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,lrsrad- Nowidsys, .try d(ices hrvc bccD dcvclop.d to
ovenc(xnc tnnsicnt oycrvolt gc due ao lighttriDg strike.
Thfu prpcr preseots ttc pcrforErtrcc of protcction dcvices
agai[st trrtrsicDt ovcr yolt gcs due to lightniog strik in {
33/llkv distribution systcm rt UiTM Shrh Alem. The
objectivc of thc projcct simulrtiotr fu to coDparc and
rnrlyz. tbe pcrformlncc of ltlctd orid. vrristor (MO\f)
and trrnsient supprcssioa voltrge (TVSS) .g.inst indircct
lightnitrg efi€ct The cficctiyetrcsr of thc prot€ctiotr systc[
was tested rod comprrcd thst implcmcnted in
(PSCAD/EMTIrc) softwrrc. Thc PSCAD softwsrc L !
powcr systcm simulatiotr thrt ctrrble problcE regrrding or
the powcr slastem bc solved. lt wrs fouod that Dctrl oridc
yaristor proposed by IEEf, Dodel c.o reducc thc surgc
voltrge to ttc minimum cl,rmp volt{g€.

Kcyrords: 3n I kV UiTM St h Ahd, liSbtdng silrik , tnNiGDr
ovcr yolt g.3, m.trl orH. vrirtor (MOV), trrNiera iupprBsbn
votr.gc (rySS).

I. INTRoDT,CTIoN

In most tsopical courEieq lightning activity is high
especially in Malaysia aomparEd !o other counkies. According
to the mersorological department I l], almost 80olo of lightsling
discharges curent to the ground in Malaysia exceed 20kA
with potentials approaching 50-l00MV and 50yo of stroles in
Kuala Lumpur exceed 36kA, Lightning occur when the
ambient temperaturc is high and the air is humid. Th€ strong
electric field initiales discharges inside thc cloud, and a
negative s&€am of electrons eflerges as a dim spark called a
stepped leader or dart leader. The step@ leader reacbes close
to the earth's surface, rtaching an upward positive leader, and
forms the main channel- The main channel carries initially a
discharge qrrrent of a fsw hundxed amperes up to 100 000A
[2]. It can hit substations, elecfical cable, and line tower and
may be dn€ to indir€r't stsokes o direct stokes. In the indirect
stroke, induced charges cnr take plac€ in the line as a result of
close by lighhing strokes to ground ln any case, the voltage
induced or the line propagates along the line as a travclling
wave until it is dissipated by attenuation or aEester operation.
This results in transient cufient or ove. voltages.

Transient over voltage is a sudden increase amplitude from
normal operating level within microsecond activities and can
reach several thousands of volts- There arc two different typcs
of transient over voltages: low frEquency transi€nt caused by
capacitor swilchin& and high firquency transient are often
called 'surges' caused by lightning. Typical ris€ time$ are on
the order of a microsecon( typical decay times are on the
order of a ten to hufldreds of microscconds. Often, the decay
wil be an exponential dam@ ringing waveform, which
corrEsponds to the frequency ofan equivalent system [3]. This
phenomenon alrrays occurs in the powg. grid system.

Power generatiorL transmission line, distribution lin€, and
finally to the consumer (conversion load) are interconnccted
by electrical wire- When lighhing stdkes dircclly or indirect
o,l a phasc conduclor or line phase, it can b€ .egarded as a
cunent inj€ction. Lightning curtents are diff€rent in amplitude
and shape. The majority of the lighhing strokes vary from kA
!o several tenths of kA- To facilitate testing in the laboratory
and computations eithsr by hand or by computer, the shape of
the current wave of the lightning stroke is standardized. The
Malaysian standard of general principles of protection system
agains{ lightning strike [4] has standardizrd the so callcd
M0ps waveform as shown in Figure l. The cable in power
supply become the main way wher€ Iightning enters and get
through the equipment and possibly damage it. As the current
afempts to flow' devastating Eansieot over voltages can be
scen across the equipment caused damage [5].
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FigIlIe l: Wivdsm of8/20!s cunElt su,ge into a short circuit



