
Measr.nement as shown in Figure 6.When the
rclay operates; one or more contacts will op€rate
and energize to trip (open) a circuir breaker. The
magnetic system in induction disc oyercurrent
relays is designed to detect overcuxrent in a
power system and operate with a predetermined
time delay when certain overcurrent limits have
been reached.
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A. COMPOSE NETWORK
CONFIGT]RATION

Engineering. So the TMSwere being a guide to
calculate the operating time.

I. PMU SEGARI

At PMU SGRI, current setting is l.5A and TMS is

0.25. Curent Transformer (CT) ratio is 600/1.

Operating Time, top-t curve XTMS

For 2 times currcnt setting, t nominal will be:

T nominal = ffixo.zs:z.sl
For 3 times current settin& t nominal will be:

0.14
T nominal = 3or2 _ 1x 0.25 = 1.58

The input data in the relay must be checked

and compared with configuration Engineering.
The data must be same with the input relay so
that the relays operate follow what the company
want.

B, SETUP THE SETTTNG

The device setting relay must be setup in
table to be more detail and get the specific result
when testing were done.

*r* 

-t*

-vEF.r't

@-
Fnov!r
T66tfr

2. PMU SIJNGAI SIPUT

At PMU SSPT, current s€tting is l.0A and TMS is
0-35. Current Transformer (CT) ratio is 200/1.

For 2 times current setting t nominal will be

Tnominal=ffixo.rs:r.st

For 3 times current setting, t nominal will be:
0.14

T nominal = IorZ:l x 0.35 = 2.206
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Iv. REST]LTS AND DISCUSSION

A. TESTING at PMU SEGARI
Figurc 7: Device Setting Relay

Figue 7 shows that the setting dara about relay,
nominal value for voltag€ afld current and others.
This setting so imponant to key in so that the
finally report after test more detail and it also b€
a guide for rcference- The setting relay only is
s€t by using test set Omicron CMC256. At PMU
SSPT, the seting device cannot be set because

using test set Sverker 608E.

C. OPERATING TIME CALCULATION

Operating Time, t operating = t cuwe x TMS

0.14
t curve = 

-
tz-l

Usually most ofcases use ofthe standard
inverse, Sl curve proves salisfactory.

Time Multiplier Setting (TMS) \r,erc b€ setup in
the relay depend on the configuration

Trble 2: The Timing Test for Re4 Yellow, Blue Phase

Table 2 shows the rcsult for timing t€st in red, yellow
and blue phase at PMU SGRI. The magnitude current
will be doubled and ripled to show the different
timing test. Current setting is 1.5A. When testing
start, lhe result will show thal timing for minimum
time and maximum time. At minimum time it will be
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Inom tmin tmax

LI t-) txa[t nJa 2.51 s 2.22 s 2.M s

ME nJa 1.58 s 1.43 s 1.74 sLI (-)
t--) m a 2.51 s 2.22 s 2.84 sa

ola 1.58 s 1.43 s l.'74 sL2 (-) sritrt
L3 t-) otm o.la 2.51 s 2.22 s 2.84 s

L3 (-) FiTt ola 1.58 s 1.43 s 1.74 s
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t nom f aet Ove
rloa
d

ResultRelati
ve To

Fact
0l

t-) .rixn 2.51 s 2.59 s No Passed

FTIEI 1.58 s L63 s No Passedl-)
PassedL2 :-) rxtll 2.51 s 2.57 s No

Ett:t 1.58 s 1.63 s Vo PassedL2 i-)
Vo PassedL3 i-) nrtrt Z.5l s 2.61 s

t-) mu! 1.58 s 1.64 s No PassedL3
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display I and show the LED and at maximum time it
will display 2 adLED trip will be tum on and relay
will trip.

Tabl€ 3: Thc Pickw Tining for Red, Yellow, Blue Phase

Table 3 shows that the pickup timing will be tested
using secondary test set Omicron CMC256. The
magnitudes current were being double and triple for
red yellow and blue. This testing shows that the
pickup timing for pickup current. Th€n the pickup
timing will be come out to show that timing for drop
off current. For the example, the pickup current to be

trip the alarm is 3.324 for double magnitude. Then
the relay will show the trip alarm. So the curent will
be &op offto se€ thal \rhat time come out to turn off
the trip alann at the relay. That what the test set have
be done for this Table 3.

characteristics of the electromechanical relays [9].
Sincp the standard curves proyidd cover most cases

with adequate tripping times, and most equipment is
designed with standard pmtection curves in min4 rhe
need to utilize this form of protection is relatively
rare. Each test must b€ more detail to avoid tripping
in any busbar or system. The test set OMICRON 256
also tell that the result whether is passed or failed.
When the result is faile4 the relay setting
configuration must be check one by one. Make sure
thc scfting rclay must bc following the configuration
&om the Engineering D€parfilenl

Figure 9: vector view for Rcd Phas€

P v..t- u*,, o".'."rr.nt TESING E :3
Silpd

v Lt+ 0.000 v -120.00' 0000v 0000v
v L2-€ 0.000 v -120.00' 0000v 0.000 v
v ul-€ 0.000v -120_00' 0.000 v 0.000 v
tLl 2250 a 0.00 . 2.250 A 0.0004
t\2 ,a 5o0 A -1ao.oo' -4.500A -0.000a
tL3 2.250 A 0.oo ' 2.2-\O A 0.000A

