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Abstrqct- Thr vrlBc of f.uh crrrart ir rhmyt
dcp€nds on thc lrc rBitlrnc. which ir itlclf r lroo-
lincer function of thc fauh currcrt thrt h thc fruh
curront and rrc rcaistrIcc arc muturlly dcpcDdcnt, to
thc .hort circlit rltlyli! crtrlot b. pcrforltrcd
dlrccdy. In tr.rrDkllotr Dctlvork!, tL qlcoLtion of
th. frlh cuEc.t i! r vcry iiportrot tsk r.d thc
.crurrcy of th. rhort clrcoit rlrlyrir rlrryr dcpcndr
on ahc fr[h nodcllitr8. I! ordcr to gct tb. .c.or.tc
rc.diug of ftrlt currcDt, it lt vcry iDportmt lo knox
thc vrlue of thc .rc rBirtrtrc. .t thc huh loartlon.
FroD thc crird!8 rpprorchc!, tic vrlucs of rrc
rBirtaoc! i! cittcr hown ir rdvrtrcr or totrlly
ncglcctcd frorn thc Ganlklcr.tior. By r.ruEitr8 ttr
yaluc ofrrc rcrhtr[cr o] aotrlly trcglcctrd lt vtluc, thc
vrluc of frult currcnt obtrhcd bctoDc lrrlcr rld mt
lccur.tc coEp.rcd with thc v.luc obttiocd whc! tha
rrc rcliJtrlcc ir iochdcd. Thc rcrding of fiull
cttfrcll clr bc Dora acrurata -har tha arc rctbttlc.C
b itrclodcd i! tlc c.lcrhtiotr.

Kspodt-Ara rrlktrrc!, hrh crrrrit
crlcuh6o!, lhort elrcult .idyriq frrlt lodlLi

I. INTRoDUCTIoN

The calculation of shorr circuit current (fauft
crrrcnt) in transmission nct*orks is a very
importmt task. Whcn a hult occurs in a power
systems (Eansmission net\f,orl(s), d the fa[h point
a high surent fault arr will be occrmcd. In order to
recovery quickly fiom the frult, it is very important
to inv€stigate thc fuult arc phcnomena I l.

It is very important in short circuil analysis to
consider the arc resiscamc because thc arcing hutts
oc.ur in ovcr Eoplo ofall faults [2], [3]. An arc fault
is a high power dischargc of electicity bctwecn
two or morc conduclors [4]. The arr occun in the
gas-filled space bctweeD two conductive electrodes
that often made ofcarbon [5].

When the valuc of arc r€sistanca is assuming
ftom the ereerience or from handbooks (e.g l-5O)
or simply neglccting it for calculatioo, the value of
fault cunent obtained is lsrger compore to thc
cur€nt obtained from the calculuion that including
the arc resistancc inside.

From thc corparisor, it is very obvious that
the value of arc resistance detcrmin€s the value of
frult curr€ It. This new method cur help in rhe
sclection of the switchgear componenr selcction
and other security deviccs. The better protection
co-ordination and the optimal operation of
protoaive devioes are v€ry important to get the
morc accurate fault currcnt Eading [3].

In this paper the ca.lculation for the sccurate
fault current by using itentive procedure is shown.
By using this method, the value of calculated sc
resistancc at the fault point is including in the
impedance matrix- The value of new fault cufiEnt is
celculated by using dre updated impedance matrix.

II. TliEoRmcALBAcKcRorJND

A. Fa t Analpis

From tlrc IEEE Std 100-1992, the meaning of
frult is a physical condition thc causes a device, a
component, or an element to fail to p€rform in a
required manrrr, for example, a short circuit, a
bmken wire, or 8n intermittent connection. There
are two types of fault that are symmerrical and
unsymmcrical fault with ftrce types of fault that
are single line to ground, line.to.line and double
line to gound hult

Fault can causc a loge voltage drop on the
system, disturbance to the system slability that can
cause shut down, the protection system cannot
functioning well and intnruption to the service.

The objcctives of the fault analysis are to
@erminc thc maximum md minimum three phase

frult cunent, to investigate the operation of
protection rclay, to det€flnine what ft€ rdcd
cspacity of circuit breaker is and to det€mine the
fault cur€nt disEibution and bus bar volrqge during
the &ult [6].

B. Emmetical Faull
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FigurG l: SynEctricrl Frult

Figurc I shows thc symmctic8l frulq ft€ faulr
tyFs of symmetrical frult arc line-linc-linc and
line-line.linc to grotd. Symmetrical fauh can bc
defined as thc simultaneous short circuit across all
three phases [7].
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Figure 2: ].Phsse Frult Equivlletrt Circult

Figure 2 above show the equivalent circuit of
a three - phase &uh. The fu€e phsse symmefical
fault current will allow daermining the
symmetrical breaking capacity of the circuit
brmker and swirchboard.
Where:
V, : Line voltage in p.u.
ZF = Phas€ impedance bctween tte srryply source
and the fault location in p.u.

l: Curent in p.u, tor=#
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Flgurc 5: Ncgrtlvc Scqucncc

The negative s€quence component is shou,n in
figule 5. Same as the positiv€ sequence but the
phase sequence is opposite to th€ original phas€.
Almost similar to the positive sequence exc€pt
there is no e.m.fsource.
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Figurr 6: Ze ro Scqucnce

Figure 6 above slrcws the zeno soquence
compon€nts. Zcm sequence consists of thr€e-phase
with same magnitude and zero phasc differerlce
between each other.

