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Pene BifirparoTh KIIFOUOBY POJIb B €HEPrETUUHUX CHCTEMAX.
Ixnim 3aBaHHAM € Binpi3aTH JeeKTHY YaCTHHY Bill iHIIMX 30H
€HePreTHYHOi YCTaHOBKU. ICHYIOTH Di3HI BHAM peie i KOKHe
pene Mae okpeme 3acTocyBaHHs. JudepeHiianbHi pene BHKO-
PHUCTOBYIOTBCSL JUISl 3aXMUCTy TpaHC(OPMATOPIB, HATUMKIB 1
€JISKTPUYHUX IIMH. Y MUHYJIOMY, MEXaHIuHi pese BUKOPHCTO-
BYBaJIMCA AK QU(epeHLialbHi pele, NpoTe, CbOroIHi MexaHid-
HUM pelle Ha 3aMiHy npuinumn numdpoi pene. IIporpecusHi
mugepeHuianbHi pesie BUKOPUCTOBYIOTh HPOLEHTHU audepen-
LiaJbHUI 3aXUCT 3 MOJBIHHOI XapaKTePUCTUKOK HAXWIB U
3anobiranHs HeOaxkaHoi Nl 4epe3 MOMWIKK TpaHchopMaropa
crpymy. Ilicist MOIeNIOBaHHA YCIX YaCTUH peallbHOro nudpo-
BOT'O peJie 11i YaCTHHU OYIIH IO€IHAaHI Ul YTBOPEHHSI PeaIbHOr0
mappoBoro audepeHuianbHoro pene. Takox, L MoIenb
BUKOPHUCTOBYBaJacsa i OyaiBHMLTBA IM(POBOro udepeH-
niansHoro Gioky pene. Ockinbku SIMULINK He mae nudepen-
LianpHOro OJNOKy pene B CBOiM  OibOmioreri, el G0k Moxe
BUKOPHUCTOBYBATHCS B IHIIMX IMITallisIX €HEPreTUYHUX YCTaHO-
BOK SIK AU(epeHIlianbHe pere.

HaiironoBHimi YacTHHM peajbHOrO LU(POBOTO peje €
HACTYITHUMH. 8HAJIOrOBE MacluTaOyBaHHs, aHAIOroBUH (inbTp,
3pa3ok i (ikcallis, MyJIBTHILUIEKCOp, aHAJIOrOBHH Uit 1udpo-
BOT0 KOHBepTepa, upoBUil HLIBTP, MpoLecop.

V crarTi OnMcaHo yci 4acTHHH peanbHOro HU(poBOro peie
CXEMH JIOTiKH JU(EepEeHLIATbHUX pelle, 10 BUKOPUCTOBYIOThCS
y Mikpornpouecopi audepenmiansaux pene.  Hanpuknap,
mpoBi nudepeHniaabHl pesie MOKYTh KOMIEHCyBaTtd a3y
3cyBy TpU(}a30BHX TpaHCHOPMATOPIB Ui KOKHOI BEKTOPHOI
rpynu. Mu 3acToCOBYBaJIM MaTpHIIi, SKi BUKOPUCTOBYIOTHCS B
peabHuX pesie Ul KOMIeHcalii KOKHOro 3cyBy ¢as3u. Takox
1 poBi udepeHLianbHi pese MOXKYTh MiA1aBaTHCs HATHCKY i
30y/KeHHIO, JIOCSTafoyd 2 TapMOHIKM 1 5 rapMmoHiky,
BiJIIOBiHO. SIKIIIO i KiJTBKOCTI EPEBHUILYIOTH [IEBHI 3HAUCHHS,
pelie MyKaroTh BUXiJ 3 Li€l cutyalii Hatucky abo 30y/DKeHHS Ta
HE HaJICWIAIOTh NIepEeMHUKaYaM CUTHAIY BiIKIIIOUCHHS.

Hapermri 1 Monens BUKOPUCTOBYETHCSI B OZIHIM THIIOBiH
€HepreTHuHii cUCTeMHil iMiTamii s 3axucry Tpuda3zoBHX
TpaHcdopmaropis. Ilepesipsiiacs aist pese uepe3 BUKIHK aBapii
y ABOX pI3HMX MiCUSX — Yy 3aXUIIeHid 30HI ¥ B iHmIN -
He3axulleHid. Pe3ynpraT mokasan, IO perne MOXKE BHABHTH
HATUCK 1 MEPeBHILCHHA EJIEKTPUYHOIO CIPYMy, a TaKOX
PO3pi3HATH JeheKTH B 3aXHUILCHIN 30HI 1 B HE3aXMILEHIN 30H.
Otxe, pe3yabTaTd MiTBEPIIN NIPaBIUBICTh MOJEI.
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Differential rdlays are widdy used in the Power networks as a
protection for power trandformers, bus bars and generators. This
paper aimsto model onetypical differential rday in the SIMULINK
environmental. This modd has been smulated in the MATLAB
program and the results confirmed truth of the proposed modd.
Also, thismodd isused to build differential rlay block in MATLAB
software. Snce MATLAB software does not have a differential reay
block, this block can be used in other power system's Smulations as
adifferential relay.
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[. Introduction

