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COMPlJT ATION OF
TRANSMISSION LINE TRANSIENTS BY USING

}'AST INVERSE LAPLACE TRANSFORM

transfer function of the system is calculated by using distributed parameter

representation of transmIssion line. For the frequency to time domain transformation

of transfez function, Fast Inverse Laplace Transform is applied. Comparisons are made

between the results obtained by FILT and conventional methods such as conventional

Laplace transform and Electromagnetic Transients Program (EMTP).



Transmission line is one of the most important parts of the electric power

system. The function of the transmission line is to transmit power between generating

stations and main load centers. Over the years, electrical energy is usually transmitted

at 245, 345, 400 or 500 kY. \Vith the increasing consumption of electricity the power

transmitted increases and for this to be achieved economically transmission voltages

must rise. Nowadays transmission systems with line to line voltages of 750 or 1150 kY

are being used.

Insulation reqUIrements of a system IS mostly determined by the level of

transients initiated due to switching operations such as closing of circuit breakers. The

peak values and duration of these transients must also be known for the design of

protective devices.

Various time or frequenc)' domain methods are suggested and used for

computation of power network transients [1-4] In Fourier or Laplace transform

methods the transformatIons are infinite integrals [2,3], and the inverse transform is an

integral with respect to frequency W or s~cjCJ.).In practice. these infinIte integrals are

evaluated numerically as finite summations Summations are performed for -wmax<w<w

Max in steps of sampling frequency t.w. For best accuracy, Wma' should be large and ~w

small; in this case computer time may be very large. Therefore, in order to speed up

the calculations fast transform techniques must be used

In this paper, the application of FILT [5J for the computation of power system

transients is presented. The method, which is initially developed by Hosono, is fast

and efficient for the frequency to time domain conversion. The results obtained are

compared by those obtained by conventional Laplace transform and Electromagnetic

Transients Program (EMTP) in both accuracy and CPU times point of views.



In transform techniques, the jw- or s-domain expression for transient voltage at

any point in the network IS derived. It is generaJ]y impossible to obtain a closed-form
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where z=R .•..sL and y=G+sC are the series impedance and shunt admittance per unit

distance, and v and i are the voltage and current phasors in the conductor.

Differentiating equations (1 .a) and (1. b) again with respect to x gives



d7.v---:::: ::vvdx' -, ,

The solution for terminal voltages and currents of the line with length I can be

obtained in frequency domain as [6)

Zo and y in (3) are complex characteristic impedance and propagation constant.

respectively; they are defined by

In the case of multi-phase transmission lines series impedance z and shunt

admittance y in (1.8) are replaced by series impedance matrix Z and shunt admittance

matrix Y. In the solution procedure these equations are decoupled by applying modal
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Many algorithms for the numerical computation of the inverse Laplace transform are

found in literature. The algorithm developed by Hosono has been selected for its

accuracy, efficiency, and ease of implementation. Details about FILT can be found in

the line is energized by a step voltage and the receiving-end transient voltages due to

line t~nergization obtained by applying FILT. by taking the parameter in (5) as 3=6.
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Example 2- In thIs example. tr:'insient overvoltages due to three-phase transmission

line energization are studied. The 380 kV, 271 km line [8) with open circuit at

receiving-end is energized by the sinusoidal voltage source with series inductance

Ls=50 mHo Phase-A of the sinusoidal source at the instant of energization is at its

peak value.

cycle of input obtained by FILT are shown in Fig 3a and b For comparison. the same

example is studied by EMTP and sending- and recei"ing-end voltage transIents (of

phase A) obtained by EMTP and FIL T are shown in Fi& 4a and b. These two figures

show that the v0ltage curves obtained by EMTP and FILT are almost the same.
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Figure 5. Comparison of EMTP and FILT results; a) sending-end, b) receiving-

end voltages for phase-A.



SingJe- and three-phase transmissIOn line transients are computed by using

FIL T. The validation of the fIL T was accomplished by comparing its results with

those obtained by cOllvcnrional Laplace transform and EMIP The results show that

the technique used is accurate and easy to implement on the digital computer. The

method is considered to be extended to include frequency dependent parameters.
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