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Abstract

Switching overvoltages are the major concern with the cable system. For insulation
coordination and design aspects one should know the range of this overvoltages.
Different overvoltages and its effects on the system protection are described here. Some
of mitigation techniques for switching transients are also listed. In this paper subsea
cable system is considered for the simulation. Simulation has been done in
PSCAD/EMTDC. By simulating different cases selection of rated impulse voltage for
the equipments are defined.

1 Introduction

In electrical power system, transmission network plays an important role between electrical energy
production and consumption. The transmission networks have mainly two types: Overhead lines
(OHL) and underground cable system. Now a days expansion of overhead lines are become difficult
therefore the underground cable system is introduced. Use of underground cable has great impact on
quality of power and also on the protection level. Moreover offshore infrastructures are also
increasing which also need electrical power. On offshore platforms over head transmission are
complicated and also economically larger therefore cabling system is most widely used. Offshore
industries such as oil, gas or wind power generation require connecting with the onshore grid.
Although offshore industry may have its own generation, it requires electrical connection between
productions platforms. Use of cabling system is beneficial and also it is easy to install but we cannot
ignore the high frequency current and voltage transients resulting from the switching operation. It is
crucial to address the impact of this transient on the design requirements, not only for extra high
voltage (EHV) system but also in the case of medium transmission voltage such as 11kV systems.

In transmission line as voltage level increases switching transients are become more important.
External lightning voltages are limited which leads switching transients to become a primary concern
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in insulation coordination[1]. Also the insulation has lowest strength for switching surges with regard
to long air gap[2]. The main source of transient overvoltages in overhead lines is lightning, whereas in
cable systems overvoltages are mainly caused by circuit breaker operations [3].

In this paper, the overview of switching transients its causes and reduction techniques are
described. Importance of switching overvoltage studies and its contribution in insulation coordination
is discussed. This paper focuses on transients, arises from cable energization and switching
operations. Electrical network connecting offshore platforms is simulated in PSCAD/EMTDC.
Transients in AC cable connections are measured for insulation coordination and system design.

2 Overvoltage Phenomenon

According to their shape and duration, voltage and overvoltages can be classified in five types.
These are Continuous Operating Voltage, Temporary Over voltages, Slow Front (switching), Fast
Front (lightning) and Very Fast Front[4].

a) Temporary overvoltages (TOV) : This overvoltage if of power frequency and having a slowly
decaying amplitude. They are mainly due to transformer energization, fault overvoltages,
overvoltages due to load rejection etc.

b) Slow front transients: These are of small duration of few milliseconds or less. They are usually
highly damped and unidirectional. The can originate from switching operations, line energization,
transformer energization and reactive compensation operations. Studies say that disconnection
transients can produce higher overvoltages then cable energization[5].

c) Fast front transients: They are mainly associated with lightning strokes and are characterized by
the standard lightning impulse wave (1.2/50 ps).

However, in cabling system overvoltages are mainly caused by switching operation, switching
overvoltages are major concern. For transmission line, practical rules and modeling suggestions to
evaluate switching transient simulation are provided in [6]. The switching overvoltages are strongly
affected by line length and are higher in cable as compared to overhead line.

Mathematical derivation of switching transients is also useful to have an idea about overvoltage
amplitude and frequency. Let us analyze series connected RLC circuit with an AC source
mathematically [7][1].

Circuit can be described by,

dl 1
Vpsin(wt+6)=RI+L&+EJ.Idt )]
The current is a summation of the forced and homogeneous components.

1) =10 + I, (D 2

The forced component is the steady-state component and it is easy to obtain by using phasors.
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The transient component is a result of an exchange of energy between the capacitor and the
inductor that it is eventually damped by the resistance.
Here, characteristic equation of circuit is...
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I(t) = Al e’ + A2 e%2* (6)
It is necessary to calculate the values of Al and A2, which has relation with system initial
conditions. There are two variables, meaning that two equations are needed.