Relays have a key role in the power sysem. They have
duty to cut the faulted zone from the other areas of power
system. Not too long ago, mechanica relays were employed
for the protection duty of power systems [1]; however, with
progress in the digital systems, previous mechanica relays
have been replaced by the digitd rdays Fig.l shows
different parts of atypical digitd relay [2].
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Fig. 1. Different parts of digital relays

Different parts of Fig.1 are common for al digital
relays. Analog scaling is used to decrease level of input
signals, because processors only can work in the specific
range of inputs. Analog filter is used to filter noises from
which are come from the power system (due to the
switching or faults in the power systems). Since digital
processors (such as micro controllers) need analog to
digital conversion time, sample and hold circuits are used
for sampling and holding the input and sending them at
appropriate time to the processor. Since very high speed
analog to digital converters are relaively expensive,
Multiplexer is used for sending only one input to the
andog to digital section of micro controller a the
moment, and finally, processor of the micro controller
analysesinputsin order to find possible faults.
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Differentid protection is a very rdiable method of
protecting generators, transformers, buses, and transmisson
lines from the effects of internd faults In a differentia
protection scheme which has been showed in the Fig.2,
currents on both sdes of the equipment are compared. The
figure shows the connection only for one phase, but a Smilar
connection is usudly used in each phase of the protected
equipment. Under norma conditions, or for a fault outsde of
the protected zone, current |, isequd to current |, . Therefore
the currents in the current transformers secondaries are dso
equd, i.e i; = i, and no current flows through the current
rday. Butifi, andi, donot beidenticd, differentiad protection
concludes that internd fault has been occurred and then it will
separde this section of the power sysem from other arees.
Thisway of protection iscalled current differentid protection.

Protected zone

Fig. 2. Differential protection scheme

The disadvantage of the current differentid protection is
that current transformers mus be identicd; otherwise there
will be current flowing through the current rdays for faults
outside of the pratected zone or even under normal conditions.
Sengtivity to the differential current due to the current
transformer errors isreduced by percentage differentid rdays.
In percentage differentia rdays, the current from each current
transformer flows through a restraint coil. The purpose of the
redraint coil is to prevent undesred relay operation due to
current transformer errors. Fg.3 shows scheme of percentage
differentid rday.
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Fig. 3 Percentage Differential protection scheme
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Fig. 4. Differential relaystrip characteristics

The operating coil current | iy — i, |required for
tripping is a percentage of the average current through the

restraint coils. Digital differential relays use trip cha-
racteristic which is showed in the Fig.4. It shows 2 diffe-
rent characteristics for digital differential relays. Single
slope characteristic is used in ordinary applications. Since
progressive digital relays use dual slopes characterigtics,
we used dual sopes characterigtic in our modeling.

Il. Digital differential relay modeling

Here, we present each part of a real digital relay and
itsmodel in our modeling.

Auxiliary pt and ct

Auxiliary transformers are used mainly for three
following reasons:

1. Decreasing the level of voltage to the suitable level

2. |solating relay hardware from power system

3. Compensating difference in the phase of primary
and secondary inputs (not for digital relays).

Note that the third reason in the digital relays is done
by the processor itself.

Sincein the differentia relays, we only need auxiliary
CT (since inputs are only currents), we only modeled it.
Figs.5 shows mode of auxiliary CT in the MATLAB.
Note that MOV (metal oxide varistor) has been modeled
with the non linear capacitance.

Auxiliary CT

N,

Fig. 5. Auxiliary CT in the differential relay model

Current
Signal

Current to voltage converter

For analyzing data in the micro controller (or other
digita components), the inputs should be voltage. In
many relays, an accurate 1 ohm resistor is used for current
to voltage conversion.

Anti aliasing filter

Low-pass filters are used to avoid the phenomena of
aliasing in which the high frequency components of the
inputs appear to be parts of the fundamental frequency
components. The anaog inputs must be applied to low-pass
filters and their outputs should be sampled and quantized.
The use of low-pass filter is necessary to limit the effects of
noise and unwanted components of frequencies.

Fig. 6. Anti aliasing filter

The filter is designed to remove any frequencies
existing on the input signal which are greater than haf the
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sampling frequency. Common andog low-pass filters used in
these relays are of third to fifth order with cutoff frequency of
about 90 Hz. The cutoff frequency of 90 Hz implies that a
sampling rate of at least three samples per cyde (180 Hz) mugt
be usad in order that the information needed to perform the
differentid rday functions is retlained and erars due to
aliadgng are avoided. In practice, the sampling rate must be at
least four samples per cycle (240 Hz). Fig.6 shows modd of
anti diadng filter whichisusadin the digital rdays.

Sample and hold

The purpose of the sample and hold circuitry is to take
a snapshot of the sensor signal and hold the value. The
ADC must have a stable signal in order to accurately
perform a conversion. Fig 7 shows an equivalent circuit
of sample and hold circuit.

s

Fig. 7. Sample and hold model

Sample and hold is controlled by the processor.
Processor sends signal's to the sample and hold chip and it
determines that sample and hold chip hold the input or
send it to the multiplexer.

