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Abstract: Partial Discharge (PD) measurement is one of the main methods for condition monitoring of Gas Insulated 

Switchgears (GIS). Internal Ultra High Frequency (UHF) sensors can be applied for capturing PD propagated 

electromagnetic signals within the GIS. PD sensor placement inside the GIS is one of the main challenges for designing 

an online PD measuring system. For this aim, the impacts of different GIS components on propagated PD electromagnetic 

waves should be studied. In this paper, different PD sensor position angles (with respect to PD sensor) are used to 

investigate their sensitivity to measuring PD electromagnetic waves. Two distinguishable parameters from the calculated 

PD electromagnetic waves, the first rated electric field and the signal’s power over the two frequency ranges (0.3-2 GHz 

and 0.3-3 GHz) are used to analyze and quantify the calculation results. The impacts of different enclosure diameters, 

different types of spacers, and various disconnector contact gap distances (under different voltage levels) on this wave 

propagation are studied. Additionally, the two standard GIS busbar profiles, named L-shape and T-shape, are discussed 

in this paper. The results show that the attenuation degree of the measured PD EM waves is strongly influenced by the 

busbar dimensions and the configuration of its components. The GIS busbar designer can employ these results to select 

the proper PD sensors and their installation locations. 

Keywords: Gas insulated switchgear, partial discharge, ultra-high frequency measurements, electric field and electromagnetic 

wave.  
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1. INTRODUCTION 

Ultra-High Frequency (UHF) Partial Discharge (PD) 

measurement is one of the most proper approaches to 

detecting defects within gas-insulated switchgear (GIS) in the 

early stages. Many studies have used this method in recent 

years [1-4]. In general, these research studies can be classified 

into the design and manufacturing of various UHF couplers 

and measuring systems, the PD location within GIS, and the 

identification of PD defect types and the degree of PD fault 

progress within the GIS. 

One of the main challenges in using the UHF PD 

measurement technique in high voltage equipment is 

selecting a criterion for severity analysis of the measured PD. 

CIGRE working group D1.25 has proposed two steps for 

sensitivity verification of UHF PD measurement in GIS [5]. 

The CIGRE report aims to compare the measured PD 

magnitude from the UHF method with the conventional 

IEC60270 method. Many items can influence the PD signal 

measured with the UHF method. [7] proposed a hybrid 

method in which UHF PD detection is used to detect the PD 

discharges (due to its higher sensitivity), and IEC 60270 

measure is used to determine its severity. These items can be 

summarized as the type of defects, the location of defects in 

GIS enclosure, propagation parameters like reflection, 

refraction, attenuation, the PD sensor position within GIS 

enclosure which can result in various signal transmission 

paths based on the PD defect position, the type of sensor 

employed and its transfer function, and finally, the 

characteristics of other measurement paths from sensors to a 

monitoring system. Although the CIGRE publication has 

proposed a preliminary recommendation for sensitivity 

verification of UHF PD couplers in GIS, new studies are 

under way to develop a major solution for UHF PD 
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measurement. To address this concern, first, the impacts of 

