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Abstract 
 
This paper describes an actual incident 
which demonstrates how coupling capacitor 
voltage transformers (CCVT) transients 
caused overreach and tripped two 
microprocessor distance protection sets of a 
short 230 kV line.  The distance protection 
sets are of a different manufacture and they 
operated during line to ground flashover 
outside the line protection zone.  This 
generally supports concerns reported in the 
literature that CCVT transients can cause 
mis-operation of modern micro-processor 
type relays.    
 
The paper presents an overview of a CCVT 
design with a focus on the parameters that 
generate CCVT transients.  A brief 
explanation of how these parameters 
determine CCVT transients is then given.  
The effects of CCVT transients on distance 
relay performance are then analyzed.  
Details of the actual incident including the 
system structure, the incident description, 
and the investigation then follow. 
 
1.0 Introduction 
 
With the advent of solid state and 
microprocessor type relays, a concern has 
emerged about the sensitivity of these “fast” 
relays (typically one cycle operation) to the 
transients generated in the CCVT’s 
secondary.  CCVT’s consist of elements 
which store energy (capacitors and 
inductors) which cannot charge or discharge 
instantaneously.  This limits the CCVT’s 
ability to represent faithfully the primary 
voltage during transient conditions [1, 2]. 
The secondary voltage output of CCVT’s 
does not exactly replicate the primary 
voltage after a step change typically 
associated with fault conditions.  Distortion 
of the secondary output may be present for 
up to one cycle.     
 
This CCVT limitation to represent faithfully 
the primary voltage has been recognized 

before the introduction of solid state and 
microprocessor type relays.  It did not pose 
a concern as electromechanical relays with 
moderate operating speed have not been 
affected by CCVT transients.  Such 
transients can cause mis-operation of faster 
modern solid and microprocessor type 
relays [2].    
 
There is no standard that addresses the 
effects of CCVT transients on fast relay 
performance especially when they are 
applied to short lines.  ANSI C93.1 briefly 
mentions the test methodology for the  
measurement of CCVT transients along with 
the transient burden. On the other hand, IEC 
60186 provides a standard transient 
requirement that following a short circuit 
between the high voltage terminal and 
ground, the CCVT secondary voltage shall 
decay to less than   10% of the peak value 
prior to the short circuit.  This standard 
requirement is satisfactory for 
electromechanical relays applied on 
moderate line lengths and short circuit 
current. For short lines with low short circuit 
currents, or fast relays, there is no standard 
requirement that satisfies all installations.  
IEC 60044-5-2004, which supercedes IEC 
60186, provides more detailed transient 
requirements which however are still not 
related to the relay performance. 
 
Although CCVT transients can cause 
distance protection overreach, mis-operation 
due to overreach receives less attention 
since zone 1 is usually set to cover up to 
80% of the line and overreach can be within 
the line length [2].  The overall result is the 
line trip.  The incident highlighted in the 
paper demonstrates that the secondary 
transients coupled with the sensitivity and 
fast operation of the relay caused overreach 
and tripped the line.  
 
2.0 CCVT Structure 
 
CCVTs consist of two stacked capacitors C1 
and C2, a compensating reactor, a step 



down transformer, and a ferroresonance 
damping circuit.  A typical CCVT equivalent 
circuit is show in figure 1.  The function of 
the coupling capacitor is to reduce the line 
voltage to a typical 5 to 15 kV intermediate 
level that can be converted by the step down 
transformer to a secondary magnitude 
suitable for relays [3]. The compensating 
reactor is necessary to cancel the phase 
shift between the primary and the secondary 
voltages created by the coupling capacitors. 
 
