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ABSTRACT

The present Work aims at development of a -percentage blased' _
harrnomc restramed dlfferentlal protectlon usmg PC for a smgle |
phase power ‘transforjmer. | | |

" The pr(")tectiue S'chem.e,: differ‘ential. prOtection of power
_ ‘tra‘_nsformers consists in cohvertlné the prlmary and lsecond’a’ry line
currents to a common base usin-g' ‘appropriat'_ely -connected CTs of .
-Suitable ratios- and co_mparing these currents. D_urlng. n'ormel“‘_
op.erating conditions the' difference betu'/eenﬂthese currents is small
resultmg ﬁom normal magnetlzmg current and small CT errors.
._Thls dlfference durmg external faults can be qulte large because of
Aa d1fference m the dynam1c behaviours of CTs on the two sides of |
‘the transformer».- On the contrary, durmg a Wrndmg (rnternal) fault,
“the difference current may not be very larée.' If only a srnall portion-'j

of the winding is. short circuited.

In the protectlve Scheme followed here the presence of large

L second harmonic 1n the operating current whlch 1s the dlfference )



. v"between pr-i‘m—ary :and seCOndary cnirent has been:chosen to indicate
:”the presence of magnetlzlng mrush COIldlthIll Durlng over exc1tatlon
condltlon it has been observed that th1rd and ﬁfth harmonlcs
predommate Here ﬁfth harmomc has been chosen to 1nd1cate the '
condltlon of over excitation. Whenever second harmomc or ﬁfth :
harmonic content of the operatmg current is éreater than a fixed
. percentage of fundamental of the operatmg current the re]ay is
restramed from 1ssu1ng trip s1gna1 to the circuit breaker
In this schenme ‘ﬁtter out secdnd and ﬁfth harmom'c are ﬁltered
'out w1th the hardware ﬁlter These harmomc fed to the computerk
through ADDA 14 Card for ta.kmg dec1s1on to elther issue tr1p :
signal or issue. magnetlzmg condltlon or over exc1tat10n condition -

dependmg upon the magnltude of harmomc
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~ INTRODUCTION -

_ | Transformers are everyvvhere in all parts of the povver system between:—':
all voltage levels ‘and ex1st1ng in many dlfferent sizes,. types and
connections. Usually, circuit breakers or other d1sconnect10n means are
avallable at or near the wmdmg termmals of the transformer ban.ks
' ,However economlcs sometlmes omission of a breaker Thus transformer?
| banks can be dlrectly to a bus lme or generator The latter is the unlt

‘generator arrangement. ' | |

Rehable operatlon of power transformers has became more 1mportant.-
w1th the advent of EHV and UHV transm1ss1on The abnormahtles occurring
m power transformers can be spht up mto two. categones the ﬁrst covering
A wmdmg short c1rcu1ts Where h1gh speed trlppmg is essentlal while the
»second covers the core tank and coolmg systems faults and extemally_
Jmeosed abnormaht1es such as overloads Where delayed tnppmg is

{sufﬁcwnt | | |
ngh rehablhty relays for transmlssmn 11ne protectlon that can
| _ operate in a quarter cycle (Sms) or less have already been developed
usmg travellmg wave phenomenon The same is not true for generators‘ ‘
,and transformers whlch can be grouped together because both reqmre“"

_umt protectlon Schemes



TYPES OF FAULTS: :
- The varled charactenstlcs of the power transformer have tended to |
become more comphcated in recent years. It is thus worthwhlle to review

the different_'typ'es of faults generally encountered by a transformer.

N 1.‘ Through Faults :

These can be subdlvrded into overload condltlons and external Short
C1rcu1t condltlons the transformer must be dlsconnected when such faults
'joccur only after allowing a predetermmed time durmg Whlch other
protective gear should have operated. A sustained overload condi'tion can
be detected by thermal relays which g1ve an alarm so that the s1tuat10n can .
be attended to or the supply dlsconnected 1f necessary For the extemal
short-cn‘cult (bus-bar short clrcmt on the main Supply network) time graded
over current relays or fuses are usually employed. Proper co-ordm_atlon .
of this balckup‘ transformer protection should be made w1th the primary
* protection of the associated power ‘supfpl'y network. The primary protective
scheme \aslsociated with transformer itself. however should be made so

- that the protective gear does not operate under such conditions.

2. | Internal :l'aults :

The primary protection of a power transformer is intended for '



condltrons whlch anse as a result of faults 1n51de the protected zone.
Internal faults are very serious and there is always the nsk of ﬁre these .

mternal fault.s__ can be Aclas51ﬁed into two‘ groups._r

Group (a)

Electncal faults whlch cause unmedlate. senous damage but are
. generally detectable by unbalance of current or voltage such as: |

-' (i) , Phase-earth fault or phase-phase fault on the H \Y and L. v external

| _termmals L ‘_ o I | |

-.(ii) Phase-earth faults or. phase-phase fault on H V and L V wmdmgs

.'(iii)h‘ _Short-c1rcu1t between tums of H. V and L V wmdmgs '

@iv) Earth fault ona tertlary w1ndmg or short c1rcu1t between turns of a‘.:

tertlary wmdmg

Group (b)
So called mclplent' faults wh1ch are uutlally mJnor faults causrng
slowly developmg ‘damage. These are not detectable at the wmdmg‘_ |

terminals by unbalance they mclude

G A poor electrrcal connectlon of conductors or a core fault (due to

break down of the msulatlon of lammatlon bolts or dampmg rmgs){ e

whlch cause lmuted arcrng under the 011



(i) Coolant failure which will cause a rise of temperature even for full
ioad operati_on. | | | T
(iii) ReIated‘to (ii.) 1s the possibiiity of low oil content or clogged oil
' flow, whlch can readily cause local hot-spots on w1nd1ngs
(iv) Regulator faults and bad load-shanng between transformers in parallel
which can cause overheatmg due to c1rcu1at1ng currents.

| oenerany, for groups (a) it is important that the faulted equipment
should be 1solated as qulckly as poss1b1e after the fault has occurred not
only to limit the damage to the equrpment but also to minimize the length
- of time that the system voltage is. depressed A prolonged penod of low
voltage may result in loss of synchromsm between rotatmg machmes and,
if this occurs the exccessive current drawn by an out of step machme may
- well cause other relays to operate and initiate sequential and false tripping.
The fault of group (b) t_hough:-not serious in their rncipient stage may
i cause major ‘faults i'n:the course'of,time,.and should thus be cleared as -
' soon as possihle. | | | |
Differential protection, where ‘appiicable provides the best overall
protectlon for both phase and ground faults, except n ungrounded systems
or where the fault current is lunlted by hlgh-nnpedance groundmg In
these latter low-ground-fault current systems dlfferentlal prov1des only

phase—fault protectlon



Generally, d1fferent1a1 protectlon 1s apphed to transformer banks of _- _
1 MVA and above The key is’ the lmportance of the transformer in the N

‘system, so- dlfferentlal protectlon may be: desuable for smaller units m _

»_'some -cases.