Analog multiplexer

A veay cost-effective way to implement an A/D
converson board is to use a sngle A/D converter component
(ADC) and multiplex different combinations of sgnals to the
ADC's input. This technique can accommodate a large
number of inputsand it is used in the digitd rdays, so thefina
cost of rday is more economic. Fig.8 shows the proposed
model for 6 channd anaog multiplexer which isusedinthe 3
phase differential rday.

Fig. 8. Multiplexer model

Analog to digital converter (A/D)

An analog to digital converter (A/D converter or
ADC) takes the ingantaneous value of an analog voltage
and converts it into an n-bit binary number that can be
easily manipulated by a microprocessor. In general, most
high performance numeric rdays use 12, 14 or 16 hit ADCs
(IEE, 1995). The n-hit number isabinary fraction representing
theratio between theinput voltage and the full-sca e voltage of
the converter. A number of techniques can be used to achieve
this converson. The full input voltage ranges for an ADC are
typically O to +5 or 0 to +10 volts for unipolar operations, and
-5 to +5 or —10 to +10 voalts for bipolar operation. We used
embedded MATLAB editor block for modeling 12 bit

bipolar analog to digital converter (i.e. we wrote A/D
code for modeling analog to digital section).

Digital filter

Digitd filters have, for many years been the most
common application of digitd dgna processors There are
two basic forms of digital filters, the Finite Impulse Response
(FIR) filter and Infinite Impulse Response (IIR) filter. The
main draw back to the use of IIR filters in digita protection
rdaysisthat the group dday cannat be specified in the design
process. Thismakestheir usein protection somewhat onerous,
in genegd, FIR filters are usudly the preferred type. So we
modded a gmple FIR filter which isused in the digitd rdays.
Fig 9 showsthissmplemodd.

Fig. 9. Digital Filter model

The processor and thetrip logic

The processor anaysis inputs which have come from
A/D. It calculates restraint coil current and operating coil
current. Then it evaluates these currents in the dual slope
characterigtic. If it concludes that relay is in operating
region, it will send trip signal to the switches; otherwise,
it does not send any signal to the switches.

There are two important matters in differential
protection for transformers:

1. Inrush current of transformers does not pass
through the transformer, so in the firsd seconds relay
concludes that internal fault has been occurred. This
problem is solved in the digital relays by using DFT
(discrete furrier transform). Since the inrush current has a
great amount of 2" harmonic, digital relay calculates 2™
harmonic of primary currents and if its 2™ harmonic
become more than specific value, it consider this current
asinrush current and it does not send trip signal [3].

2. Three phase transformer's differential protection
needs phase shift compensation. In the digita relay,
compensation is done numerically in the processor.
Certain matrices are used for omitting phase shift which is
caused by the various configurations of three phase
transformers [4].

In our model, we used DFT block in the SIMULINK
library for calculation of 2™ harmonic. By knowing
percent of 2™ harmonic in the primary current, we can be
able to prevent mistake trips due to inrush current. Also,
we used MATLAB function block in order to embed
transform matrices for omitting phase shifts. The other
parts of the processor such as dual slopes characteristic
are model ed with embedded MATLAB editor block.

[ll. Differential relay block

After modeling different parts of differential relay, we
combined these parts as a whole (see Fig.10). Then, we
made digital differential relay block in the SIMULINK
environmental. Setting menu of this new block has been
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showed in the Fig.11. As it can be seen, setting menu
allows user to set his desired setting. For example, user
can define his trip characterigtic by setting Id min and
slope 1 and Slope 2. User also can adjust percent of 2™
harmonic in inrush current and percent of 5" harmonic in
the over excitation current. Furthermore, user can select
transformer vector group for correct compensation of
phase shift in the three phase transformers.

Fig. 10. Differential relay model in SMULINK for one phase

Fig. 11. Setting menu of the proposed
differential relay block

V. Simulation results

We used differential relay block in the simulation of
one typical power system which consists of three phase
transformers and three phase generators. three phase fault
applied in two different places, one in the protected zone
and another in unprotected zone.

Figs 12 and 13 show the results of applying
differential relay block on protection of a three phase
transformer in the simulated power system. Transformer's

type is YD and its vector group is 11. As it can be seen,
under normal conditions or faults in the outside of
protected zone, relay does not send trip signal. But for the
faults in the protected zone, it sends trip signas to the
switches for separating faulted zone from other parts.
Also, results show that differential relay can recognize
inrush and over excitation currents due to their high
amount of 2" harmonic and 5" harmonic, respectively.
Relay does not send trip signal if 2™ harmonic or 5"
harmonic exceeds the adjusted value in the setting menu.

Fig. 12. Currents under fault in unprotected zone

Fig. 13. Currents under fault in protected zone

Conclusion

This paper proposed a model for one typical digital
differential relay in the SIMULINK environmentd. All
parts of the digital differential relay have been described
and mode of each part has been showed. This model aso
was used for building differentia relay block in the
SIMULINK which does not have differential relay block.
At lagt, the model was tested in one faulted power system
and results showed the truth of modd.
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