Mom€otary outag€s arrB a main conffrn for some utilities
trying to imfove their power distribution. One consequence
ofa lighlning stike to a pow€r system is a disturbanc€ in the
power slpply voltage- It can r€sult in exterEive damage to
equiprnenL A prolonged main ovef voltag€s can cause damage
to equiprnent and to Fqte.tion devices whicl! without proper
selection, cannot cope with excessive voltagc- In recent times,
lightning protectioa in distribution power system become the
main concsm. lmproving protccion device systsm in the
distribution power from ligfitning in wfiich sorne way can
reduce the number of momentary outages- Metal oxide
varistor (MOV) and transient supFession voltage (TVSS) arr
two method usod to prot€{rr lines. With clamping method,
lighhing surge c{tr b€ clamp€d according to protEction level
desired-

For the purposes of the study, this projecl inject lightning
current waveform saoke at 33/llkv distribution system at
TJITM Shah Alam [6]. The impulse cunent t€st wave of
tlpical value of 8/20ps is used for laboratory tesing [7]. The
selection ofprolection systrrn calegoriss is in categories C [8],
which cover external services, overhead/underground lines to
detached building The diskibution syslem has been rpdraw
and analyzd based on the single line diagram rhernatic. In
order to implement this model into PSCAD softwarc, the
lbllowing proccdurc has becn realizcd:

l. DisEihxim system of UIIM Shah Alam is re
simulated aod lightning current injected into the
phas€ cable system.

2. Then, the s€t of paramct€r is vades and ac{ording to
the values of the slstem (e.g the voltagg kVA

"ating.)3. Modeling of profection devic€s is re constructed and
!o be t€s*ed one by one-

4, Firully, oncc all the porameter is known, the
simulation is nrn and its pafism r€ctrded to be
evatuating soon. Its waveform patlem is comparcd
with others to identiry their performance for best
protectioo.

II. METHODOLOCY

The flow cian during thc coursc ofthis project is shown in
Figure 2. The line cable is ccln€cted bctwcen gcneiation and
load. As the fcus€d of the project is at the line cable, all the
assumption are made enable a completely analytical solution.
The goal of this study is, thus the analysis to show how the
results of a simulation changes when a model or pararneter of
protection devices changed. Simulation is done by injecred a
set of lighting surge currEot at phase line cable. Voltage
waveforrn is thcn recorded for each before and after lightning
surge injected. The MOV and TVSS werc located at the same
point thaf n€€ds to be prot8cted-
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Fagurc 2: Flow chart ofproicct

III. PSCAD MODELLING OF DISTRIBUTION SYSTEM

PSCAD softwarc is used to simulate the lightning
performancs of 33/llkv distribution system al UiTM Shah
Alam in the paper. PSCAD program is known as a knowledge-
protected user+awing program perfectly interfac€d with
EMTDC, and has made users easily conduct power system
simulations. Modem computed simulalions including PSCAD
have been developed with the progress of various models of
components.

A lightning stmke to lhe cable will create induced culrent
[9]. The tlpical values of this p6per sel€cled to be +8i/20ps.
The wave shape is according !o IEEE standards [4]. Thew
wave shape art describes as'combination wave" t€caus,e
these can be delivered by a generalor on short circuit. These
can be readily generated in many simulations and are
conmonly used for the study of lightring strike. Thc lightning
current shape is takeo into account by an appropriate formula
[l0]. The lightning sulge cunent can fi[ther be modeled
electrically as shovm in Figure 3.
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Figure 3: LiStrling mo&l

B. MOV USINC IEEE PROPOSID MODEL

The most frequonly used surge model is thal
propossd by thc IEEE working group 3.4-ll [ll] as

shown in Figure 4. Although the IEEE model provided an

accurate eSimation ofrhe value and tlrcir behavitr, this is
impctant to determine the accuracy dcgree of the
protection system. Elcrnent used in tbis model were

inductance and resistor as a parame&r to deterrnine all the

Fxsibilities ofthe value for protection-

figure 5: Single line diagarn ofTVSS model

Figure 6 shows the configuration of the distribution
network at UiTM Shah Alam used as an example in this paper.
The network consisls of three phase voltage source together
with inductive elernent on it, three phascs wire cable which is
divided to thrce (siogle phase each), line impedance and load.
The same voltage is assumed io be induced in one ofthe phas€

canductor with characteristic impedance of 1.0 ohm- Loads
arE attached at the end of the point.
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FiBre 4: Single Inle dia€rram of ItrEE Fop6€d model

