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A Simple Short Circuit Analysis for Power Networks
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Abstract. This study investigates the transient behavior of short circuits in power circuits. The circuit consists of two
part; input part and load part. These two parts are connected with a circuit breaker switch. The circuit works in two
modes; first mode is when the switch is open and second mode is when the switch is closed. This study analyses the
circuit when the switch is closed. The analysis is done with different types of closing angle. The analysis is done by
forming state equations and those equations are solved numerically by using Matlab. The analysis and conclusion is

performed by observing the behaviors of the graphs.

1 Introduction

Closing operation of a transmission line or a inductive /
capacitive circuit can produce transient overvoltage’s due
to several factors. One of the most important factors, that
have more influence on the peak value of voltage, can be
assumed as the instant of closing [1]. For the transmission
lines, the transient over voltages due to the switching of
circuit are limited because of pre insertion resistors in the
line circuit breakers [2, 3]. On the other side, using
controlled closing can effectively limit the overvoltages
and eliminate the need for closing resistors [4]. For an
ideal condition, the circuit breaker (CB) contacts should
touch completely when the voltage over the contacts is
zero. But in real applications, the CB operating time may
change. The variation of closing time of the CB contacts
is assumed to change as a Gaussian distribution [5]. The
value of the rate of decrease of dielectric strength should
exceed the maximum derivative of the applied voltage for
proper operation of CB. The maximum pre-striking
voltage is determined according to the statistical scatter
of the contact’s speed [6].

The purpose of this paper is to create a simple and
effective tool for investigation voltage changes due to the
closing operations. The newly developed tool for closing
transients is in good agreement with the practical
applications. Inductive / capacitive circuit transient over
voltages were examined in [7]. In this paper, a
simulation analysis based on state equations is presented
to find the closing transient over voltages and the other
possible voltage variations due to the short circuits.

2 State Model For The Single Phase
Switch Opening And Closing

Figure 1 shows and proposes a circuit model for
switching analysis for the power circuits.

Figure 1. A proposed switching transient investigation model

If the switch is open a=0; a.G =0 and it means no
conductivity. When the switch is closed a=1; a.G is very
large, it means that circuit is closed. Source voltage is
assumed pure sinus signal as U(t)=*u"§ V.sin(wt + &)

State model of the system is derived the circuit which
is shown in figurel and they are given in below,
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As a result, state equations can be summarized as
below,
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Output magnitudes of the system are mentioned in
equation (2.6). Here; i4: Current passing through the
switch and ug : Recovery voltage
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In this situation both uj and v, can not be state
variables at the same time. If we vy is chosen as a state

variable equation (2.2) and 2.(4) can be written as shown
below:
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Adding equation (7) and (8) gives;
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For the closed switch condition, state equations
become as below
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When the switch is closed, it can be investigated the
below transient events using equation (11) and (12):

a) Energization of large inductive load: Cy and C,
are negligible

b) Energization of large capacitive load: R), and L,
are negligible.

c) Short circuit current: R, =0 ;
are negligible.

€y, Cyand Ly,

From special cases a, b, and ¢ above first or second
order differential equation is obtained and analytical
solution of the equation can be found. Since the circuit
was operating in continuous in sinusoidal mode before
the switch was closed, in the investigation of transient
events when the switch is closed initial conditions is
obtained as follows ( Here, #: Respective angle when the
switch is closed.).
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A graphical based interface is created in MATLAB
environment is shown in figure 2.

Figure 2. Graphical interface for analysis.

3 Analysis of Short Circuit
Short circuit is analyzed by letting the value of load

resistance Ry=0 with large value of 'y (0.001 F)
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Figure 3. Graph of the source current during energization of
short circuited load for 8 = 7/ 2.
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Figure 4. graph of the load current during energization of short
circuited load for & = /2.

Figure 3-6 show different outputs related to short
circuit condition respectively. All values of & makes the

load to show transient behavior at the beginning, but for
different values the level at which current attains steady

state is different. Small values of & causes the current to
reach its steady state at lower values while 8 = /2

gives the highest level.
The time spent before reaching state is same for

different values of &, for the graphs above it shows that
every graph reaches its steady state at 0.01 second.

graph of load voltage(Vy)
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Figure 5. Graph of the load voltage during energization of
short circuited load for & = 72

graph of load woltage(Vy)
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Figure 6. graph of the load voltage during energization of short
circuited load for @ = 37 /4.

The load voltage starts at its initial value and falls rapidly.
After some times it attains its steady state, for different

values of & the steady state peak value is same but the

initial values are different. Value 8 = /2 gives the
highest initial value.

4 Conclusions

When the short circuit occurs in power networks, the
short circuit makes the load to show transient behavior.
The transient behaviors are different for different types of
loads. Depending on values of angle when the circuit is
closed (#), transient time can be short or long. During
transient periods, overvoltage occurs most of the time. To
analyze and examine this kind of overvoltage is not easy
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every time due to complex parameters. This study
analyzed closing transients in case of short circuit.
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