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Abslrdct:fib pepcr presctrb tntrsiert overvoltrg€
suppression techtriques rgsitrst lightring rt UiTM Shsh
Alrm. It involvcd tbe development of a simulalor model
thst cstr be used to strdyze scverrl trsnsient overvollsge
mitigation tech[iqu€s. Power system computcr rided
design (PSCAD) softwsre is used ss it is user friendly
and eflici€nt in conduct power system simulstio[s, This
prqiect used metal oxide surge rrrestcr (MOSA) to
mitig8te thc effect due to lightoing strikes. The elfect is

mitigrted by usiog three typ€s of (MOSA) model, which
are IEEE, Pinceuti Giannettoni and Fernendez Diaz
models. Using PSCAD software, the p€rformatrce of thc
MOSA models were evaluatcd rtrd comptred. It wes
fould thst tf,EE modcl can rcducc thc trstrsiert
overvoltrge bctter ahstr Picenti Girnnettotri, srd
Fernandcz Diez models

Xcyoords- dal Oridc Strgc An.st.t (MOSA), Po$cr Sl$eit
Conpater Aided Dcsign(PSCAD), fionsi.nt owrwlrog..

Lightning car strike directly to the phase conductors of
overhead power lines. Lightning also can strik€ the
overhead earth wire (shielded wire) that is sometimes
installed above the phase conductors to protect them from a

direct lightning strike.
When lighming strike the electricity distrihnion system,

surge currenl is genersted and conducted through power
system into the facilities. l-arge impulsive fansient
ovewoltage is produced due to this surge current.

t
Figure 2 LightninS strikes in po\r€r line syslem.

The lnstitute of Electrical and Electronics Engineers

oEEE) Standard l3l3.l-1996 defines tsansient overvoltage
as "a short{uration highly damped, oscillatory or non

oscillatory overvoltage, having duration of a few
milliseconds or less [3]. Voltage uansients normally last

only about 50 microseconds and cunent h-ansients last

typically 20 microseconds [4].
An impulsive tsansient is a sudden change in the steady

stale condition of voltage, current or both, that is

unidirectional in polarity, either positive or negative [5].
Standard lightning impulse voltage specifies a rise time of
1.2 micmseconds and decay to half the peak value in 50

microseconds [5]. Figurr 3 illusrared impulsive transient

caused by lightning.
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Figur€ I Example rmpulsivc transient drre to li8hhin8.

Transient Overvoltage Suppression Techniques against Lightning

I. INTRODUCTION

The phenomenon of lighlning has been the subiect of
intensity study by many people. The consequences and the
behavior of lightning are unpredictable but in general term it
is fuirly predicrable. Lightning is an elecrrical discharge in
the air hween the clouds; it is carried by warm air rising
into a developing cloud. Discharge may occur from cloud to
cloud or from cloud to ground []. Four type of lighming
illus:trated in Figure I [2].
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Figure l. Foor types of ligh&in8
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The appropriate mitigation technique is imponant in
order to mitigate the impulsive transient overvoltage. Metal
oxide surge aIresters (MOSA) are widely used as prctective
devices agains switching and lightning overvoltago in
power electrical systems [6]. The mdn function of surge

arrester is to limit the voltage that ciln appe{r between two
points in the circuit [I. Three types ofcircuit that represent
metal oxide surge arrester in this project are circuit pmposed
by IEEE, Picenti Ciannettoni, and Femaodez Diaz.

This paper prcsent the mitigafion technique for transie
ovewoltage based on metal oxide surge arrest€t' .ln onder to
determine the b€st metal oxide surge arrester model, the
simulation was done using PSCAD software. Metal oxid€
surge afiester model with the best performance was rlected
as the best desiglr.

ll. MEnloDoL(x;Y

ln general, this projcct is to simulate the effect of
lightning strike at three phase cable at intak€ of power

supply at UiTM Shah Alam by using PSCAD soflware. The

flowchan of this projea is shown below.

FElrd&GE*t drFfi

A. UiTM Shah Alam Distribution Sy$tem

The UiTM Shah Alam dislribution system was modeled
using PSCAD software. This circuit focused only on
distribution system of Science and Technology (S&T)
building.
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Figure 5 UiTM disttjbution systems at Scicnce and Technology
building.

B. Lightning lnpulse bsign.
ln order to gct or observe transient overvollage, lokA

lightning impulse (E/20us) is g€nerated using double
exponential function equation in PSCAD. The equation is

stated as below:
I(r)=e'r-e'oN ...(1.0)

I (t) = peak curent m88nitude
a & p = constant value that will determine the rise time and

the decay time of current impulse curv€.