C. TRANSIEN I'SUPPRESSION VOLTAGE MOD[.),

TVSS are designed !o suppress transients regardl€ss

of their origin. They form a low im@nce pth which
bypasses tho transient away fronr the protected

equipmeoL Arl impo ant rating of TVSS devices is
clamping level [2]- Figure 5 shows the example ofTVSS
devioes that will b6 used in this project simulation. There

are many devices capablc of surviving thc long uave
transient overvoltage- The longet duration of this surge

has a high energr level associated with it

@

Figurc 6: Single line dirgruh ofdistributio.r syslem st UITM Shah
Alem

Measurcrnents on distribution network system and
developed models are in the frequency of 50H2. The
configuration investigated in this paper is a simplification with
the purpose to illustrate the protection device system in
waveform, and how the lightning and loads or voltage
influenc.€ iL
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IV. RESULT AND DISCUSSION

With the purpose of comparing the prot€dion devic€q
several simulations have betn made. Figurr 7 shows the effect
of lighEing stik€ to the cable. Impulsive transient occur,
where it can be seen there is voltage surge. The transient
propagate almlg the cable (indrced) making disturbonce to the
voltage system. -Ihe graph shows that surge vollage dse up !o
74.240kV compared to tlrc nominal voltage of 20-968 kV.
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Figure 9: GIsph ofclampcd volhge after irtslalled TVSS

It can be seen thal th€rc is voltage sag occur when 'I'VSS

inslalled in the n€twork distribution system as shown in Figure
10. This is happen becaus€ of its inductiv€ el€menL Inductors
oppose changes in current through them, by dropping a
voltage directly proportional to the rate of change of curent.
According to L€rz's law, the voltage dropped across an
inductor is a reaction against the change in curent through it.
The suggestion is to put either RURF filter in series with the
model to get rid ofthe ripple-
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Figure 7: GraFft ofsuIEB r0lfago *fiqr ligtrtniog surge cune'rt ls
inixEd

Figue 8, shows the effect of installing MOV using IEEE
proposed model, as can b€ s€ql tll€ voltage clamped as shows
in &e graph to the value of 27.896kV wtich is improved
previously-
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Figure l0: ClEph ofvoltage showing volbge sag after n$elled TVSS

Figurc 8: Gtaph ofchnped voltage aft€r i!$alled t{OV usiDg
tEffi FWoEcd nodel

Figure 9, shows tbe protection devices of TVSS model
was applied, as can be seen the voltage clamped io the ceriain
value of 61.656kV al the ma* signed which is beuer than
previous one, During the simularion for this type of protection,
it can be seen, ther€ are voltage s{rg @curs in the waveform
after the placement of device, this is because of the inductive
elemcnr itself.

V CONCI-USIONANDRECOMMENDA'I'ION

The effect of lightning on the distribution lines is
importaot in power sys&m engineering. It gives rise !o a
number of related ph€nomena such surge prot€ction,
insulatioD coordination and safety of equipment and
personncl, and conc€ms about continuity of power supply. It
rras shown that the fotectio[ performance can be improved
by applying MOV. In summary, the metal oxid€ varistor
(MOV) allows id€ntiflng its parameler bas€d on the
Malaysian standard If a fansient oc4urs, c:urrent flow across
the impedance and the varistor that, becaus€ V = Z * I, caus€s
a poportional voltage drap across the voltage independent
impedance.
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The accuracy of the simulation can be improved when the
protection devices characteristic is chosen correctly- A quality
transient voltage supprcssor limits the amplitude of transient
overvoltage at all times, There are, however, been instances
where both protection devic€s have been improved for
bansient overvoltage rcduction.

As for the rec'ommgndation, a ccrtain degree ol'
"oyerdesign" must be considered because in most cases, the
waveform, amplitude and firquency of occurrence of these
transicnts ar€ not known and t}le scal€ of local differences
makes such an approach subject to unc€rtainty-
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