LITERATURE SURVEY :.

.- Pércentaée different_ial relays for the protection of transformers were
reported a-si early as 1931, by R.E Cord_ray Harmonic restraint :to prevent -
false tripping due to magnetizing inrush current was introduced .soon after
by Kennedy et. al , [13] in. 1938 A relay mcorporatmg these features and: |
' Wlth a clalmed tnppmg tlme of around 20 ms after the occurrence of a
fault was reported by hayword in 1941 Followlng thrs several other
'_.schemes usmg analog components Were added to the hterature on this
| SubJect, ‘until Rockfeller came out w1th his landmark paper in - 1969
dlSC]lSSlllg the use- of dlgltal computer for amongst Vanous other thmgs
- transformer protectlon Th1s was. followed by another paper in 1972 by
Sykes et al. [3]. Proposmg a concrete scheme Whmh could be unplemented
' 'dlgltally glvmg snnulatlon results to evaluate its performance Thrs scheme
used: harmomc restramt to aV01d tr1pp1ng due to the magnetrzmg 1nrush ‘
: current and used analog response ﬁlters to separate harmomcs |
: Thrs resulted in slow operatmg and carned w1th 1t all the drawbacks- _

 of the analog ﬁlters mumcked by it. In 1975 Emvall et. al [5] enlarged



;upon the estabhshed harmomc restraint d1fferent1a1 rela;r of concepts to
: provrde a new statrc multlple-wmdmg transformer d1fferent1a1 relay The .

- resultmg deSIgn included smphﬂcatron of the frequency selectlve clrcults
_ and new techniques for rapidly determrmng the harmomc content of the
applied currents. The relay was shown to have improved sensitivity and to
- be responsive to internal transformer winding faults inrless than two cycles
arld to the.‘r_n’ore sevé_ré type of fault in less than one cycle. Full security
against mrush currents and over excitation as well as to- external faults
was achieved. A ‘

‘Later attempts used digital ﬁltering techniques as they emerged for-
yarious purposes like ‘digitai signat-proeessing, image processing etc. In
-1976“ Malik et.al.[2] propos_e,d\ the use of Fourier teehniques for ﬁltermg
response. In 1982 Thrope et.al. 114] presented an algorition for digital

“ protection of a three phase three-winding -power transformer. Simple
: recursive! expression were given for the harrhonics using’ a samplirrg rate
of 12 times a cycle. The algorlthm was successfully tested on data obtalned‘
from a model transformer | |

In 1990 Verma et. al. [6] reported the development of a comprehehsive

. relaying “scheme for power transformer 'protectioﬂ wherein orre 8-bit
| INicroprocessor performs all hlgh speed relaymg functlons and another

snmlar processor provrdes all tlme-lag relaylng functlon The hlgh speed &



relaymg- functlons mclude rnrush—restralned b1ased dlfferentlal and
restrlcted earth-fault protectlon whlle the tlme-lag relaymg 1ncludes over _
curfent backup, overﬂuxmg, overload tank leakage and stand by earth
. "lfault protectxon The relay logrc is based on current wave- shape rather
“than harmomc analysrs - | |
- A paper. in 1991 by Benmouyal [7] reports the desrgn of a d1fferent1a1

and V/f relay for step-up transformers The mstantaneous values of theA
‘quantltles sought are acqulred at a. rate of 12 samples per cycle and are
' processed by means of dlscrete fourler transform algonthm to obtam
fundamental frequency phasors An -adaptive: samplmg rate - generator __
~ comblned ‘with. full cycle dlscrete founer transform has been used to'
provide a samplmg rate that wiil follow the speed of alternators such that:
. whatever speed reached by the machmes the number of samples per cycle
would be 12. In 1992 Sidhu-et.al. [15] descnbed the des1gn, nnplementatlon \
and testmg of m,lcroprocessor base relays for protectmg smgle phase and'
‘ -:three phase power ' transformers The relays do not use harmomc
components of the dlfferentlal currents ‘to block operatlon during
magnetizing inrush. Instead they used a non-hnear model of the transfonnerf
to venfy the health of the transformer The non-lmear 'model used
electromagnetlc equatlons of a transformers These are dlfferentlal

' equatlons thch express voltage as functlons of current mutual ﬂux



k : lmkages and other transformer parameters These equatlon are. valid durmg

_magnetlzmg 1nruch normal operatmg condltlons and external faults
However, during faults in the transformers protectlon zone, these equations
do not valid hold. The algorlthm used this feature for detectlng mtemal

faults.

Measurement of transformer inrush currents offer' lmportant data

for a power system operatlon and protectlon In 1993 Lin et.al. [17]
‘proposed a srmple method to snnulated the magnetlzmg mrush currents
‘_usmg real tlme measurements The proposed methods formulates a.
.s1mp11fied model to represent the inrush current under different loading

. condltlons A drgltal simulation method was proposed using a PC-AT

- m1crocomputer Transformer operatlng COIldltIOIl mcludmg transformer

loadmg power factors, sw1tch1ng - on angles and remnant ﬂux are also
'included. “The simulation .results were found to be in agreement vl/ith
experimental .results |

In 1995 Verma proposed an adaptwe digital dlfferentlal protectwn :
scheme for transformer implementable on a mlcroprocessor for |
differential protectlon of a transformer. The transformer is continuously
momtored to demde its condltlon and operating tap. In the event of an
‘ abnormal operatlon the fundamental frequency and harmonlc components

of the dlffercntlal current are used to 1dent1fy the nature of abnormahty



and accordmgly an mdlcatlon is grven and tnp de01s1on is taken The value
" of percentage blas to detect mternal faults 1S: chosen dynarmcally takmg .

