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ABSTRACT 

Due to the development of power electronics technology, 
the properties of various devices connected to existing 
power system has changed rapidly in recent years. In 
particular, PCS, which is the main attached equipment of 
ESS for seamless grid connection of renewable energy, 
operates power semiconductors (eg; IGBT, MOSFET) at 
high speed. The magnitude and frequency characteristics 
of the harmonics generated at this time are much more 
complex than the harmonics generated by the 
conventional passive load. Therefore, the existing 
protection relay system is affected by the characteristics 
of the new harmonics. In particular, the ground fault 
protection of the GVT based ungrounded system is more 
adversely affected. Therefore, in order to cope with such 
a problem, it is necessary to examine from the initial 
design of the system. This paper analyzes the effect of 
harmonics generated from PCS on ground fault detection 
of ungrounded system and analyzed it through computer 
simulation. 
. 

INTRODUCTION 

The rapid increase of greenhouse gases (eg; CO2, CH4, 
SF6), which is a global problem in recent years, has 
resulted in an increase of the global average temperature 

from the 1980s to the present by 0.9 [℃] [1]. In order to 
respond to this climate warming problem, various 
international agreements are being made. In the case of 
Korea, it is necessary to reduce global warming gas by 37% 
by 2030 [2]. These changes have led to changes in 
various engineering fields, and a representative change 
from the power system perspective is the introduction of 
renewable energy. However, there is a problem that the 
output of the renewable energy is almost impossible to 
control, which causes difficulty in actual operation. To 
respond effectively to these problems, the introduction of 
Energy Storage System(ESS)  has begun. ESS can be 
installed in both transmission and distribution systems. 
However, in general, the utilization of facilities is 
evaluated to be the highest when installed near the 
load[3]. In Korea, a total of 1.8 [GWh] ESS was newly 
installed in the first half of 2018[4]. 
ESS consists of Battery and Power Conditioning System 

(PCS). PCS switches the power semiconductor such as 
IGBT or MOSFET at high speed to charge or discharge 
electrical energy. Harmonics are inevitably generated in 
this process. Due to the electrical characteristics of the 
harmonics, zero sequence harmonics are present, which 
adversely affects the protective relay based on the zero 
sequence voltage and current. In Korea, many industry 
sites apply ground fault detection method using 
Grounded Voltage Transformer (GVT). GVT is intended 
to measure the partial zero sequence voltage of 
fundamental frequency of the system. However, GVT has 
problems such as erroneous measurement, malfunction of 
protection relay, overheating of equipment due to zero 
sequence harmonics generated by PCS (eg; 3rd and 9th  
harmonics) It causes. Therefore, care must be taken when 
installing the ESS in a ungrounded system. 

BASIC DESCRIPTION FOR HARMONICS 

Harmonics are a mathematical way of describing 
distortion to a voltage or current waveform. The term 
harmonic refers to a component of a waveform that 
occurs at an integer multiple of the fundamental 
frequency[5]. 
Equation (1) can be formally expressed. 

 
�(�) = ∑ ��

	
�
� ∙ sin	(���/�)      (1) 

where 
 

f(t) is the time domain function(voltage or current) 
n is the harmonics number(only odd values of n are required) 
An is amplitude of the nth harmonics components 
T is the length of one cycle in seconds 

 

However, in addition to basic harmonics, interharmonics 
has also become a big problem in recent years. The 
definition of interharmonics is shown in Table 1, and it 
mainly occurs in power electronics equipment such as 
PCS, power-line communication equipment[6] 
 

TABLE 1 
MATHEMATICAL DEFINITIONS OF INTERHARMONIC 

Item Definition 
Harmonic f = h*f1, where h is an integer > 0 
DC f = 0Hz(f = h*f1, where h=0) 
Interharmonic f ≠ h*f1, where h is an integer > 0 

Sub-harmonic 0 < f < f1 
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* where f1 is the fundamental power system frequency 
 
The effect of interharmonics is similar to existing 

harmonics, but there is a big difference in the 
measurement of electricity [7]. In particular, low 
performance DFT computation based instruments can 
lead to greater measurement errors. 