The compensating reactor and the step 
down voltage transformer have iron cores 
with nonlinear characteristics that can 
combine with the capacitance to cause 
ferroresonance and consequent destructive 
over-voltage.  To suppress ferroresonance, 
a damping circuit which can be either of the 
active or passive type is added to the CCVT 
secondary circuit. The active ferroresonance 
suppression circuit figure 2A, consists of an 
LC parallel tuning circuit with a loading 
resistor tuned at the system frequency.  The 
passive equivalent design, figure 2B, 
consists of a permanently connected 
resistor, a saturable inductor, and an air gap 
resistor.  Under normal conditions, the air 
gap loading circuit is open.  Once 
ferroresonance oscillation occurs, the air 
gap resistor conducts and shunts the 
loading resistor and hence attenuates the 
oscillation.  Moreover, the saturable inductor 
Lf is also tuned to saturate at 150% of the 
nominal voltage to further attenuate the 
ferroresonance oscillation [3]. 
 
3.0 CCVT Transients 
 
CCVT transients fall into two categories: a) 
ferroresonance and b) electromagnetic 
oscillation due to the presence of energy 
storage elements mainly in the coupling 
capacitance and the compensating reactors.  
Ferroresonance is controlled by either the 
active or the passive damping circuits.  This 
paper focuses on the second category, 
electromagnetic transients, which affect the 
operation of microprocessor type relays.   
 
Both the capacitance and the inductor can 
not exchange energy instantaneously.  The 
time required for each to exchange energy is 
represented by a time constant.  The worst 
transients occur when a fault occurs at a 
peak voltage (thus shorting the primary 

voltage across the CCVT) or at a zero 
crossing of the primary voltage. 
 
CCVT elements and the system parameters 
interact during system transients.  As 
described in [2], an explanation of how the 
various CCVT parameters affect the CCVT 
transients generation is given. 
 
4.0 Effects of CCVT Transients on 

Distance Relays 
 
CCVT transients associated with voltage 
peak during wave fault initiation are 
expected to be worse than closing on zero 
voltage crossing as the voltage drop in the 
primary circuit is more severe.  This can be 
linked to the system to line impedance ratio 
(SIR).  High values of SIR lead to higher 
voltage drops and more severed transients. 
 
CCVT transient impact on distance relays 
can be categorized in the following ways: 
 

1. Operation Time 
2. Reach 
3. Stability 

 
These effects are explained in more detail 
as follows: 
 
4.1 Operation Time 
 
Distance relay operating could be delayed 
when the relay is supplied from CCVT’s 
susceptible to generating high transients.  
Typical operating times of microprocessor 
relays of one cycle may be doubled by the 
presence of CCVT transients. 
 
4.2 Reach 
 
CCVT transients may cause distance relays 
to either overreach or underreach depending 
on the severity of the fault condition. 
 
Overreach is not usually an issue as zone 1 
is normally set at 80% of the line length.  
This accommodates the overreach problem 
where the line is of sufficient length to make 
the zone 1 setting meaningful. 
 
If the line is short with a high SIR, overreach 
is an issue, as will be demonstrated in the 
next section of the paper. 
 



4.3 Stability 
 
CCVT transients may cause misoperations 
of forward reach distance relays for 
backward faults. 
 
5.0 Uthmanyiah Gas Plant (UGP) 

Blackout Incident 
 
5.1 UGP Power System Configuration 
 
UGP is a Saudi Aramco Oil Company (Saudi 
Aramco) facility located in the Eastern 
Province of Saudi Arabia.  UGP is fed by 
two short (approximately 2 km) 230 kV lines, 
(A and B), from the Faras Power Plant 
breaker and half configuration substation 
which is part of the Saudi Electric Company 
(SEC) power system.  The two lines 
terminate in an inverted pi configuration at 
UGP, as shown in figure 3. 
 
Each line is protected by two sets of 
distance overreach protection (from different 
manufacturers) with zone 1 set at 80% of 
the line impedance.  Both sets are fast 
microprocessor impedance type relays with 
typical operating times of less than a cycle. 
The two protection sets of each line are fed 
from dedicated current transformers but 
share a common CCVT.  
 