1nto account the actual CT mlsmatch for the operatmg tap along w1th the

o CT errors The re]ay Scheme has been evaluated through 51mu1atron On

- mternal faults it is found to have better sens1t1v1ty and faster operatron
than a snmlar ﬁxed—blas scheme It does not operate on external fault,
magnetrzmg mrush and over excltatlon condltlons In 1995 Verma proposed
an 1nte111gent d1g1ta1 d1fferent1al relay for transformer protectron wh1ch
is based on the contmuous momtormg of the tap change posrtlon and
correctmg the CT Secondary currents to obtam the true tlme currents

| usmg a precalculated correctlon factor Only a small ﬁxed blas is provrded

to take care of CT errors under in dynamrc condltrons and the relay errors T

In order to avord tnppmg on- magnetrzmg mrush and overexc1tat10n
condltlons second-cum ﬁfth harmomc restramt is used ‘The proposed
relay has the same sens1t1v1ty at all tap settmgs and clear low-level mternal :
faults some of Whmh would remaln uncleared by a fixed blas relay The‘
ﬁlter and relay algorlthms have been desrgned for mrnlmrzmg the
~calculations to facrh_tate their real-time implementation on a
_7 m_icroprocessor. | | » o | ‘
In this dissertation vvork, ﬁrst the differential' current' 1s filtered -

' t,hrough:'hardwvare 'ﬁlte_r by -restrainiﬁg the flmdamental compOnent. Then"



- .processmg is done 1n31de the computer and’ accordmgly tnp srgnal in
1ssued dependmg upon magmtude of second and fifth hannomc component
.‘If percentage of second and fifth harmomc is'less than spemﬁed percentage
and the dlfferennal current greater than the restramed current, a trlp s1gnal
is issued to 1solate the faulted transformer otherwise * alarm signal
_mdlcatmg magnetrzmg inrush condition and overexcrtatlon condition and
relay is restramed from operatmg during extemal fault. B
The present work is orgamsed into six chapters mcludmg the present
one In chapter 2 basic prm01ple of protectlon has been discussed. It has
been pomted out as to why | the percentage basrs feature is 1mportant and
fundamentals of harmomc restramt feature has been mtroduced |
| In Chapter 3, harmomc analysrs has been d1scussed
In chapter-4 hardwar requlrements of protectlve Scheme have been
lald down. Des1gn parameters of current sensors meant for sum &
d1fference of the signal have been given and Analog to d1g1ta1 card: ADDA-
14has been dlscussed C1rcu1t details and Workmg operatlon has also been
 discussed. -
Chapter-S descrlbes the unplementatlon of the proposes protectlcn
scheme and ﬂowcharts have been glVen | |

| Fmally in chapter 6 results have been dlscussed

10



' CHAPTER?2
DIFFERTIAL PROTECTION FUNDAMENTALS

2. 1 PROTECTION OF TRANSFORMERS

| leferentral protectlon is the most common type of protectlon used- -
for mternal phase-phase and phase-earth faults of transformers A
”transformer dlfferentlal relay compares the currents in the wmdmgs of
the transformer through the med1um of current transformers who ratios
are such as to make thelr secondary current normally equal except for

' 'the care magnetlzmg currents of the transformer Whrch are relatlvely

small The polarrty of the current transformer (CT) is such as to make L

the current circulate normally w1thout gomg through the relay, durmg--
load condltlons and external faults, 1 . the relay co1l recelves the Vector
- sum of the denved currents Wh1ch_1s normally zZero. Any/ fault Wlthm

the transformer disturbs the balance and the relay operates.

2.2 THE DIFFERENTIAL PRINCIPLE
.' A dlfferentlal relay responds to vector d1fference between two or
more similar electrlcal quantltles |

Followmg aspects of leferentlal protectlon are -

1
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FIG. 21 BASIC CURRENT DIFFERENTIAL SCHEME ILLUSTRATED FOR Tt
~ PROTECTION. OF A ZONE WITH TWO CIRCUITS . (a)- NORM;

CONDITIONS, I, = 1" = Iy

lg"=1g (v INTERNAL FAULT:

g = Ik I
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1) "l‘he differential relay has at least two actuating ‘quantities ‘_sayf‘I'l,
Iz‘. | . 4 L : . : .
- 2) The two or more actuating quantities should be similar, -,
3) The relay responds to the vector difference between the two ie.

to 'll -1, which includes magnitude and/or phase angle difference.

-lefere‘ntial protection- is generally unit-protection. ‘The pro‘tected ‘
zone'-. is exactly determined by location of CT's. The vector difference
is achieved by suitable connections of current: transformer orl‘voltage
transformer secondaries. |

ThlS fundamental technlque is 1llustrated in F1g 2 1 and for
'srmphclty only two c1rcu1ts to the protectlon zone are shown Multlple _
- circuits may exist but the principle is the some. The Sum of the- currents :
ﬂowmg in essentlally equals the sum of the currents ﬂowmg out durmg
normal operatlon

For normal operatlon. and all external faults ( the through condltlon
' ) the Secondary in fig 2.1 (a) in \ the protectlve relay is the dlfference
in ‘the exc1t1ng currents of the differential connected current
transform'ers ~Per' un‘it currént of the 'distributi‘on is rshown I ;is the
prlmary current m the hnes entermg or leavmg the protected area. I '

'and I"is the secondary ampere currents and is. equal to pnmary current .

13-



B ‘divlded by the -'current transformer ratio_ mmus the secondary etrcitidg |
:current Even wrth exactly the same ratlo and type of current transformer
-'-the relay current I - will be small but never zero. ThlS is be case of
f_ the losses wrthm the protected area’ and small dlfference between the
'same type of CTs “This : assumes that no current transformer mgmﬁcantly
* saturates for the maxrmum symmetrical ac through currents. With
| dif_ferent CTs and ratlo, larger ,d1ffer_ences will exist which must be
: .nrrnimized and /or the pick-up of the relay set not to operate on any
* through fault condition. | |
~For internal faults, fig 2.:1b shows that the differential relay
operating current essentially is the sum of the‘ inpit 'current t"eediitg

_the fault Thi's is. the total fault' current on a secondary ampere basis.

- Except for very light mternal faults, good dlscrlmmatlon is avallable

to detect problems (faults) w1thm the differential zone.

To provrde h1gh sens1t1v1ty to hght mternal faults - with security

- (hrgh restramt) for internal faults, most dlfferentlal relays are of the

percentage differential type. Fig. 2. 2 is a solemmfied schematlc of this
' type o_f relay for two circuits, 'as ‘shown in fig 2.1. The secondaries of
‘ the CTs are COnnected to restraint winding-s (R). a’nd operating winding

(OP) Current . ln operatlng w1nd1ng tends to operate the relay.

o leferentlal relay may- be of elther ﬁxed or variable percentage and

14
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FIG. 22 PERCENTAGE DIFFERENTIAL RELAY : (a) EXTERNAL FAULTS
| | © (1) INTERNAL FAULTS
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Restraint

Operate -
Current

(Iop

) —

,;,ﬂaﬂ A

FIG 2.3 TYPICAL THROUGH CURRENT CHARACTERISTICS OF VAR[OU"‘
DIFFERENTIAL TYPE RELAYJ
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typlcal characterlstlcs are 111ustrated in Fig 2 3. The ordinate is the
current d, ) requn'ed to operate the relay leed percentage relays exrst

between 10 and 50% and may or may to not have taps to change the

- percentage

Thus w1th a 50% charactenstlc and mternal or through current of :
10 A would requlre a diﬂ'erence or operatmg current of 5A or more for
the relay to operate Wlth 10%, and 10A through current, 1A or more
difference current would produce relay operation. |

The variable percentage type do not have percentage taps. At low
through currents is. low ‘since at these levelsl the current transformer
Iperformance is usually quite good At h1gh through—fault currents ‘where |
the CT performance may not be as good a hrgh percentage charactenstlc
is provided. This gives 1n_creased sens1_t1mty with higher security.