L2

Figure I 0: Vector view for Blue Phase
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Fi$re 8: Characterisics for Red, Yellow ed Blue Ph&se

So all the result have a characteristic and show that
the result is passed and relay are good condition
shown as Figure 8. Operating equations and
allowances are provided in the standard.
Electromechanical inverss.time overcurrent relay
resst ch{actcristics re defined in the event that
designers of microprocessor based relays and
computer relays want to match the rcset

t=r ll&
Tt,-.or-'y...---.--.-----

v Ll-€ o.o0o v0.0c0 v 0.00 ' OOIx)V
V L:I,E ooo' 0.000 v o.ooo v0.000v
v L3{ ooo' o.ooo v o.ooo v0 01,0 v
I L.l 22SOA-60 o0 '
tul 2 2a1O 

^
120 0o'

tL3 2.250 A 120 o0'
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B v..t". Vior, O"*."rrent TESTr'16

Si9nrl ifignitud hl.Ein ry
v L.!.E 0000v '120.00' 0.000v 0.000 v
v L2+ 0.00, v 120 00' 0000v 00!0v
v L3.E 0.000 v 120.00' 0.000 v 0.000 v
I L! ?.210 A -120-00' -l.t25a -1.9rr9A
tL2 Z25O A -120.00' -r -r25 A -1.949A
rL3 rt.500a 5!00' 2250A 3.697 A

lL3

t.

Figure I l: Vect6 view for Yellow Phase

Figue 9, 10 and ll show that the point ofview for
red yellow and blue phase. So each phase have

ditferent phase directional characteristic.

B. TESTING at PMU ST]NGAI SIPUT

Tablc 4: Table Overcun€nt Eath Fault Pic*up Test

Phas€ Setting
(A)

Actual
(A)

EIror
(n

Overcurent
Red 1.0 t.07 7_0

Yellow 1.0 L06 6.0
Blue 1.0 1.07 7.0

Table 4 showsthe result for picktp current test in
phase fault. The sering current relay in eact phe is

I:1.0 A. Then rhe testing electrical devices will
begin. The prpose of testing is to see the pickup

current where the pickup current will make the relay

trip and show the alarm. Then the current pickup will
conpare with setting current to calculate the percent

error. The condition relays aocept as truc whcn thc

percent error is below then lOplo. For the example

when actual cunrnt red phase is 1.07A where the

actual currents make relay trip, then the result is
passed because the percent erlor is 7.ff/o not more

than lvlo. So the conclusions the value pickup

current cannot bc too far fiom the current seEing,

Table 5 shows that the results the timing test for the
pickup current. The relay will be test 2xcurrent
setting and 3xcurrent setting to get different timing
test. The exp€cted timing test were be calculated by
formulae and actuat timing will be get from the test
set. So the value cannot be tco far from the expected.

Table 5: Tablc Overcunert Eanh Faxh Timing Tesr

curTen (A)

t

ti!tre (S)

Phas€ Test t (A) T nom T act Error

(Y")

Red 2xls 2.0 3.5t0 3-800 0.88

3"Is 3.0 2.2M 2.460 t.04

Yellow 2'ls 2_O 3.510 3.772 0.88

3"ls 3.0 2.206 2.300 0.95

Blue 2xls 2.0 3.510 3.900 t.t7

3xIs 3.0 2_206 2.400 l.t3

When using test set Sverker 608E to testing the relay
type GEC MEASUREMENT, lhe output result
cannot be detail compare with another lest set such as

Omicron CMC256. Sverter 608E is the old one
maybe used in early days (80's-90's). This test set

using extemal Timer TM200 and Muftimeter to get

timing test atrd pickup current.



C. CONCLUSIONS

Overcurr€nt r€lays for transmission line
protection testing and analysis has been
demonsfated using test set and actual situation.
The testing for overall has been successfully
dernonstated. This relay is used as lhe Fote€tion
because it can extend backup protection
coverage and the characteristic dre overcrrr€nt to
avoid thermaVdynamic cons€quences of
prolonged short-circuit current to prctect€d
equipment-

Botb type of relay such as SPAJ lrl()C and
GEC MEASUREMENT actually have same
goals that is opcr*ive by measuring thc fauh
currcnt in the power system and rrips
instantaneously or delayed according to a
specific time characteristic. When testing the
relay, determining relay settings, or analyzing
event rcports, some conccpt of how the relay
determines direction to a fault will be needed.
The purposc of protcction is to monitor for
rmwanted conditions and when such conditions
arise to remove the fault condition in the shortesl
time possible whilst leaving unaffecied areas
operational. The design of the system must have
a high level of semitivity to fault conditions
whilst remaining operational during non-fault
conditions.

During festing each dala and resuh must be
passed so tha the elecrical devices such as
overcurr€nt relay will opemle to protect the
syst€m. The testing will ensure the protective
device is in good condition or not.

For the futul€, this project can improve by
comparing the testing result from the actuat
si$ation and maybe using software PSCAD to
simulate tte result. This also can be improving to
detemine the advantage and disadvantage using
both ways. The best ways will be used in ftture
to make sure lhe transmission line system will be
protec'ted Aom the frulr-
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