5.2 Incident Description 
 
On June 20, 2002, a phase B to ground 
flashover occurred on breaker A-702 at 
Faras Power Plant (an incomplete bay with 
only one line feeding UGP).  The fault was 
properly isolated by both sets of bus 2 
protection at Faras.  As a result, Faras Bus 
2 along with line A tripped legitimately.  This 
should not have impacted UGP operations 
since line B with the normally closed 230 kV 
bus tie breaker at UGP was adequate to 
supply the required power.  
 
During the fault incident, zone 1 of both line 
B distance relays at UGP operated tripping 
line B.  This was an incorrect operation 
since the fault was outside the line zone.  
The trip of line B caused a blackout at UGP. 
 
It is worth mentioning that the line A 
distance relays at UGP with identical 
settings did not operate as the fault was 
outside the zone.  This was a correct relay 

decision.  Therefore, the investigation 
focused on the misoperation of the line B 
distance relays. 
 
5.3 Incident Investigation 
 
A team was formed to investigate the 
incorrect trip of the line B distance relays.  
After verifying all settings and connections, 
the team examined the input parameters 
which caused the relays to trip.  After 
extensive and detailed analysis of the 
various fault parameters, including the 
digital fault recorder (DFR) current and 
voltage waveforms captured during the 
incident, it was concluded that the zone 1 
trip of the line B distance relays was caused 
by the transient response of the CCVT. 
Both line B relays share the same CCVT 
which explains why both the primary and 
the secondary relays mis-operated.  On the 
other hand, the line A CCVT exhibited less 
severe transient response that did not 
cause mis-operation of the associated 
relays.   
 
Figure 4 shows waveforms of lines A and B 
ground current contributions at UGP end 
captured by the digital fault recorder during 
the fault.  As can be seen, both 230 kV lines 
contributed almost equal fault currents to 
the flashover at Faras Power Plant.  This is 
expected since UGP is supplied via a 
double circuit tower.  Line A contributed 
slightly higher current due to minor 
variations in the circuit parameters. 
 
Analysis of the CCVT voltage output data 
captured by the DFR at UGP, figure 5, 
shows that the flashover occurred at a peak 
of phase B voltage waveform.  Immediately 
after the flashover incident, the CCVT 
associated with line B experienced worse 
amplitude and frequency transients than 
that of line A.  Both CCVT outputs 
converged as expected after transient 
decay.  Although both CCVTs were 
subjected to the same step change in the 
voltage, there was a significant difference in 
the transient response of the CCVT’s.  The 
differences are predictable when design 
and manufacturing tolerances are 
considered. 
 
Calculation of the fault impedance based on 
the CCVT outputs is interesting and explains 



the mis-operation of the protection.  Figure 6 
shows the reactance impedance for both 
lines A and B during the transient response 
time of the CCVT’s as calculated from the 
output data.  Line B impedance dropped to 
approximately zero during the transient 
response period.  This was less than the 
zone 1 settings and resulted in triggering of 
both relay sets and tripping the line.  The 
line A impedance remained outside the 
associated relays zone 1 settings and 
consequently did not trigger the relays. 
Figures 7 and 8 show the associated R-X 
diagrams and impedance trajectories of 
lines B and A, respectively demonstrating 
the relay performance during the fault. 
 
5.4 Fault Parameters Playback 
 
To support the analytical analysis, a 
simulation test was conducted. The 
captured digital fault recorder data of each 
line was transferred to comtrade format for 
playback into the relays.  When injected into 
the relays, line A voltage and current 
waveforms did not cause any operations; 
however, line B fault data caused mis-
operation of both the line relays.  This 
supports the analysis.   
 
6.0 Conclusion 
  
1 CCVT transients can cause distance 

protection overreach of more than 20% 
of the line. 

     
2 Modern digital distance relays are 

sensitive to CCVT transient response 
and their applications to short lines 
requires careful evaluation.  
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Figure 2: Ferroresonance Circuit Designs 
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Figure 3: UGP/Faras Substation Diagram  
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Figure 4: Phase B ground fault contributions of lines A and B 
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Figure  5: Bus 1 and 2 voltage profile during the flashover  
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Figure: 7: Line B impedance trajectory  

Figure  8: Line A impedance trajectory  