each part of GIS on the attenuation of electromagnetic PD 

signals should be determined. This could also help to 

determine the number of PD UHF couplers and their positions 

within each bay of GIS. The electromagnetic waves produced 

by a PD in GIS coaxial structure have three different modes, 

namely, TEM, TE, and TM [6]. The cutoff frequency of each 

electromagnetic mode depends on the dimension and 

constructional characteristics of the enclosure and the 

conductors in a GIS [8]. The EM mode components propagate 

through straight, L-shape, and T-shape structures of GIS, 

which are investigated in [9-12]. In other researches, the 

effects of different parts of a GIS on EM wave propagation 

have been investigated. In [13], the effect of two kinds of 

spacers, bush type, and metal flange type is investigated on 

EM PD wave propagation within GIS. In [14], the 

electromagnetic wave propagation within the GIS enclosure 

is examined, and the effects of the insulated gas barrier on the 

attenuation of EM waves have been analyzed. The Finite 

Difference Time Domain (FDTD) method has been applied 

by the authors to simulate the PD electromagnetic wave 

behavior in a GIS straight configuration. Also, in [15], the 

authors have analyzed the effects of gas barrier properties, 

including its thickness, dielectric constant, and the spacing 

between adjacent bolts and the profile of its flanges on the 

electromagnetic PD wave leakage. In [8, 16], the authors have 

explored the effects of main GIS conductor discontinuity 

(such as the disconnectors discontinuity) on PD EM waves 

detected by the UHF sensors. Also, in [17] some experiments 

have been carried out on 66 kV and 154 kV T-shape GIS 

structures to investigate the PD EM wave mode of 

propagation through the GIS coaxial structure. In [18], the L-

branch structure of 66 kV GIS has been selected to examine 

the attenuation implemented into PD EM waves in the TEM 

and TE modes. 

Although extensive research has already been carried out 

on the effects of different parameters on PD EM wave 

propagation within GIS, more studies are still required on 

optimum placements of PD UHF sensors when using 

different busbar arrangements and under various voltage 

levels. One of the main difficulties in the evaluation of the 

results of PD EM wave propagation within GIS is the 

differences that exist among the wave shapes and amplitudes 

of the PD discharge pulses captured in each PD occurrence. 

Meanwhile, many parameters may have an impact on the 

measured PD EM waves, and it is very difficult to explore the 

exact effect of each one of them on the captured PD EM 

waves originated from different PD sources. Hence, to solve 

these problems, in this paper, a simulation model of GIS is 

developed in CST Microwave Studio software to study the 

effects of different parameters on PD EM wave behavior 

while a standard wave shape of PD is applied to the model. 

Therefore, first, the position of the UHF sensors with respect 

to the PD source location is determined. Then, the impacts of 

different enclosure sizes are investigated under various rated 

voltage levels of GIS. The effects of different parameters of 

the spacer, such as its thickness and type (i.e., in the form of 

barrier or support insulator), are studied. Then, the effects of 

disconnecting contacts (such as circuit breakers or 

disconnector contacts with various gap distances under 

different voltage levels) are analyzed. Additionally, the L-

shape and T-shape GIS and their structural impacts on the 

propagation of PD-based EM waves are investigated. 

2. SIMULATION MODEL 

2.1. Straight Structure 

The CST Microwave Studio software is chosen to study 

PD-based EM wave propagation within the GIS model. At the 

first step, a straight GIS structure model is selected for the 

study. The impacts of the UHF sensor position with respect 

to the PD source position, the enclosure diameters, the spacer 

types, the contact thicknesses, the disconnector contact gap 

distance on the PD-related EM wave propagation (Fig. 1) are 

studied. 

The length of the straight structure in this GIS sample is 

about 4.22 m. Its five compartments are considered to have a 

straight structure GIS model, while the length of each gas 

compartment, numbered 1 to 4, is 1 m, and the compartment 

number 5 is 20 cm long.  

 

 

Fig. 1: Straight structure model of GIS in CST software. 
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The main conductor is made of aluminum. The material 

of the spacer insulator is epoxy resin with a thickness of 2 cm. 

At the two ends of the structure, two flanges with a thickness 

of 2 cm and the same diameter as the GIS enclosures are 

fitted. As it is shown in Fig. 1-c, three UHF PD probes (probe 

A, probe B, and probe C) are located at angles of 0°, 180°, 

and 90° versus the PD source (in GIS enclosure), 

respectively. Each probe is placed at the middle of the related 

compartment length while the PD source is located near the 

GIS main conductor along the probe-A in the middle of 

compartment 1. 

In each compartment, there are three UHF probes located 

in the abovementioned direction angles with respect to the PD 

source. The PD current wave shape is a gaussian current pulse 

of 1 ns width and 15 mA amplitude representing 5 pc charge 

of PD (Fig. 2). 

