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Abstract - The continually increasing use of capacitors throughout 
utility and industrial power systems has resulted in an increased 
awareness level of the application considerations associated with ca
pacitor switching and harmonics. This paper reviews these topics 
from a systems point of view, emphasizing the system interaction 
effects and the means that can be used to minimize this interaction. 

INTRODUCTION 

Over the last decade there has been a significant increase in the 
use of shunt capacitors in both utility and industrial applications. 
With utilities a number of trends and events have led to this situation: 

A reduction in the addition of new AC lines due to a slowing of 
load growth in certain areas as well as an increase in the 
difficulty of obtaining new rights-of-way. 

An increase in the use of DC lines and DC back-to-back 
terminals. 

An increase in the need for power transfer capability due to 
generation availability in certain parts of the country and gen
eration shortages in other areas. 

All of these conditions have resulted in a greater need for 
capacitive var supply which can be obtained with relatively short lead 
times through the use of shunt capacitors compared to other alterna
tives. 

In the industrial area there has also been an increase in the need 
for shunt capacitors: 

More utilities implemented and enforced billing penalties as
sociated with low power factor. 

The increased use of power electronic controlled loads has 
brought an increase in the need for filter capacitor banks. 

In applying capacitors there are a number of system considera
tions that can be important factors in assuring that the bank and the 
rest of the system operate in a reliable manner. Often these consid
erations not only apply to the system where the capacitor bank is 
being located, but also to adjacent utility and industrial power sys
tems. This paper focuses on the two major areas of a reliable power 
system interface as it involves capacitors--switching transients and 
harmonics. 

CAPACITOR SWITCHING CONSIDERATIONS 

Switching capacitors has been discussed in the technical litera
ture for over 50 years. [l] The papers have generally been a mix of 
application oriented topics and switchgear design and test considera
tions. The significance of this topic can be put in perspective when 
one realizes that the switching of capacitors is the most common 
source of transient voltages on many systems and second only to 
light11ing on many others. This statement is generally true because 
many capacitor banks are switched twice a day---0n in the morning and 

off in the evening. A vast majority of the time, however, the switching 
of a capacitor bank results in a harmless transient. In this section of 
the paper some of the more significant concerns related to capacitor 
bank switching are discussed as they affect other equipment on the 
interconnected power system. 

For many years oil breakers were commonly used to switch ca
pacitor banks at virtually all voltage levels with some applications 
using air blast and air magnetic breakers. A high percentage of these 
breakers, when used in capacitor applications, inserted resistors in 
the circuit during both the closing and opening operations. 111ese 
resistors were in the circuit to minimize the transient recovery voltage 
across the breaker contacts during the opening operation. In the 60's 

and ?O's vacuum and gas interrupters were introduced. One of the 
results for capacitive switching is that these devices do not generally 
require resistors to meet the standard switch or breaker duty require
ments. This wide use of switching devices that do not employ resistors 
leads to a situation that makes for higher system transient voltages 
during capacitor switching. 

In the 1980's the use of switched shunt capacitor banks at 
higher and higher voltages continued to increase significantly. This 
increase in the number of applications coupled with the common 
practice of applying capacitor switching devices without resistors and 
the continual financial incentive to reduce equipment and system BIL 
levels led to a number of papers on these topics. For an historical 
perspective, references 2, 3, and 4 and their discussions provide sig
nificant insight into several of the application problems and into the 
switch design considerations associated with capacitor switching. 
References 5 to 12 give examples of the significant application con
siderations which were discussed over the last decade regarding this 

topic. 

In the remainder of this section, capacitor switching as it affects 
the power systems will be discussed, rather than as it affects the ca
pacitor installation itself. (It should be noted that other types of 
system events besides capacitor switching may result in similar tran
sient overvoltages on the system.) 

Normal Energizing 

In Figure 1 a transient voltage at a bus where a capacitor bank 
is being energized is illustrated. This is typical of energizing a single 
capacitor bank with no other capacitor bank connected to that same 
bus. This waveform shows the capacitor bank switch dosing at the 
peak of the voltage waveform. The bus voltage changes to the value 
of the trapped voltage on the capacitor bank in a very short time. In 
the normal case the voltage on a capacitor bank that is being ener
gized is zero. The voltage change generally occurs in a fraction of a 
microsecond to a few microseconds depending upon the inductance 
and the surge impedance of the system at that point. After this quick 
change in voltage occurs, the bus voltage attempts to recover to the 
normal 60 Hz value. It overshoots and approaches a value of two 
times the nonnal peak voltage resulting in an oscillatory transient 
that is determined by the system inductance and the capacitor bank 
capacitance. In evaluating the effect of this transient on the remain
der of the system, its key characteristics are the fast front surge that 
occurs initially and the oscillatory transient that follows. 




