It is important to recognjze that‘ characteristics such as those shown
in Fig, 2.3 appl‘y. only for eirte_riial lfaults or through current flow.
Differential relays are .qu’ite Sensitiye “t'o internal faults'vvrhere 'the
currents in the restraint wmdings are in opp031te directions Or one
restraint current is zero as in fig 2.2. These relays are calibrated Wlth
‘current through cne restraint and the operating winding with no current
through the other restraint (s) Typlcal p1ckup currents for dlfferential
relays’ are of the order of 0 14 to 3 0 A dependmg on the type tap and -

application.

‘16



e— Exciting Current to
provide required flux

flux wave
“4— required with
no residual flux
in transformer
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flux wave @
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where normally
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FIG. 24  MAGNETIZING INRUSH CURRENT PHENOMENON (NO RESIDUAL
INITIALLY IN TRANSFORMER)

!
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2. 3 FACTORS AFFECTING DIFFERENTIAL PROTECTION'

: l. o Magnetlzmg mrush current | | /

2. Different voltage levels. and hence the current transformers are of
dlfferent types ratlos and performance charactenstlcs

3. Phase shifts in wye-delta - connected banks.

4. Transformer taps for voltage control.

5. Phase shift and/or voltage taps in regulating transformers_.

MAGNETIZING INRUSH:
When system voltage is applied to a transforrrier at a time‘ when

“normal. steady-state ﬂux should be at a drfferent value from that existing

in the transformer a current tran81ent occurs known as. magnetlzmg o

inrush 'current. Th1s phenomenon is 111ustrated in F1g 2.4 for a
transformer with no res1dua1 ﬂux In the figure the transformer is
energlzed when the system voltage is zero. With the hlghly reactlve ‘
circuit mvolved the flux ¢ should be or very near negatlve maximum
~ but the. transformer has no flux. Thus the flux must start at zero and
“_reach a value'of 2¢ in the first cycle vperiod_.

Td provide this flux, requires- a large exciting'current Tr'ansforrners
‘are normally operated near saturatlon for best efficrency, SO value of

vﬂux greater than normal result in severe saturatlon and a large excrtmg :

18



{a) o Inrush Current

{b)

FIG. EJ TYPICAL MAGNETIZING INRUSH CURRENT TO TRANSFORMERS '
(a) A - PHASE CURRENT TO WYE ~ CONNECTED WINDINGS
() A - PHASE CURRENT TO DELTA CONNECTED WINDINGS.
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current. i |
If a transformer has been energrzed prewously, there' is a high'
poss1b111ty that upon deenergizatlon some flux ¢R, was left in'the iron.
Thrs could be posrtlve or negative If pos1t1ve then earher energlzatlon
results in a 24 + 4R, higher maximum magnetizing mrush current If
negative then the maximum requlred‘ﬂux would be 2¢ - ¢R with less
inrush current. : |
'JI;his'is a random :phenomenoil. If the transformer had been
encrgized at or near maxhum positive ,yoltage,_the flux re'quirement at
. that time is zero” Thus normalexciting ‘current flow With negligible or
. no transrent mrush Normal excrtlng currént for power transformers .‘
are of the order of 2 to 5% of full- load current | |
The maximum initial magnetizmg’current may be as‘hi'gh as 8 to
3‘0 times fu‘ll-load current. Resistance in the supply circuit and '
transformer and the stray losses in the transformer reduce the peaks of
the: 1nrush current SO that eventually it decays to the normal exc1t1ng.
current value. The time constant varies from around 10 cycles to- as
- long as 1 minute'in very high inductive circuits |
: The factors mvolved in the mrush 1in addition to the time point of
energlzatlon with relatlon to the ﬂux requirements are the 51ze of the }

' transformer the 31ze and nature of the power system source the type g
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"‘;of 1ron in the transformer pl‘lOI‘ hlstory, and the L/R ratlo of the: ‘
'transformer and system
In a three-phase crrcult in- the mrush w1ll always occur in one or

two and generally all’ three phases w1th the voltages 120° apart_

although it may or‘may not be-mammum ‘'Or zero in one of the phases. _

RECOVERY MAGNETIZING INRUSH
Durmg a fault or momentary d1p in voltage an mrush may occur
when the voltage retums to normal ThlS i$ called the recovery mrush

The worst case is a sohd three-phase external fault near the transformer

S bank:: During the fault the voltage is reduced and nearly to zero on the

" bank; then when the fault is cleared ‘the voltage suddenly returns to
essentlally normal value. Th1s may produce a magnetlzmg mrush but
it maxrmum will not be as hlgh as the initial since the transformer is

partlally energized. ' -

SYMPATHETIC MAGNETIZING INRUSH :

A magneti‘zing‘ inrush can occur in an enc‘rgized't‘ransformer When
a nearby transformer is encrglaed A common case 1s parallehng a
second transformer _bank w1th a bank already in- operatlon The dc

Ecomponent of the mrush current: can also saturate the cnerglzed
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;tran'sformers, Vi-resulting'lini an apparent mrush curr_ent. This transient
" current, vvhen' added to the mrush current ofv;t_he bank bei'ng':energiz'ed, ‘
providesf an offs'et‘ symmetrical ' total current that ‘is very low in
harmonics. This would be the current ﬂowmg in the supply 01rcu1t to
both transformer banks

LARGE INRUSH CURRENTS IN POWER TRAN SFORMERS°
WITH LOW-LOSS STEEL CORES ‘

‘There is a tendency in transformer des1gn towards the use of cold
rolled steels for cores m which the hysteresis loss per cycle is much
smaller than with hot rolled steels Allowing the some core losses the
normal Workmg flux dens1ty in cold—rolled steels can be made hlgher .4
than in the earher types.- The attainment of the these advantages have

been accompanied by an increases of the m1t1al transient magnetlzmg

- current.