To study the difference between the effects of a barrier 

insulator and a support insulator on PD EM wave 

propagation, two types of support insulator, one with three 

holes and the other with four holes, are employed (Fig. 3). 

Each hole has a diameter of 4 cm and is located in a 

symmetrical position with respect to the main conductor. To 

investigate the effects of the disconnector gap distance on 

PD-based EM wave propagation, a gap distance is 

implemented along the main conductor of compartment 2 

(having a straight structure) (Fig.4). The length of its gap 

varies from 10 cm to 30 cm. 

 

Fig. 2: The PD current gaussian wave shape. 

 

Fig. 3: Different types of support insulator as a spacer in the 

model, (a) with three holes, and (b) with four holes. 

2.2. L-Shape Structure 

Four gas compartments of the L-Shape structure are 

implemented to the GIS busbar in these studies. The diameter 

of the enclosure is 40 cm, and the length of each compartment 

is 1 m. In each compartment (chamber-bay), as in the straight 

structure model, three electric field probes are located at 

angles of 0°, 180°, and 90° with respect to the PD source 

position. The PD source is located in the middle of 

compartment 1, and the other dimensional parts of the model 

are the same as that of the straight model (Fig. 5). 

2.3. T-Shape Structure 

Six gas compartments are employed in the T-Shape 

structure model, and the length of each compartment is 1 m 

(Fig. 6). The PD source is placed in the middle of 

compartment 1. All of the other features of the model are the 

same as the straight structure model. 

3. SIMULATION RESULTS AND DISCUSSION 

The simulation results obtained from electric field probes 

are shown in Fig. 7 in which the time-domain and frequency-

domain PD calculated signal can be seen. The time 

differences of signals arrival, among the different installed 

probes (due to their distances from the PD) can be seen. 

As it is evident, a lot of distortions exist in both the time-

domain and frequency-domain captured signals. These 

distortions are due to reflections and refractions of PD EM 

waves within the enclosed metal enclosure of the GIS model. 

The first peak value of the signal in the time domain and the 

power of the signal in the frequency domain are selected as 

criteria to analyze and compare the different measurement 

results of PD signals under a specific condition. The UHF 

range of frequency is from 300 MHz to 3 GHz. However, in 

most commercial UHF antennas of PD measuring systems in 

GIS, the signal measurement frequency is limited to 2 GHz. 

Accordingly, two ranges of spectrum are chosen for signal 

power measurement in the frequency domain. Therefore, in 

each scenario, the following three parameters have been 

compared: 

a- Emax: First peak of calculated electric field 

b- PI: the power of the signal in frequency ranges between 

300 MHz to 3 GHz. 

c- PII: the power of the signal in frequency ranges between 

300 MHz to 2 GHz. 

As it is stated in the previous section, three probes with 

directions of 0°, 180°, and 90° with respect to the PD source 

position (probe A, probe B, and probe C, respectively) are 

considered. Hence, the differences between the results 

obtained from each one within the same compartments will 

be analyzed.  

In Fig. 8, the electric fields calculated by these three 

probes are presented. The peak value of the electric field in 

each probe is per-united based on the value calculated by 

'probe A' within compartment 1. 

As it can be seen, the value of 'probe A' in compartment 1 is 

maximum due to the direct passage of the PD EM wave along 

with this probe. While 'probe B' and 'probe C' have values 

close to each other, which is about 0.3 with respect to the 

b) Support Insulator with 4 Holes 

a) Support Insulator with 3 Holes 
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'probe A' calculated value. Considering the values of 'Probe 

A' in compartments 1 to 5, it can be seen that except 

compartment 1, the other compartments have calculated 

values that are the same as each other. Also, this can be seen 

for 'probe B' and 'probe C' in compartments 1 to 5. 