1(0) = A1 + A2 7

1(0) = s1.A1 + s2.A2 ®)

I(0) = 0 > 1Ih(0) = - If (0) 9
and 1(0) = 1,(0) + I;(0) (10)
1,(0) = Vpo cos| 8 —tan™?! O e - <V—f sin(G)) (11)
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Obtain A1 and A2 using these initial conditions and the final response I (t) will be,
I(t)
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We analyzed an RLC circuit with the mathematical equations and saw how its behavior is highly
affected by both the switching instant and the load parameters. Here we can see the current or voltage
are in two forms, the forced and homogeneous regime. The forced regime consists of the system in
steady-state condition, whereas the homogenous regime is a transient condition, the total
current/voltage is the summation of both regimes.

s1t

3 Techniques to Reduce Switching Transients

Pre-insertion resistors can be used to reduce the overvoltage and frequency of transient recovery
voltages. In this technique, two circuit breakers are in parallel connection. One is in series with a
resistor. Resistor is used to limit the inrush current in the circuit breaker. The circuit breaker with the
resistor is closed first, and then the second circuit breaker is closed after a few power frequency
cycles. The first operation of the resistive circuit breaker will limit the inrush current which also
reduce the transient. The transients in an offshore connection could be reduced significantly by using
pre-insertion resistors[1].

Switching transients are strongly depends on circuit breaker pole closing span and closing angle of
voltage[8]. By using certain time delay for each pole of three phases in the circuit breaker we can
minimize transients. This delay depends on type of load inductive or capacitive.

To mitigate switching transients controlled switching operation may also use which is more
effective then pre-insertion resistors. In terms of capacitor bank the use of controlled switching
permits to avoid equipment damage, voltage oscillation and sensitive load disturbance[9]. The
combination of surge capacitor protection with surge arresters can also reduce the switching
transients.

Switching transients are also related to type of source. If we consider distributed parameter source
instead of lumped parameter source the overvoltage level will be lower [10].
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4 Simulation

4.1 System Description

There are six offshore platforms connected by a cables, platform-A, B, C1, C2, C3 and C4.
Platform-A feeding a platform-B through 11kv subsea umbilical. 11/0.72 kV transformers located on
platform-B to step down the voltage. 690V 3-phase 3 wire 50Hz bus forwarding the power to
platform-C1, C2, C3 and C4. Single line diagram of a system is shown in the Fig.1. Simulation of the
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Figure 1 Single line diagram of the system
given system is done in PSCAD/EMTDC.

4.2 Simulation cases

Following simulations have been done to the system.
e Energization of 11kV Cable from platform-A circuit breaker.
e Energization of all three 690V from 690V bus circuit breaker.
e Switching operations at peak and zero voltage value.
The purpose of this analysis is to evaluate the overvoltage level and inrush currents due to feeder
energization.
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5 Result

Simulation results are shown in Figure 2. And results are also tabulated in Table-1. According to
simulation results required impulse withstand level and rated insulation voltages are also defined in
Table-1.
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Table 1 Cable energization results

System Energizing at Max. TOV Equipment Equipment
voltage | voltage instant Switching OV impulse withstand rated insulation
(kV) Van surge (kV) level (kV) voltage (kV)
11 Zero 18.1 - 75 12
11 Peak 20.1 - 75 12
0.69 Zero 1.19 - 8 1
0.69 Peak 1.30 - 8 1
0.69 Zero 0.91 - 8 1
0.69 Peak 1.02 - 8 1
0.69 Zero 1.13 - 8 1
0.69 Peak 1.26 - 8 1

The following criteria are used to determine the equipment rated insulation voltage and impulse
withstand voltage:
e Maximum switching overvoltage from simulation study.
e Maximum temporary overvoltages from simulation study.
e Equipment availability in the market.
From the results, following observation can be made:
e Maximum switching impulse overvoltage form various switching cases in 11kV system
is 20.1 kV.
e Maximum switching impulse overvoltage form various switching cases in 690V system
is 1.30 kV.
e Temporary overvoltage (Power frequency overvoltage) does not occur.
Cable inrush currents are produced due to charging process of the system capacitance. The inrush
currents should be accounted in determining protection setting.

6 Conclusion

Switching transients are the major overvoltages in cable system. Subsea cable system is simulated
using PSCAD/EMTDC. According to the simulation results equipment impulse withstand voltage and
equipment rated insulation voltage are specified. Each circuit of the assembly is capable of
withstanding temporary overvoltages and transient overvoltages.
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