Agf|r+qao6.furEh{E
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Fagure 4. Flow chart of projc{t

Fi8urc6 LighEtinS impulse circuil dcaiSns

r r-L
1r
A

Y

+.r

0

ltl

l tt

ft

a

-1
r [-l,
L6$

I

v Y

llt

.q"*il

,I fl

A $ ?I
l l t

I

E4Il

G
€

r'l

amysuzaima mohd shafiee
Pencil



L =+@Ir) .. (l.l)
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Figure 7. Lighming impulse waveform

The circuit that generated this lighEring impulse will then
be injed€d to the three phase cables ar the UiTM Shah Alam
distribution system. The lighhing strik€ at one of the three
phase cables is shoqn in Figure E.This circuit will create
transiealt ov€rvoltage.
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C. Surge Arrester Model.

In this project, there were three tw€s of surge arrester
models were constuct€d. They were IEEE surge arrester

model, Picenti Giannettoni surge arrester model and also

Femandez Diaz surge model.

RO R1

33 67 tolrnl

R1& L1 = Low pass filter.
C = Extemal capacitor to attenuate the Eansient at

high fiequency.
Ro= Resistor that placed to avoid numerical oscillslion

and effed that croate by capacitor.
Lo = lnductance of magnetic field around srrester.
d = Estimaed height ofanester in meters.

n = Number ofparallel columns of maal oxide in the
aIIester.
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Figure 9. IEEE sutge arr€st r model

IEEE mctal oxide surge srrester models also known as a

fiequency dependent model. This is because it depends on

the fiequency that will divert the over cuEent to the ground

through this circuit. This model has non-linear resistance

Ao and Ar, sepamted by an R-L filter. For slow surges, the

filter impedance is cxremely low and fu and .A1 are
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practicslly connecled in parallel [E].For f&st fiont surge,
filter impedance becomes high and curent flows through
the non lines resislsnce, fu The equarion for IEEE
parameten is shown below:

Figlne 8. Lighhing strile at dtrEe ptlase ctbh
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FigurE I 0 Picati Gism<doni surgF atr€st.t modcl

Pic€nti Gisnnettoni surge arester modcl is a modified
version of IEEE model .Operating principle for Picenti

Ciannettoni model is quite simil8r to IEEE fiequency-
dependort model. For this model, the capacitance is

etiminated, since its effects on model behaviour is negligible
and two rcsistanc€s in parallel with the inductances are

reptaced by one rcsistance R (about I MO) between the

input tefminals, with the only scope to avoid numerical

troubles [9]. The equalion for Pincenti Gianneroni is shown

below:

. Vx-Vrat
L, =:x=:-axVn(PH) ' (l'6). rt vrrl,n

. Vx-Viat
L" = 1;' x -17--ttt x Vn @H) ...(1.7)" 12 vrstzo
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Lr& Lo = Filtering high frequency during trEnsient and to
reduce the response time during fast iionl
transient.

Vn = Arrester rated voltage.
Vx = The residual voltage ar l0kA fast front curent

surge (kV).
Vrelro= The residual voltage at l0kA current surge with

8/26rs shape (kV).
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Figure ll. Mitigation circuit for Picenti Ciannettoni surgie &rester
modelI FER}.IANDZ DIAZ

MODEL

Figure I I Fernsrd.z Disz slrgc arres(.J model

Femandez Daz surge arrester model is also based on

IEEE model. ln this model, fu and Ar are separated by L1,

while l,o is neglccted Figure ll. C is added in arrest€t
terminals. This model does not rpquire iteraive calculalions
since the required data are obtained from the manufacturer's
datasheet [0]. However, for paramete{ Lr and C the
equation is :

L;nLp ... (1.8)

- roo
...(1.9)

n = scale faclor
C = Extemal capacitor to anenuate the transieflt d high

frequency.

D. Final Mitigotion Circuit.

ln order to determine the best design io mitigate
transient overvoltage, each metal oxide surge arrestet model
is constructed and then connected to the lightning impulse

circuit Figwe 8. The mnnection for each types of metal
oxide surge arester model is shown in Figure 12, 13, and

14.

Figlre 14 MiliSation circuil for Femandcz Diaz surS€ srrester
model.

E. Surge Arrester Parqmeters.

The pararneter value for each of MOSA w8s calculated
and tabulaled as shown below.