Fig. 9 depicts a comparison between the power of signals 

PI and PII in the two different frequency ranges. When 

comparing the values of these signals calculated by 'probe A', 

'probe B', and 'probe C' in compartment 1, a significant 

reduction in signal power can be seen in 'probe A' versus the 

two other probes. However, the difference between powers 

calculated by 'probe A' and 'probe C' is more than the related 

difference of ‘probe A’ and 'probe B'. This is because of 90° 

direction angle of 'probe C' versus the PD source. The other 

important note in Fig. 9 is that the calculated values of the 

three probes in compartment 5 are increased versus the 

calculated values of the probes in the other compartments. 

This is due to the position of compartment 5, which is at the 

end of the employed GIS model. At the end of the model, the 

reflections of EM waves are intense, and these reflections 

contain a higher order of frequencies, which are more than 2 

GHz. Therefore, the calculated values of probes in 

compartment 5, as shown in Fig. 9, are not higher than those 

in the other compartments. When comparing these against the 

results shown in Fig. 8, it can be seen that the calculated 

values of 'probe C' are significantly lower than the calculated 

values of 'probe A' and 'probe B'. Since in practice under the 

PD occurrence within the GIS, the position and direction 

angle of PD occurrence with respect to the PD sensor position 

within a compartment is unspecified, 'probe C' (the worst 

case) is selected for following the investigations. 

 
Fig. 4: The model of disconnector contacts in compartment 

2 of the straight structure model. 

 

Fig. 5: The L-Shape structure of the model. 

 

Fig. 6: The T-Shape structure of the model. 

 
(a) 

 
(b) 

Fig. 7: Calculated PD EM wave with electric field probes:  

(a) Time-domain electric field, and (b) Frequency domain 

electric field. 
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Fig. 8: Calculated electric field first peak in three sets of 

probe number 1. 

 

 

Fig. 9: The calculated signal power with frequency 

ranges 0.3-2 GHz and 0.3-3 GHz in three sets of probe 

number 1. 

 

 
Fig. 10: The effects of different enclosure diameters on the 

first peak of the calculated electric field. 

3.1. Effects of GIS Enclosure Diameters 

Different voltage levels of GIS result in various sizes of 

enclosures. Multiple diameters of enclosures, i.e. 30 cm, 40 

cm, 50 cm, and 60 cm, are selected to examine the effects of 

enclosure dimension on the propagation of PD EM wave. In 

this case, as the optimum design for a cylindrical GIS system, 

the diameter of the enclosure is considered 2.73 times the 

diameter of the main conductor [19]. Fig. 10 shows the 

electric fields calculated with 'probe C' in the five 

compartments (and for four diameters of the enclosure). 

The electric field value for each probe is per-united based 

on the calculated value of 'probe C' in compartment 1 of 30 

cm enclosure diameter. 

As can be seen in Fig. 10, as the diameter of the enclosure 

increases, the calculated electric fields of each probe 

decrease. This is due to an increase in the distance of the PD 

source and the measurement probes; i.e., as the diameter of 

the enclosure increases, the length of the travel path for the 

PD-based EM wave signals will be enhanced. Although for 

each specific size of the enclosure, when the signal is passing 

compartment 1, the amplitude of the calculated PD signal 

decreases. There is a little difference between the calculated 

values located in an enclosure of 40 cm diameter with respect 

to a 60-cm enclosure for each probe. 

Fig. 11 displays the calculated power of the signal in 

frequency ranges from 300 MHz to 3 GHz and from 300 MHz 

to 2 GHz for different enclosure diameters. The signal power 

calculated in an enclosure of 30 cm diameter is more than the 

values calculated in the enclosures of other diameters. The 

calculated values by each probe located inside an enclosure 

of 40 cm diameter is almost half of the one located inside an 

enclosure of 30 cm diameter. However, the calculated values 

of probes in enclosures of 50 cm and 60 cm diameter are 

almost the same. 