BASIC DISCRIPTION FOR GROUND FAULT 
PROTECTION OF UNGROUNDED SYSTEM 

There are various protection schemes of ungrounded 
protection system. However, in the actual field, the 
method using GVT and ZCT is applied as shown in 
Figure [1] for minimizing the blackout. One GVT is 
generally applied, and the output of the GVT provides an 
zero sequence voltage common to all Selective Ground 
Relays (SGRs) in the system[8] 
 

 
Fig. 1 Grounding method of ungrounded system 

 
The detailed configuration of the GVT is shown in Fig. 

2, and the zero sequence voltage and phase voltage are 
independently obtained. Current Limit Resistor(CLR) is 
an essential element that plays a role of limiting current 
and preventing ferroresonance in GVT. 
 

 
 

Fig. 2 Detailed configuration of GVT and 
 Route of zero sequence voltage and current 

 

PROBLEMS THAT OCCUR WHEN THE PCS 
IS CONNECTED TO A UNGROUNDED 
SYSTEM 

The distribution system with PCS directly connected to 
the ungrounded system without the interconnection 
transformer actually has an invisible stray capacitance 
component. These circuit conditions provide a route 
through which the zero sequence harmonics generated by 
the PCS can travel. Figure (2) shows these circuit 
conditions. 
 
Stray capacitance, which is the main cause of the 

problem, may be various factors such as filter capacitors, 
surge absorbers, capacitors between conductors and earth 
inside the PCS. 
 
In other words, as shown in Fig. 3, the following 

problems occur due to the zero sequence harmonics. 

① Overheating and burnout of CLR 

② Increased risk of fire inside panel due to overheating 
of CLR 

③ IED malfunction due to wrong measured values 

④ Increase possibility of GVT ferroresonance 

In particular, the problems ① and ② are very direct 

problems. Therefore, the interpretation is necessary. 
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MODELING AND SIMULATION 
Based on Figure 3, we implemented the modeling as in 

Appendix 1, and the tool used is PSCAD / EMTDC. 
Harmonic currents flowing in the CLR of the GVT were 
considered by dividing the position of the parasitic 
capacitors into DC-Link, and PCS-output. Figure 3 ~ 7 
are shown in Table 2. 
 

 
Table 2 

Operation condition of PCS 
 Mode Output 

[MW] 
DC-Link 

Stray Cap [uF] 
Fig. 3 PCS No-operation 
Fig. 4 Discharge 0.5 5 
Fig. 5 Charge 0.5 5 
Fig. 6 Discharge 1.0 5 
Fig. 7 Discharge 0.5 1 

 
 

 
Fig. 3 Simulation Case 1 

 
 

 
Fig. 4 Simulation Case 2 

 

 
Fig. 5 Simulation Case 3 
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Fig. 6 Simulation Case 4 

 

 
Fig. 7 Simulation Case 5 

 
Comparing Figures 4 and 5, it can be seen that there is 

little difference between charging and discharging, and 
the magnitude of harmonics applied to the GVT is 
proportional to the output size (Figure 6). The size of the 
stray capacitors distributed in each part also affects 
(Figure 7) 
 

CONCLISION 

PCS connection operation of ungrounded system is 

analyzed in terms of harmonics. It is confirmed that the 
simulation results agree with the actual problem. As a 
result of analysis, we confirmed that various factors 
affect the harmonic size of GVT. 
Methods to reduce these adverse effects include 

increasing the wattage of the CLR resistors, adjusting the 
various parasitic capacitors in the system, and adding 
interconnection transformers. But, adjusting the parasitic 
capacitors is actually a very difficult way. In reality, it is 
the most reliable way to control the video circuits by 
adding a interconnection transformer between the PCS 
and the system. 
In conclusion, it is necessary to review the grounding 

method and the protection scheme from the early stage of 
the design. 
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Appendix 

 