CURRENT TRANSFORMER CHARACTERISTICS

Unless saturatlon is av01ded the difference in C.T.. charactenstlcs
due to different ratios bemg required in c1rcu1ts of dlfferent voltage '
may cause apprecmble dlfference in the respectlve secondary currents
whenever through faults occur even through these currents are of equal '

value at normal load ThlS is partlcularly troublesome when dlfferent
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'types of current transformers are used as 1sl frequently the case in
-‘transformer protectlon ‘_ - | o B
. Unequal length of current transformer secondary leads my well
"»cause a dlfference -in VA burden between the two sets of. CTs thls
: generally tends to grve a ratlo error between the -two sets of current

transformers.

“RATIO CHANGE AS A RESULT OF -CrIANGE OF TAPPING:

Nearly all large modem power transformers are equlpped w1th on
load ratio change gear As the transformer ratlo is changed the ratio
between the pnmary srde and secondary s1de current transformers can
be made to match at one pomt only of the tap-changmg range At other |
points an unbalance current wrll flow in the dlfferentlal relay, the effect

of which requlres b1ased relays for 1ts control

- 2.4 TRANSFORN[ER DIFFERENTIAL RELAY CHARACTERISTICS
' | The bas1c pr1nc1p1es of dlfferentlal relays and protectlon were
'-outlmes n above paragraphs For appl1cat10ns to transformers the |
;_dlfferentlal relays are less sensmve “and w1th typlcal percentage“
.'charactenstlcs between 20% and 60% Th1s prov1des accommodatlon ‘

'for the dlfferent CT ratros types and charactenstrcs, dlfferent pnmary 3
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) current‘energrzatron levels and for: transfonncrs tat)s where they ex1st
To avord des1red operatlon on: the magnetrzmg mrush current the
--,relays may (1) be de51gned w1th reduced sensmwty to the transrent
'1nrush current (2) use the harmomcs of the inrush current to prevent |
"operatlon or (3) desensrtrze operatlon momentarlly durlng the
energ1zat10n time. | ‘ " | -

For smaller transformer banks Y partlcularly in-the: lower-voltage
: -sub transmrssmn and dlstrlbutlon systems the electromechanrcal“'
_1nduct10n disk transformer differential relays w1th typlcally 50%‘
charactenstlcs and operatmg time about 0 08 to 0.10 s (four to five“‘
: cycle in a 50 Hz system) are used w1th good 1mmun1ty to mrush
Generally m‘ these ar_easv the, 1nrush,).\1s not ‘_too,:_server -and there is
suﬂ'rcient resistance in the-::system to damp the transient rapidly 'Also’
the mductlon dlSk unit does not operate on dc. The advantage is the
- relatlve snnple rugged des1gn and low cost. However it is not possrble
to. assure that the relay w1ll never. operate on 1nrush although
| experlence can ‘show it to be qu1te immune. Someone has observed that
’_thls;type of relay'"hasflong .and env1ab1e record” of good performance,
whrch account‘for ‘its continued ‘use . ‘

For larger banks banks in the hlgher-voltage and/or where 1t is

fimportant to assure no operatron on- 1nrush harmomc restramed‘ “
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d1fferent1al relays should be used. For faults the harmomcs are»of very -
low values SO the "handle of harmomcs prov1des are an effectlve
means to dlstmgu1sh the inrush current from fault currents. The second |
harmonic, whlch is a ma_]or component in the mruch wave is used to
restain or prevent relay operatlon. In some designs it is used alone,' in
other in combination with the other harmonics. " |
Momentary desensmzmg or disconnecting dlfferentlal relays is

not recommended as 1t limits protection. It is. used occas1onally to
solve a problem until a more satlsfactory solution can be effected. A
shp contact on the breaker control sw1tch can msert a resrstor in the
. operation 0011 circuit to desensmze the relay or momentarlly short the
.operatmg coil ‘while break is: bemg closed A hlgh-set mstantaneous :
tr1p umt can be used to operate for a heavy current mtemal fault

occuring .on energlzatlon.

2.5° HARMONIC RESTRAINTS :

‘By ‘for the most cornmon technique used for preventing false tnps
during energlzatlon is the use of a 'harmonic- restramt' relay. The fact -
that an inrush current is ncher in harmomcs than a fault current is key
to the design of a h_armon_rc restrarnt function. ,‘j"

The~hannon10'bontejnt of the inrush ';curren::t depends upon ‘many -

26



-factors re51dual.'magnetlzat10n of the core and mstant of sw1tch1ng are
two of the more nnportant factors There are . other phenomena whlch
also contnbute to the harmomc to. the hamromcs and thelr effect on
'the behav10ur of t.he harmonlc restralnt functlon must also be consrdered
'»_Three major sources of harmomcs are as follows - : . .

() Magnetrzmg 1nrush due to non- lmearltles of transformer core..

» (ii) - Saturation of. currenth transformers; |

(iii) Over. excitation of the tran'sforiners.due to a dyrlamic oVer:vo'ltag--_e

. condition. 7 - - . . e

The harmomc restramt. functlon should be SO deSIgned that it ' f
restramts dunng the magnetlzmg mrush and over exmtatron condltrons .
" while during an internal faults the har_momcs gener_ated by.a saturated
- CT should not restram the dlfferentlal relay B N |
The inrush to a three-phase transformer is more complex than _]llSt E
- the sum of three md1v1dua1 transformer inrushes. In partlcular a delta
connectlon e1ther of the main transformers or of the. CTs w111 result m‘
‘a less favourable ratlo of 2nd harmonlc current to fundamental in at
least one of the phases Th1s 1S because wye- delta transformers cause
dlfferent relatlve phase shlfts to three-phase smgle—phase and' the‘ |

harmomcs currents Smce these are all complexmes stemmmg from



the th'ree-phase _environment; it is 'logicallto resol've them with a three; .-
phase analysis' The energizing:finrush dependsi.: sigDiﬁCantly upon the
: res1dual magnetlzatlon in the transformer core o |

The harmonic restraint feature may result in the fallure of the'
relay to’ operate ona heavy internal fault if considerable harmonics are
present. These harmonics may be present in the fault current itself due
'to an‘ are and pro_du_ce harmonic. -Also if a fault exists at the time a
f‘transformer ris .,energized,"harmonl‘cs ‘in the nagnetizing current -may
‘ prevent it from tripping. For this purpose it is eustomary to proﬁdetan
instantiations ‘over current relay' in the differential circuit which is set

_above the max1mum inrush current but w111 operate within one cycle

.. on mternal faults In thlS way fast tripping is. assured for all mtemal

faults.