Therefore, it can be concluded that by increasing the 

enclosure diameter to over 40 cm, the signal power in the 

frequency range from 300 MHz to 2 GHz remains unchanged, 

and the distance from the PD source has no significant effect 

on the sensitivity of the PD measurements. Meanwhile, there 

is a significant difference among the calculated power of the 

signal in different compartments in frequency ranges of 0.3-

2 GHz and 0.3-3 GHz. As it can be seen in Fig. 11, the 

calculated power of the signal in each compartment in the 

frequency range of 0.3-2 GHz is almost half of the related 

calculated value in the frequency range of 0.3-3 GHz. 

3.2. Effects of GIS Spacer 

The presence of a spacer within the structure of a GIS 

and its effect on PD-based EM wave propagation can be 

studied from two points of view. In one study, the spacer 

thicknesses, and in the second, the type of the spacer is 

investigated. Different manufacturers may employ different 

spacer thicknesses under different operating voltage levels. 

To analyze the impacts of gas barrier spacer thickness, the 

spacer with thicknesses of 2 cm, 3 cm, 4 cm, and 5 cm are 

investigated. The simulation results show no significant 

differences between the peaks of the electric field calculated 

using the different probes. Fig. 12 displays the power of the 

signal in the frequency ranges of 300 MHz to 3 GHz and 

300MHz to 2 GHz. The magnitude of wave presented in this 
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figure is in per-unit with reference to the 'probe C' of 

compartment 1, which calculated magnitude of 2 cm spacer 

thickness. The signal power calculated by probes, located in 

different compartments probe, is increased slightly as a 

function of the spacer thickness increment change. However, 

the spacer thickness affects the PD-based EM wave 

propagation negligibly in the frequency range of 0.3-2 GHz. 

There are two types of spacers within the GIS structure: 

the gas barrier and the support insulator. With a gas barrier, 

the gas inside the two adjacent compartments cannot flow 

through the barrier. However, when a support insulator is 

employed, the gas between the two adjacent compartments 

can move through this insulator (Fig. 13). 

A support insulator usually has three or four holes in its 

structure. Fig. 14 presents the signal power of PD-based EM 

wave propagation when different types of spacers are used. 

As can be seen, the signal power of UHF probes in the 

frequency range of 0.3-3 GHz is almost 60 percent of the 

power of an identical probe in the frequency range of 0.3-2 

GHz. Also, in the frequency range of 0.3-3 GHz, the signal 

power of probe 5 is more than that of probe 4. This is due to 

reflections of PD-based EM waves at the end of the structure 

model. 

However, in the frequency range of 0.3-2 GHz, the signal 

power decreases as one gets far away from the PD source, and 

the difference between the three types of the spacer is 

negligible. This means that the reflected wave from the end 

of the straight model has more components in the frequency 

range of 2-3 GHz. Finally, it can be concluded that each probe 

in the straight structure of GIS with different spacer types can 

cover at least 5 m for both PD localization and pattern 

recognition purposes. 

3.3. Effects of Disconnector 

As is shown in Fig. 4, a disconnector is considered at 

compartment 2 of the straight GIS model. The electric fields 

calculated by probes 1 to 5 are shown in Fig. 15. The distance 

between contacts of the conductor is varied from 10 to 30 cm. 

The first peak of the electric field is in per-unit of 'probe 1-C' 

peak. By increasing the contact distance of the disconnector, 

the decrement of the electric field peak will rise. In Fig. 16, 

the signal power in the frequency range of 0.3-2 GHz is 

almost the same for different contact distances of the 

disconnector. As a result, although the disconnect gap has no 

significant effects on PD-based EM wave signal power, it can 

result in a considerable reduction in the first peak of the 

calculated electric field. Since the PD localization within GIS 

is based on the time arrival difference of first electric field 

peaks to different sensors, this can result in errors in the 

estimation of the PD source position. Therefore, it is better to 

apply PD sensors beside each disconnector’s contacts in a 

GIS arrangement to ensure high accuracy in analyzing the 

results. 

