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a link connectedbetween MATLAB environment and
EMTP_RV program. i order to go throughthis, the
This paper presents a probabilistic evaluation, based ongrounding systenof tower of transmission liniss modeled
Monte-Carlo method, for the estimation iosulation risk of in statiemodel (ST model) wide-band model assuming
failure of overhead transmission lines (JL¥he proposed  constant electrical parameters for the $6iP model) and
method takes into account the widand model of tower wide-band model assuming frequendgpendent electrical
footing grounding system The wideband model of  parameters for the soi(FD model) However, the
grounding system in frequency domain is obtained by the calculation of the lightning related failure risk is carried out
method of moment solution to the governing electrical field based orthe MonteCarlo method

integral equations. The electrical parameters of soil are

considered to be either constant or frequency dependent. 2. Lightning Related Studies

The timedomain representation of the grounding system is ) .

inferred through poleero characterization of its associated 2-1- Lightning Parameters

frequency responseThe case of a typical 4eV/ The peak value §), rise time ) and time to half valué)
transmission line is modelled in EMTP_RYV with the tower are the main parameters of the lightning waveforms, in
footing grounding system integped with the transmission  which te statistical variation of eaclf the above

line (TL) system. The results of the paper show that the parametes is approximated by a logermal distribution
failure risk of transmission liness affected by the  [11]:

grounding system model. This effect is more pronounced

Abstract

when the soil electrical parameters are assumed to be _ 1 21 1%nx’ % %, (1)
p(¥) = ——expy ) 3
frequencydependent T2 X 20 Tk
1. Introduction Where !, andX are the standard deviation and median

Lightning overvoltages are the leading cause of insulation value ofgat_:h lightning p.aram.eteir respectively.
The statistical data of lightning parametees be adopted

failure in transmission lines (TLs)Therefore, lightning from Table 1. The statistical distribution of subsequent
protection systemsf TLs should be properly designed strokes in a flash can be selected based omlifigbution

reduce the maintenance services and the need to; -
replacement of damaged equipmétit Lightning failures ~ 91ven in [11]

can be caused by strokes to shield wire, tower body or Taple 1:Statistical parameters Multi-stroke Negative

phase conductors. The lightning phenomenon is Lightning Flashes [11].
characterized by its stochastic nature mainly in terms of the . Subsequent
parameters of its return stroke current ame tstroke First stroke stroke

. S : Parameters
location. Hence, a probabilistic approach is usually adopted Medi | Medi '
to evaluate the lightning performance of TLs. edian = inx edian i
So far, extensive studies have been carried out on the risk lp (KA) 31.1 048 13 0.6447
assessment and lightning performance of TLs in order to t ('s) 383 055| 032 06677
design the proper lighing protection system {2]. In the t (") 7'5 0.58 2'0 669
previous works the grounding system has been modeled n - -

He (I, 1) 0.47 0

with a linear or nonlinear resistor-B. However, a method
has also been presented in1[@} for wide band modelling
of grounding systems in the EMTIRe tools. This helps
with the accurate calculation of lightning overvoltages.

In this paper, thestatistical parametersof lightning are It is assumed that lightning strokes are uniformly distributed
taken into account andsulationfailure riskis estimated by on an impact area, Fig. 1, where its widlthyis limited by

* = correlation coefficient between peak current and rise time.

2.2. Termination Point of Impacts



a distance that corresponds to the maximum peak currenB.2.Insulator String Flashover Characteristic

magnitude and derived from the eleetr@ometric model
(EGM) of transmission line [4,5]. The length of the impact
area is the line span. Having the point of lightning
occurrence on the ground, termtioa point of impact
(stroke to ground, shield or phase conductor) can be
determined. In Fig. 1R, andR; are striking distances to the
conductors and ground, respectively [12].

Figure 1l:lmpact area of lightning strokes on the groun

3. Transmission Line Components Modeling

3.1. Transmission Tower

The schematic diagram of a typical tower of the 400 kV test
line and its resultant multistory model is shown in Fig. 2. In
the multistory modelZ, (=200%$) is the surge impedance
between théower pbp to the phase and, (=150%) is the
surge impedancbetweenphase arm to the tower bottom.
Further details regarding for the valuesPfndL can be
found in [13].

N
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Figure 2: (a) Tower configuration (values in brackets .
midspan heights), (b) multistory model of transmission tower
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The insulator stringnodeling of transmission lineaffects
thecalculation of thdailure riskcaused ¥ lightning surges
The insulator stringan be modeled asvaltage controlled
switch connected to a parallel capacitas shown in Fig. 3
[14]. If the peak value of the lightning current exceeds-a so
called critical current, the insulator experiencese th
flashover that closes the switch in parallel with the
capacitor.

Crossarm

Conductor

Figure3: Insulator string model ofL.