2.6 ‘Methods' ()f Minimising Inrush Current

Although no commercral means have become avarlable for: the
suppressron of magnetlsmg currents in a transformer the followmg-
methods have been proposed; :
. a) Re"sis't'ancevEnergAis-ation -
A series resistancevis inserted is the .energislng circuit by the first

step of a two. stef)‘switch and it‘iiS";})'roporti,oned s0 that,f when the first’
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: contact closes only about one half of the c1rcu1t voltage w1ll be 1mpressed_ :
on the transformer Smce the voltage 1s ralsed 1n steps the trans1ent ﬂux
swing can be arranged so as not to exceed the steady state normal value
' iThlS method requlres a very large value of series reSIStance and 1t is
'. capable of reducmg the sw1tch1ng surges 1t but it falls to cater for the'
sultatlon of inrush cu’rrents accompanymé _the recovery voltage, e.g. after‘
an external __»faul‘t close to. the transforrner has.-ibeen cleared. -
b) Capacitance" for reducing “residua]-f-,magnet_isi“n‘ -
A capacitance is» -cbnne'éte’dfin parallel Wlthfthe transforrner so that, .

when the - transformer is d1sconnected from the supply, the damped- -

oscﬂlatlon n the turned c1rcu1t SO formed eventually ellmmates any res1dua1f

. '-magnetlsm This method has not very effectlve in reducmg the peak value »‘
1 of magneusmg mrushes r

ThlS ‘may be due to the fact that modem transformers using unproved
sﬂlcon steel: and normally working nearly at saturatlon ﬂux density may
in some cases, »retalnv considerable residual magnetlsm after de- i
energisaﬁon. When re-energised thes‘e transformers'will tend to. draw
' 1nrush currents whlch in early cycles -may cover the penod of nearly a

complete voltage cycle This type of 1nrush current Wlll contam a h1gh -

percentage of d c.: component but less second harmomc component thus
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any relay which depended for its restraint relay on the sécond harmonic
cbmp_oneht of trahéformer magrietisihg inrush current would encounter
difficulties. Since the inrush current exists only on the source side of the
transformer, the im":ush" currentl will appear in the differential circuit and
operate 'ithe relay. The amplitudeé of harmonics, compared with fhe
fundaméntal (‘100%) are as follows :

1) The d.c. component varies between 40% and 60%.

2) Thé second harmonic between 30% and 70%.

3) The third harmonic between 10% and 30%.

The other harmonic are progressively less.
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| Chap ter-3" '

* Harmonic. Analysis |

;3 1 Hardware Flltermg -

Large second harmonic content of operating current is md1cat10n of

magnetlsmg mrush condition while- ﬂfth harmomc content is 1nd1cat10n of

.. OVer excltatlon condltlons . due to’ these harnom1c content maloperatlon ’

of relays takes place which operate relay for through faulf, We use analog
filters to.obtain trlp and restraint. s1gna1s wuh dlfferent harmomc content.

After ﬁltenng harmomcs means block the flmdamental component and
,-pass all hlgher frequenc1es component then to perform the relaymg o
.j,flmctlon based on the harmomc content of the s1gnal : ’

1 Harmomc speclrums 'have 'also been obtamed expenmentally with
| the help of FFT analyser facrllty of the storage oscﬂloscope The waveforms'
of transformer prlmary and secondary current are recorded i in each case

and the1r hardware FFT specturms are obtamed and pnnted through the N

L ‘-mtegral plotter of the oscllloscope

3. 2 Dlgltal Storage Oscnlloscope -”4 |
| The Gould 1604 dlgltal storage osc1lloscopes have been de51gned to

‘ prov1de a versatlle range of 1nstruments for use- m a w1de range of

: apphcatrons.
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The 1604 can operate 1n storage or non- lstorage made as requlred ‘
and includes all the features expected of an advanced modern oscllioscope _
at the same time: retalmng user fnendlmess For the first tlme user
obtammg a trace is espe01ally s1mple _]ust connect the SIgnal and press the
auto setup button. _The 1604 does the rest. Having obtained a trace, three
readily accessihle cursors make it easy to take automatic time and voltage
measurements directly from the display. The innovative use of five position
.pdaddle _'controls‘ instead of dials -makes preclse control of the inst'rument
possible, the _digital read out on the display consta_ntly shoyving the current
status where appropriate. - |

More advanced features of the 1604 mclude a comprehens1ve system
' of many controlled functlons o | L -‘

' Another many controlled feature of the 1604 is it memory ‘Two

complete traces can be stored for future use, and four complete front

panel control setups. With the opt10na1 battery backup fac111ty These can
| be retained even when the 1604 is switched off.

The 1604 comes complete with senal—channel and four—parallel
channel analogue outputs for use w1th external plotters as standard. Optronal
extras include GPIB (IEEE 485) & RS 423 1nput/output ports for enternal
'» control by a host computer and Gould waveform processors to prowde

enchanced measurement and trace processmg
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| 3 3 Wave form processor type 260

The 260 waveform processor adds a range of functlon to the 1604 ":-‘_ -

series Wthh mcreases the power of the mstrument m tenns of both capture

k -and post storage analysm and measurement functlons The waveform :

' .processor can perform founer transform on any trace captured by the_ .

:T11604

| Pressmg‘ 'FFT Menu ('F' followed by FFT) d1sp1ays the optmns .
ssoc1ated w1th the FFT. ST | ’
' ; Wmdow*' Rectangular Hanning W1
Points © 1024 512 256 Cursor .2
-Result To |
' CHl CH2 CH3 CH4 REF 1 REF2 3
Honz Scale: Lmear Log 4
-Vert Scale : Lmear Log ....... 5
Hz measurement : Harmomc Rel....6
"Fourler Transform MENU" |
“The number of pomts analysed by the FFT is selected from th1s4
menu. Wlth 1024 512 or 256 pomts the F FT will use every pomt every
| 2nd- pomt and every 4th pomt of the source trace respectlvely The FFT.'
‘- ‘will calculate the frequency specturm faster when usmg the smaller number;

: of pomts
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CHAPTER 4
HARDWARE DEVELOPNIENT

| 4,1 | bEsloN REQUIREMENTS:-
. The followhrg‘design r_equirern'ents: for the relay were identified.
1. The relay 'should be suitable for use on any traneformers irrespective
of the1r capaclty and voltage ratings. ) -
2. Prov1s10ns should be made to isolate and protect the relay hardware
- for power system transients, A 4
3. The hardwareshould be modular permitting replacement of a faulty
) | module in the event of a fallure ‘ ._ )
. 4. Therelay should mclude a man-machme mterface (MMI) for modl-l

fymg the software and for changmg relay settmg

4.2 DESIGN OF RELAY HARDWARE:-

The relay hardware was des1gned keeplng in mind the requlrements
out lined in the previous sectlon As shown in fig 4 through two current
“sensor primary and secondary sides current of three._ phase transformer
: were sensed' then these currents are converted into Voltage by use of
sultable re51stance After convers1on the resultlng voltage 1s fed into -

| ADDA-I4 card for stonng data in PC . |
| As shown in ﬁgure 4 hardware ﬁlter has been des1gned thch blocks

.34



fun&dment_al com’f)oneht and passes all higher harmonics. ‘This filtered
| wave; from is thefl ‘reco'rde.d:i on fhe (_:ompi'lter‘:through ADDA-14~ card.
After calculating harménic percentage, final decision has Been taken de-
pending upon the r;nagnitude: of h.armonic‘ percentage, either to operafe the

-relay or indicate magnetizing inrush or overexcitation conditions.