3.4. Effects of L-Shape Structure 

The L-Shape structure used in this study is shown in Fig. 

5. In each compartment, except for compartment 3, one set of 

electric field probes is located in the middle of the 

compartment. The positions of these electric field probes 

around the periphery are in direction angles of 0, 180, and 90 

degrees with respect to the PD source position. In 

compartment 3, two sets of electric field probes are located, 

one in the straight part of PD occurrence (probe 3) and the 

other farther after the L-shape structure (probe 4). The 

calculated first peak of the electric field is shown in Fig. 17. 

The calculated electric field peak of probe 4, in comparison 

to the probe 3 measurement, is significantly lower. Fig. 18 

depicts the power of the signal calculated in the frequency 

ranges of 0.3-2 GHz and 0.3- 3GHz. 

The signal power in the frequency range of 0.3-2 GHz 

decreases with a steady gradientgradient. However, the signal 

power decrement rate, when the probe is relatively far from 

the PD source (i.e., in probe 4), is much higher than this 

decrement rate for the other probes. 

 
Fig. 11: The effects of different enclosure diameters on 

signal power in the frequency ranges of 0.3-2 GHz and 0.3-3 

GHz. 

 
Fig. 12: The effects of barrier thickness on signal's power in 

the frequency range of 0.3-2 GHz and 0.3-3 GHz. 

 
Fig. 13: Two types of spacers including (a) gas barrier, and 

(b) support insulator. 
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Fig. 14: The effects of spacer types on signal power in the 

frequency ranges of 0.3-2 GHz and 0.3-3 GHz. 

 

 
Fig. 15: The effects of disconnector contact distance on the 

first peak of the calculated electric field. 

 

 
Fig. 16: The effects of disconnector contact distance on 

signal power in the frequency ranges of 0.3-2 GHz and 0.3-3 

GHz. 

 
Fig. 17: The effects of L-shape structure on the first peak of 

the calculated electric field. 

 
Fig. 18: The effects of L-shape structure on signal power in 

the frequency ranges of 0.3-2 GHz and 0.3-3 GHz. 

Therefore, it can be concluded that the high-frequency 

components of the signal cannot pass through the L-shape 

structure section of the GIS. However, the decrement of the 

signal's power in a frequency range of 0.3-3 GHz is not 

related to the L-Shape structure, and it is the result of getting 

far from the PD source. As a result, although the signal power 

in these frequency ranges is almost steady for different probes 

in the L-shape structure, the calculated first peak of the 

electric field experiences a significant reduction after passing 

through L-shape part of the structure. This can have some 

effects on analyzing the calculated results, especially when 

PD is localized. Hence, it is better to have PD sensors in both 

L-shaped sections of the GIS structure. 

3.5. Effects of T-Shape Structure 

Fig. 6 shows the T-shape structure, which is employed to 

study PD-based EM wave propagation. In each compartment, 

except for compartment 3, one set of electric field measuring 

probes are applied just in the middle of the compartment. The 

position of the electric field probes is in direction angles 0, 

180, and 90 degrees based on the PD source position. In 

compartment 3, like the L-shape structure, two sets of electric 

field probes are considered – one set in a straight direction 
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(probe 3) and the other in the T-branch indirect line (probe 6) 

with PD source. The probes marked number 7 are placed in 

compartment 6. In Fig. 19, the first peak of the electric field 

calculated on the capture of the PD-based EM wave is shown. 

By comparing the results of probes 4 and 6, the decrement of 

the signal peak in the T-branch section is shown to be more 

than that in the straight section. As a function of the distance 

increment of the UHF probe from the PD source position, the 

electric field peak is decreased. Fig. 20 shows the variations 

of power of the signal in the frequency ranges of 0.3-2 GHz 

and 0.3-3 GHz. As can be seen, the PD-based EM waves after 

passing through the T-branch section of the structure lose the 

high and low frequency of their powers. However, the power 

decrement in the frequency range of 0.3-3 GHz is more than 

the power decrement in the frequency range of 0.3-2 GHz. 