TABLE I - IEEE AR-RESTER MODEL

{ I
I

tI
T 0

I

{

qL+

iio t
.t

Arrester
rating (kv)

Parameters

Lr(trH) Rr(o) IdpH) &(()) c(pF)

40 40 7.77 33.6't 0.1036 51.8 193.05

40 30 6.435 21.89 0. r036 5 t.8 193.05

30 l0 6.435 27.89 0.0858 42.9 233.1

20 20 4.29 t 8.59 0.05'72 28.6 349.6

t5 t5 3.585 15.535 0.0478 23.9 4r8.4

Figlre 12. Mitigstion circuit for IEEE surgE arrEter modcl
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r aLE 2 HcENTt crAl.rNEnoNr ARRESTER MoDEL B. Mitigqtion Technique Using IEEE Model

A[ester rating
(kv)

Parameteni

L1(pll) R,(MO) I-,(trH)

40 .10 1.40t8
,t0 l0 t_0536 I o.4673

t0 30 r.0536 I 0.35 t2

20 20 0.7054 I 0.235 |

l5 l5 0.5268 I 0. I756

TABLE 3. FERNANDEZ DIAZ ARRESTER MODEL

I II. RESUI,I AND DISCUSSION

Simulaions for each model were performed using

PSCAD software. The results were eYaluated and compare

as shown below:

A. lnitiol Slote

At initial state the three phase cable circuit is connected

to the lightning circuit thal performed waveform as Figure

15.

trgure I6 l ransi€nl overvoltaSes due 1o liShtning sEik for(A0=I5kV
snd Al l5kv) anester latinS

From the result. it can be seen th8t aftor IEEE model is

applied with rated voltage for both arrester set et l5kV, the

nominal voltage 8t transient overvoltage reduced from initial
70.653kV to 26.961kv. At this state, voltage has been

clamped. The voltage that been reduc.ed is about 43.692kV.

C. Mitigation Technique llsing Picenli Giannettoni Model

wtv

\,\\AA

,\\\

"\A/
Figurc l? Transicnt ovcwoltrge duc to lightning sEik for(AGl5kv

snd A l=l5kV) arresl4t rsung.

From the result, it can be seen that afler Picenti

Giannettoni model is applied with rated voltage for both

arrester set at l5kv, the nominal voltage at transient

overvoltage lEduced from initial 70.653kV to 26.962kV. At
this state, voltage has been clamped. The voltage that b€en

reduccd is about 43.691kV.

E. Mitigalion Technique Using Fernandez Dioz Model

i

nnnr\:*/V\/V\
]

FiBurc l5 Tr.nsient overvoltage occurut inilial slate sfur liShhinS
strik€

From the result. it can be se€n that sansient overvoltage

is obtained after lighhing strik€ at one ofthree phase cable.

At 0.1 microseconds where the transient occur, the nominal
voltage inffeased from 24.61itv to 70.653kv.

5

Arfester rating
(kv)

Parameters

Al Lr(rrH) Rr(MO) ('(pF)

40 ,10 2.0t8 1 t93.05
.10 l0 1.5 |]8 I t93.05

.10 30 l.5ll8 ! 233.r

20 20 I .009 I 349.6

l5 t5 o.7567 I 418.4

FigurE I t Transi.or overvoltagcs drr to tighhing slrif. fr. fne I StJ
ard A l=l5kv) arrcsd.t lating

r | 0.4673
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From the result, it cao b€ seen that after Femandez Diaz
model is applied with rated voltage for both arrester set at
l5kV, the nominal voltage at transient overvoltage reduced

fiom initiaf 70.653kV to 26.963kV.At this state, voltage h8s

been clamped. The voltage that been reduced is about
43.690kV.

After the simulation of metal oxid€ surge arrester models
proposed by IEEE, Picenti Giannettoni, and Femandez
Diaz, all the data was tabulated in order to analyze the
differences b€tween each of metal oxide surge arester
model. Tablc 4 shows the differences of clamping voltage
for the three types of metal oxide surge arrester.
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VII. REIERENCI]

TABLE4: REuJCTION IN TRANSIII{I OVERVOLTAGE WIIH
DCTESXNT TUTED OF VOL.TAGE FOR TEE TXREE TYPE OF

ARRESTER,

IV. CONCLUSION

In this project, it shows the consequenc€s in the actual

condition when lightning strike an elertical distribution
system by using simulation software. This pmject has

sucaessful mitigate transient ovewoltage by each of the

metal oxide suge arresler model, The differences of
transient ovel voltages before and afler the mitigation
Echniques that been applied was successfirlly observed and

analyzed. Outputs from simulalion were analyzed and the

results were compared bdween the models and between the

diff€rent rated voltages used, Comparison between the

results shows that IEEE surge arrester model produc.e bettcr
result than Picenti Ciannettoni, and Fernandez Diaz model

Table ( 4).

V. FUTURERICOMMENDATION

For future recommendation. it is strongly recommended

to do a simulation of lightning strike at different locstion at

the distribution system in order to see the effect, and also

regarding to parameter for each maal oxide surge arrester

model, more accurate calculation is required in order io
obtain good result in mitigate transient ovewoltage.
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Arr€ster rating
(kv)

IEEE
model
(kv)

Picenti
Giannenoni
model (kV)

Femandez
Disz model

(kv)

40 40 69.859 69.880 69.886

40 30 54 468 54.538 54.538

30 30 5 3. l,t4 53. t57 53.160

20 20 35.780 35.784 35.785

l5 t5 26.961 26.962 26.963