Specification :
1.  Main Transﬂ:)rmer -

Rating - 1 KVA

- 220 V. |

Primary to secéndary turns ratio - 2:1
2.  Current sensi)r - | |

‘Two. sets of 'curreht ‘sensor

1. Primary-cqfrent rating - 50 A -

primary to secondary turns ratio - 1: 1000

3. Filter -

IC- 741. OP- APM.
C= 1uF |

R= 3'.18'K
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-. 'THE ANALOG TO DIGITAL CONVERTER :
' For analog to’ dlgltal convers1on the data card VPC ADDA 14 was

: used The varlous features of th1s card are as follows

~

1.) . SPECrFICATioNs :

a) 14 bit resolution

b) 16 lnput channels B

c) input voltage 0 to 4 5 for umpolar and - 4. 5 V to + 4. 5V for b1polar
d) | Conversmn time less than 4.2 usec

e) | -relat,ive accuracy +1/2 LSB.

2.) DESCRIPTION : - E
ADDA-14is a highﬂprecision data converterf card having‘ 16 channels
,‘ of analog to d1g1ta1 converter and two channels of digital. to analog con-
verter. The card uses three number of high resolutlon 14 b1t DAC 7614
ch1p whmh is a 14 bit drgltal to analog converter The first cth is used
for A/D conversnon usmg successive approxmlatlon tcchmque In thlS part
of A/D_conversmrl a ch1p 4051 is used for. multlpl_exmg the 16 channels
e, to,select ione out of 16 chénnelS at a time.
| The ohuuhel numb'er is software selectable. A jumper{,l 1'is used for -
ifsel'ect_jing unipolar or biopolar input. If a jumper is placed at 1 the card,

- accepts bipolar inpjut, otherwise it aecept_onlyﬁ um'polar »input.
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3) PORT ADDRESS OF THE CARD N |

‘ : The port address of the card 1s selectable by Jumpers J4 and 15 The _

“ card address -can’ elther be 0x170 to Ox17f or 0x1fo to Oxlff The -
- addresses-is expressed in demmal would be from 368 to 383 or 496 to : ;

511 The address can ‘be selected as follows

gr\_--J_a:,;lapieAr;M | Jumper J5" CARD ADDRESS

ON ' OFF e 368 TO. 383
OFF . ..ON. . -  496TOS511

- ON- JUMPER IS PLACED -
‘j.OFF- JUMPER IS NOT PLACED
The: bas1c address of the port would be either 368 or 496
The remammg address would be as follows o
PORT = 368 Or 496 | |
PQRT +0= Out put data (Y to -15) to ;select_A/l_-) ’chan':ne'l ‘L
PORT‘+ 1= Out put. 00 to clear A/D data e |
~POI_{T + 2 = - Read A/D low 8 bit data
PO'RT, +'3 = . Read A/D‘hlgh 6 bit data ‘
| PORT +4 = ‘Output at Ist D/A low 8 bit data
PORT +5 = Output .at lst D/A thh 6 bit data



PORT +'6 =' Output at 2nd D/A low 8 bit dafa-
“PORT +7 = Output at 2nd D/A high 6 bit data
PORT + 8 = Loop back 8 times to start A/D hlgh 7 b1t conversmn

" PORT +12 = Loop back 8 times to start A/D low 7 b1t conversmn |

4.) CONVERSION PROCESS FOR A/D :

| a) Output ahannel ﬁumber to PORT 0O +T 0

b) Initialize A/D fegiafer_ | | |

c) Start conversion by looping back individually exactly 8 times in PORT
+8 and PORT + 12. | o

- d) . Read data in PORT + 2 for low 8 bit and PORT + 3 for hlgh 6 b1t

~ CARD ADDRESS - h 170 .

Channel utilised - channel no - 0, 1, 2.

- 5) CONNECTOR DETAILS

A 25 pm ‘D type connector is prov1ded for mterfacmg the card w1th '

the analog signals.

PINNO: SIGNAL . PINNO. SIGNAL
1 +12v . . 14 . 12V
2. 2mdD/Aout .15 © . IstD/A out
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3 ' GND 16 .  CH6

4 ‘cH7 17 ' CH4
5 ' CH5 18 CH2
6 CH3 19 ~ CHO
7 - CH1 20 CH15
8 CH14 21  CHI3
o  cHI2 22 ~ CHIL
10 CH10 23 CH9
11 - CHS 24 . GND
12 GND 25 5V

13 - - 5V

. (6). 8255. Input Output Card :-

The 8255 1/o card is a programmable Input - Output interface card
for IBM -PC /AT/XT or their compati'ables. The card contains 48 fully
i programmable Inpqt - Output lines, 3 independently programmable 16-bit
| counters, each with a count rate up to 2 MHz. The hardware address is

. selectable between 01 Boh and 01Bfh and also between 01foh and o1ffh.

Port address -

- PORT = h1B0



For 8255 2. | ‘
' PORT 2—A PORT+8+0
PORT 2-B =PORT + 8 +1
ﬁ'oRT‘é -C=PORT +8+2
'PORT 2 - CW = PORT + 8 +3

4 3 Crrcmt Detalls -

Two current: Sensors are!used in pnmary and secondary s1des of
transformer for current sensing. Amphﬁers uses IC-324OP ~-AMP are used
for s1gnal amphﬁcatron

IC-7410P-AMP is used for ﬁlterout of 50 Hz and other hrgher .

' -frequencles to pass.