In this paper, the integration method is used for evaluation
the effect of nosstandard lightning overvoltages. The
integration method is expressed as follows [14]:

t
DE ="(V(t) ! \p)* dt’ @)

)

Where DE (kV."s) is the disruptive effect of the applied
impulse voltagety('s) is the instant that the instantaneous
voltageV(t) exceedghe minimum voltag&/, beyondwhich

the breakdown process starts; &nid a factor accounting
for the effects of the applied voltage amplitude and time on
DE.

In the integration method, breakdown occurs when the
integral DE) becomes equal to or higher than the critical
disruptive efect DE*. Table 2 presents the@doptedvalues

of constantparameters of the integration methddom
which K=1.36 is adopted in this paper

Table2: The value of Parameters of Integration meth
in 400kV [14].

K=1.36 K=2.5
Vo(kV) DE (*10°kVV*  Vo(kV) DE (*10°.kV*>,
_"S) "S)
1363 30.061 849.7 213.579

3.3. Tower Footing Impedance

For the lightning related studies, the tower footing
impedanceconventionallyis modelled by asimple non
linear resistance in which the soil ionizatioraiinction of
the instantaneousurrent flows through the tower footing
[4,5,1517]. In this modeling,the frequency dependence
behaviorof the soil electrical parameters is ignored [18]
[20]. Concerning the frequency dependence of sall



electrical parameters, the model ppepd by Longmire and
Smith is used [21]lt is supposed thah the adopted model
theworking frequency interval changes o€ to 2 MHz.

overvoltages generated by the lightning strokes, depending
on the termination point of impact; 4) calcutati the
insulation failure risk.

The grounding system is modeled either by its static model The overall process of thEoposed method is presented in

(ST) or its wideband modelln the case of statimodelng,

the grounding system is modeled f@sistance equal to the
low frequency value of the impedance magnitude of the
tower footing grounding system. Thede-band modehg
refers toCP-wide-band(CP model)wherethe soil electrical
paraméers are assumed to be constantF@-wide-band
(FD model) where the soil electrical parameters are
assumed to be frequency dependent as suggested by
Longmire modelFurther detail on widdand modeling of
tower footing grounding system can be found in [Onust

be mentionedhat in tke current workthe soil ionization is
disregarded

4., Modelling of Grounding System

To calculate the admittance matrix of grounding system
over the desired frequency interval, the Method of Moments
(MoM) can be used to solve the Electric Field Integral
Equation (EFIE). The same procedure of [9] is used to
determine the admittance matrix of the grounding system as

"a (9 E (9%
Y(s) = b4 1(5) =¢ ! " ! 3 (3)
B9 # a.3?

wheren is the number of ports of the grounding system
while aij(s) (i=j) and aij(s) (H) respectively denote the
self and mutual admittances for and between ports i and j.
The reader is referred to [9] for further details. Following
the procedure of [9the shate space model of the grounding
system admittance matrix is developed for the time domain

Fig. 4
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Figure4: Flowchart of the proposed method.

simulation in EMTP.RV. The overall procedure involves The insulation failure risk (F.R.) that is the sum of the
rational fitting of the admittance matrix and then failure risks caused by badlashover (BF) and shielding

constitution of the statspace model in the form of

X(t) = AIx(t) +B v(t)
i(t) =C!x(t) +D lv(t) +E W(t)

(4)

where x(t) is the state vector whilg(t) andi(t) hold the
voltage and current vectors of each port of the grounding
system (see2P] for further details).

It must be mentioned that the stafgace equations can be
implemented in EMTP_RYV, directly [9].

F.R.=!VV“‘ f(V) P(V) dv

mi

failure (SF) can bealculated by [4]

(5)

where P(V) is the disruptive discharge probability of
insulator string;f(V) is the probability density functions of
all overvoltages caused by eitt&f or BF; Vyin andVyax are

the minimum and maximum overvoltages produced across
the insulator string.

6. Numerical Results

5. Failure Risk Analysis

6.1. Frequency domain simulation

Due to random nature of lightning parameters, Monte Carlo Fig. 5 presents the variation of grounding impedance for a

simulation is an appropriate tool for the lightniredated

studies. Assuming the impact area of Fig. 1, Monte Carlo frequency.

simulation can be summarized as: 1) generating random
values of lightning flash parameters and coordination of the
first stroke lightning stepped leader (x, y) on the impact
area; 2) application of an Electgeometric model (EGM)

to determine termination point of impact of each lightning
stroke; assuming that thsubsequent strokes follow the
same path of the first stroke2d; 3) estimating the
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vertical copper rod with 7mm radiuas a function of the

It can be seen that the grounding impedance is almost
constant up tol00kHz and increases for the greater

frequencies. Also, the variation of grounding impedance
proportional to the frequency is more intense for longer
electrodes
