C. New ,4rc Resislance Formula

Bascd on cxperimenral lesting in high power
test laboratory FcH-Msmheim (Gcrmany) and
exhaustive analysis and processing of real arc
voltagdcurrent signals at the Univcrsity of
Saartrucken (Cermany) and thc University of
Belgrade (Scrbia and Montcnego), the calculaion
of new arr formula is derived [2][8]:
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Figure 3: A typicrl bu3 of I power lystem

A typical bus of an n-bus power system
networt is shown in Figurc 3. The slmmcfic8l
frult is sppliod ar bus k through fault inpcdancc ft.
There are 3 typcs of symmetrical componcnts that
arc:
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Figure 4: Positive Scqucnce

Figure 4 dpws the positive scqtrrrc
component It coosisr same magnitude 8nd 120'
spaced to each otter. These coryonens have dre
same sequence 8s original that are R, Y and B.
positive sequence is identical with the normal
network

U" = E"L

By combining equation ( I ) and (2),

InrD00
R =2,,12uo

,TI

2,12 E-L
P = 

---:-
,II

(1)

(z)

(3)

Where:
R is the arc rcsistance (O)
L is the arc length (m)
I is the arc curer (A)
E is the arc voltage gradieot in (V/m)

The volt8ge gr8dient of an Erc that w8s
calculatcd by dividing the Erc voltage b€twe€n the
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elecEodes E fie gap length, the equaion can bc
written as following:

E = a* bl-n (4)

Where:
E is voltage gadient (kv/m)
a" b is constanl
I is cunent (kA)
n is power

From equation (4):

E" = (1200 ; 1500) v/m (s)

(6)

Equation (5) and (6) into (4)

L
R. = (1080.4 + 1350.5)7

1855.3 4501.6rR'z=lt+P)L

E" = (950+5000)+t (v /m)

Figrre 7 abovc is tre flowchart o{r how to
calcula& rhe value of arc resistance and new fault
currEnt:

l) S€t the $arting itcration index as k = I and
starting value of arc resistance Rarc (k) = 0.
Rarc (k) = 0 is used when to start comparing
the value ofarc resistancc.

2) Calculat€ the fsult cur€nr with the existing
mcthod. This fault cunq used to calculat€ tre
arc r€sistanc€,

3) Increment thc itcration index kk: k + l: 2, 3,
4....

4) Calculate the arc rcsisrancc using formula fiom
equdion (7) or (8). The 8rc cur€nt tbit
calculated befqc is uscd in thesc formula.

5) Compsre the value of new arc r€sistac.e with
tte old arc rcsistance. If the different is larger
than 0.0001, go to sr.p 2. Thc new frult curent
is calculatcd usmg thc u@eO impcaance
marix.

6) If the c resistance different is equal or less
than 0.0001 print fte rcsult. The result is in
ecnral value.

IV. RESULTS AND DISCUSSION
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I II. METHODOLOGY
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Figure 8: The I l-bus Power SysteD Network

Generalor
Number

Ra
p.u

x'd
p-u

I 0 0.20
l0 0 0.15

0 0.25

Trbb l: Thc Tr.ntbtrt Impcdrnce of thc
GctrcrrtorT

Bus
Number

Bus
Number

R
P.u

x
p.u

%B
p.u

I 0.00 0.06 0.0000
3 0.08 0.30 0.0004

2 5 0.04 0.l5 0.0002
6 0.t2 0.45 0_0005

3 4 0.10 0.40 0.0005
3 6 0.04 0.40 0.0005
4 6 0.15 0.60 0.0008
4 9 0.18 0.70 0.m09
4 l0 0.00 0.08 0.0000
5 7 0.05 0.43 0.0003
6 8 0.06 0.48 0.0000
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Frgure 7: Flo?chrrt for Rr- rld rci f.ult
curIttra c.lcuhtion
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7 E 0.06 0.35 0.0004
7 II 0.00 0.10 0.0000
8

Teble 2: Thc Linc rtrd Trrrsformcr l)rt!

Figure t abovc is rhe I l-hrs power systcm
networt that was used to test the pmgram. Table I
and 2 shows the data of generatoB, line and
transformer used in the network.

Frcm $e tcst, thc value of uc resistance and
new fault current werE calculated and compared
with the value of huh currcnt that calculated fiom
existing mednd. The results as followed:

Teblc 3: Thc Rcsult of F.ull curlcnl, Ncr fruh
Currctrt rnd Arc R6btrDc.

From Table 3, the value of frult cuE€nt c€n be
compsred The value of fault current from thc
existing method is bigger than drc new hult cun€nt
The value of new fault current d€,t€f,mined is morc
accurate.

Arc Railtrnca And Frult Currrnt
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F[ 9: Arc Rcebtrace.rd Frrlt CErrcrt itr
Ixff.rcDt Nod6

Fig 9 shows the readings for arr resistance and
new fault current. The biggo the value of arc
rcsisfiance, tfie lower tte value of fault current and
vice versa

Comparbon Betrvocn Feult
Curent Wl0rout AE R6ht nco (lt)

wltfi Fault Cunont wlth Arc
Rcbt nc. (tftr.wl

123a56760tott
A{r3 Xumbar

Fi8 l0: Conp.rtotr bctwccr Fruh Clrrcnt
without Arr R6lstrnce Eith Ncw Fluli Curretrt

V. CONCLUSION

In this paper the ncw method for frult analysis
in trsnsmission netwo* by including the value of
arc resislance is prcsentcd Thc mahod is tested
using the ll-bus power system network on
symmetical fauh.

From the ncw metho4 the valuc of fault
cur€nt is nrcf€ soqJrate compar! to the existing
method that totally neglectcd th€ arc r€sistanc€
value or solved by assuming a suitablc constant of
arc resistance value.

The new method oftrs the more realistic
approach and accurate calculatisr offauh current
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