The amplrfied signals are converted into dlgltal usrng ADDA-14 and
recordmg in PC. |
The dlagram of develop c1rcu1t of PC based Protectlve relaymg for

'transformers are shown in ﬁg 4

4.4 Working Operation - |
" The circuit for PC based protectmg relayrng for single phase
transformers is shown in ﬁg 4 Prlmary and secondary current have been

sensed through current sensors of turns ratlo 1:1000. Then resrstance is -
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connected through secondary of each current sensor and current 1s_v

- converted mto proportlonate voltage these voltages are amphﬁed through o

IC 324 They are then: fed to. ADC card ADDA-14 and recorded in PC -

The fundamental component of pnmary current ﬁltered out through IC -

741 op amp and harmomcs contents are ampllﬁed through IC 324 and |

"~ then fed to ADDA-14 Thrs is done in order to detect magnensatlon mrush .

COIldlthIl In th1s way recordrng of srgnals takes place The recorded signals
are then processed in PC for operatmg current restralnmg current and
harmonic percentige when operatmg current 1s greater than restranmg
‘ current and harmonic percentage is greater than 4{)%, relay 18 restramed :
: from operatron. But 1f harmomc percentage 1s less than 40%, relay operate
and mdlcate mtemal fault Thls tnp 51gnal generate at PORT-A of 8255-
‘ZIIOandLEDglows | B e
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Chagter'-s ‘

St')‘ft:wate' I'mplellilentat:;idn And f‘_lowﬁChart:

' :Iﬁput Reqﬁirement and Not:'i‘tions 3.
Relaying Scheinc needs 3 inpuf sigﬁéls for its.Operaﬁon : two sig;
ﬁals for primary aI;d_ secbndary currents and ong for hairmoﬁi(; crurren't[
-Thfe notations used for various quantiﬁta_s are as f_ollc_)ws:}
Channel number : i |
Primarjdlrrent : I [o] =a
Secondary current :I[1]1=b .
Harmonéi_c -’Currgnf (I[2] = c
»'_ith sample of pnmaty curre_ptfzh 1[o] [il
ith sample of Secondary cuﬁent D I1] [ |
Inside the computer the sami)les of all 3 input signals are stbrqd in
3x16 data array Th_é three signalé are read via channéls O, 1,2 and stored
. in data array. | - | | - o
The value bf pércéntlage i)ias taken hc':rexisi 0.4 1e4—0% The turn
ratio of current sensor is 1:1000 and a sﬁitablc value Qf res_itanc:é con-
. mnected acr'oss the c\urrent: senso,'r fqr conversion:purpdsfe (Fo’ convert the
current signal infq a proportional voltag.e_'isign“al):. This conveﬁed voltage .

. is within tlfe;'rangé, ‘of ADDA-14."
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To eliminate the effect of fharmonics and noi'se in currents, the dif-
férent.frequ'ency cdmponéﬂts are extracted usihg hardware filters and used
in the relay operation logié.The_ relay operates 1f the followiﬁg conditions
are~‘§atisﬁed. |

Id' > IO

and Id > BI

where I, and I, are the fundamental frequency components of differ-
eﬁtial and through currents, respectively; and Io and B are pick up current
and fractional bias.

Then calculate the harmonic restraint factor.

HRF = (harmonic restraint Component + Fifth harmonic componént)

Fundamental frequency component
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Store Io, B

-t

Read & 1, L& L,

Calculate

2

Io= 1'12 lt = 11 + 12

Calculate HRF

No
y y
Set inrush Set fault indicator
indicator or and issue trip
overexcitation signal

!

! .

,"'bFig.' 5.1 Flowchart for differential protection of transformer
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- Flow _Cha'r.t = .

A flow chart of the relaying scheme has been s_hown‘in Fig. 5.1.

- The value of pick up current I, bias B are pr.es:tored in' memory. In
the second block, the value of primary. S;e'condary and _ﬁlter,ed‘harmonic
current are read_\ ‘via ch;annel no. 0, 1, 2 respectively of ADC card ADDA-
14.

Tl‘ién' calculate the difference, sumébﬁrrent and h_arnionié restraint
factor. If the operating current (difference current) is greater than the
restraining current (Sum current) Vand HREF is gi'eater than 04 then set
inrush indicator. | |

But if HRF is less than 0.4 then set fault indicator and issue trip

signal otherwise read next sample.
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. CHAPTER-6

RESULTS AND SCOPE FOR FURTHER WORK

The author has carried out simulated test for differential protection
of transformer with the help of function generators v
1) First of all grven fundamental component to the PC through the ADC
“and harmonics ,40% of fundarnental component. Then the observed
that relay yielded adblockingd"signal_ and indicated magnetising inrush
condition. A | |
2) Under no internal fault codition, the differance is zero as I and L

are of same magnitude and cancel each other, relay indicated no op'eration

3) Under internal fault condition the relay operat1on indicated (Prlmary '

current (I ) is greater than secondary current w1th seoond harmomc
- percentage less than 40%) .

- Actual exp’erirnentation could not be carried out becanse of non-
| availability of three phase transformer). |

| Scope for further work |

‘The relay logi'c was found to be working satisfactorily under all

the cases. Most of the relaying function have been achicved through .

‘hardware, the software requirement is extremely simple.
The present work can be carried through software only without

need of hardware filter by digital filtering and simulate the actual normal

and abnormal condition.

The research has been going in this field for taking into acount

tap changmg error and CT ratlo eITor.
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APPENDIX

# include <stdio.h>
# include <math.h>
# include <dos.h>
int PORT = 0 x 170;
int a 8255 basg add = 0 x 1b0;
int IL, TH, IT[3], k,i,t,j;
float T[3]; |
void main ()
{
outport b ( a_8255 base add + 11, Ox e4);
for (k=0; k<16, k++)
{
for(1=0;1i<3;it+)
{
outportb(PORT + 1, 0);
outportb(PORT +-0, i),
for (j = 0; j<8;j+ +)
{
inportb (PORT +12);
3
IL = inpoxtb (PORT +2);
for(=0;j<8;j++)
{
mmportb (PORT + 8 ) ;
) )
IH = inportb (PORT + 3);
IH = (IH & 0x3f);
IT[i] =IH +IL;
T [i] = (1H-8090)/1685.0;
a=T [0];
b=T [1];
c=T[2];



Printf("na=%f  b=%f c=%f", a,b,c);
getch ()

/* Program for implementing protective scheme */
Id = a-b;

Is = (a +b)/2;

Ih = (c/a) * 100;

Printf (" ’ Id = %f Is = %f Ih = %f", 1d, Is,
Th),
if (1d > Is)
{
if (Th > 0.4)
{

outportb ( a_8255 base add + ‘8,0);. |
printf ("INRUSH condition")

else

outportb ( a_8255 base add + 8,1);

else

printf ("no fault" );
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