The reason is that when the PD-based EM waves are crossing 

a GIS T-structure, only the TEM mode of those signals will 

pass through while most of the TE mode of signals will be 

lost. As can be seen, the power of the signal in probe 7 is less 

than half of the power calculated by probe 1 in the frequency 

range of 0.3-2 GHz. Therefore,  

when passing through the T-branch GIS structure, PD EM 

waves can lose both their signal power and their calculated 

first electric field. However, in the straight branch of the T-

shape structure, there are no significant changes in the signal 

power, while a 50% decrement is seen in the first peak of the 

calculated electric field. Accordingly, for both PD 

localization and distinguishing defect type purposes, a PD 

sensor should be located in the T-branch of the GIS structure. 

4. SUMMARY AND CONCLUSION 

The GIS busbar components and structure have impacts 

on the calculated values of PD EM waves and the signals 

captured by UHF sensors. Accordingly, this paper examines 

the impact of the position and direction angle of PD sensors 

versus different PD sources on the calculated signals. It is 

shown that the PD sensors having a direction angle of 90 

degrees versus the PD source have the lowest sensitivity 

regarding the PD signal measurements. Also, the following 

five conclusions have been investigated and verified: 

1- It is shown using the calculation results that as the 

enclosure diameter is increased, the size of the first peak of 

the PD signal (electric field) is reduced. However, the signal 

power in the frequency range of 0.3-2 GHz encounters a small 

change when the enclosure diameter is increased. 

2- It is also shown using the calculation results that the 

spacer thickness has a small impact on the size of the first 

peak of the electric field and the signal power in the frequency 

range of 0.3-2 GHz. Also, it is shown that the spacer type (i.e. 

a gas barrier or support insulator with three or four holes) has 

small effects on the EM-related PD calculated signal. 

Therefore, each probe in the straight structure section of GIS 

(with different spacer types) can cover at least a distance of 5 

m for both PD localization and pattern recognition purposes. 

3- The variations in the size of a disconnector gap 

distance (at different operating voltage levels of a GIS) affect 

the PD-based EM wave propagation process. As its contacts 

gap increases, the size of the first peak in its electric field 

reduces. However, the signal power in the frequency range of 

0.3-2 GHz is much less influenced by contact gap distances. 

Hence, for PD localization purposes, it is better to apply a PD 

sensor after each disconnector contact in the GIS 

arrangements. 

4- The L-shape structure of GIS can result in a significant 

reduction in the calculated first peak of the PD signal electric 

field. However, the reduction in the gradient of its signal 

power in the frequency range of 0.3-3 GHz is increased while 

the gradient of power decrease in the frequency range of 0.3-

2 GHz is constant. This means that the high-frequency TE 

modes of a signal cannot pass through the L-shape structure. 

Therefore, it is better to locate PD sensors on both sides of a 

GIS L-shape structure to identify the PD defects type and to 

localize the PD source. 

5- A GIS busbar of the T-shape structure attenuates the 

EM PD wave propagation. The PD signal’s first peak, when 

passed through a T-branch structure, is compared against the 

signal’s peak in a straight branch. It is shown that in the 

former case, the signal is significantly reduced. Additionally, 

the signal’s power reduction gradient in a T-branch is more 

than the one (at the same compartment) in a straight branch. 

This reduction is about half of the signal power reduction 

when passing through a T-branch structure. Hence, it is 

essential to locate a PD sensor in the T-branch of a GIS 

structure to localize the PD source and to identify the type of 

PD. 

 
Fig. 19: The effects of T-shape structure on the first peak of 

the calculated electric field. 

 
Fig. 20: The effects of T-shape structure on signal power in 

the frequency ranges of 0.3-2 GHz and 0.3-3 GHz. 
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