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ABSTARCT:  

 

In the present work, an ultra high frequency partial discharge (UHF PD) system for partial discharge 

measurements on transformer insulation system (Oil-Paper), using an UHF antenna has been developed. The system 

consists of an UHF amplifier, a Radome, which is an insulation structure that physically provides a separation 

between transformer oil and the antenna, an RF amplifier, signal cables and a measurement system. The 

measurement system is capable of measuring the signals in time domain. 

Various types of discharges have been created inside an oil medium and the RF signals due to the partial 

discharges are captured by the UHF antenna. The signals can be analyzed and characterized for various discharges 

using suitable wavelet transforms to identify the type of discharge generated. 
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I. INTRODUCTION 

In this paper, work has been done to simulate 

various types of PD in oil as well as air. In order to 

carry out this work an experimental set up was 

designed to generate various types of PD. In order to 

measure the UHF signal generated from PD, 

appropriate UHF antenna was used. Then the signal 

was amplified using RF amplifier and recorded on a 

digital storage oscilloscope. The Experimental set up 

used has been discussed in detail here. Basically, it 

contains a PD generating model, a transformer oil 

bath in insulated container, recording device and 

cables to transmit the signal. The recorded signal has 

been analyzed using FFT software to determine 

various frequency components which constitute the 

original signal[1]. 

 

TEST TANK 

The test tank is of size 1200 mm x 500 mm x 

500 mm, made up of mild steel. This represents a 

transformer tank, which is basically a metal. The test 

tank is kept over a mobile metal stand for convenient 

working as shown in Figure 1. The tank is filled with 

transformer oil. The top cover of the tank has three 

parts. The width of the central cover is bigger than 

the end covers; all the three covers have a round hole. 

The central cover carries the Radome for the CE 

antenna which has a diameter of 500 mm. A Radome 

is an insulation structure; on one side it is immersed 

in transformer oil and on the other side it supports the 

antenna i.e., the base of antenna is physically in 

contact with the Radome as shown in Figure 2. The 

material for Radome is the best conductor of RF 

waves. Hence, when UHF waves are generated inside 

the tank, these waves will enter the Radome only and 

thereby directly captured by the antenna. The other 

two top covers also have holes where either a High 

voltage bushing or a Radome for the ACD (small 

size) antenna can be fixed[2,3]. 

 

 
 

Figure 1: UHF Test tank with two types of 

antenna, bushing and PD coupling capacitor 
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Figure 2: Radome (white in colour) is fixed on the 

test tank 

The high voltage bushing is used to take the high 

voltage lead into the tank for connection to the 

discharge simulator. The requirement is that the 

bushing should be PD free up to the maximum 

applied voltage. For this purpose a cone insulator 

used for the 145 kv GIS (Gas Insulated Substation) 

has been successfully employed. The photograph of 

the insulator is shown in Figure 3.  

Figure 3 HV Bushing (cone insulator) 

 

DISCHARGE SIMULATOR 

 

The discharge simulator is a device that has 

been used to produce various types of discharges. 

Basically, it has a pair of electrodes that are 

supported by an isolation structure. The top electrode 

is connected to the HV bushing by means of a metal 

stem whose length can be adjusted. The Different 

electrode configurations are used in such a way that 

various types of discharges viz., Corona, internal 

discharges can be created. The discharge simulator 

with a typical electrode assembly is shown in the 

Figure 4. 

 

 

 

Figure 4  Discharge simulator with HV bushing 

 

UHF ANTENNA 

 

An Archimedean duel arm spiral antenna has 

been used for measurement of UHF signals. Two 

types of antennae are employed. The first antenna 

(CE, Manufactured by M/s Communication 

Electronic) has an active frequency range of 300-

3000 MHz as stipulated by some of the earlier 

researchers (Figure 5). Since the size of the antenna 

is significant with a diameter of 500 mm, a second 

antenna (ACD make) with a frequency range of 500-

3000 MHz has also been used for the 

experimentation (Figure 6). The advantage of the 

later is that the size is quite small, the diameter of this 

antenna is only 156 mm and hence the handling 

becomes simpler. Both antennae are used so as to 

compare their performance. The impedance of the 

antenna is 50 ohms so that it is compatible with the 

signal cable impedance. SMA connector is used for 

capturing the output and fed into the cable[4]. 

 

 
Figure 5: CE (Ceramic Embedded) make UHF 

antenna 

 
Figure 6: ACD (Asymptotic Conical Dipole) make 

UHF antenna 
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RF AMPLIFIER AND POWER SUPPLY 

The signal that is produced when a partial 

discharge is occurring may not be high signal to 

visualize on oscilloscope and hence, an amplification 

of signal is necessary. For this an RF amplifier 

system consisting of two RF amplifiers connected in 

cascade and derived power from the 12 volts DC 

power supply has been used (Figure 7). The band 

width of the amplifier is 0.02 to 3 GHz. The average 

gain is 20 dB per stage. 

 
Figure 7 Single stage RF amplifier 

 

HFCT MEASUREMENTS 

A high frequency CT which was made up of a 

ferrite ring type core is connected in the ground 

circuit of the discharge site to pick up the high 

frequency PD signals, which is shown in Figure 8. 

 

 
Figure 8: HFCT in the ground circuit to measure 

the PD signals 

 

MEASUREMENT SYSTEM 

The measurement system consists of a partial 

discharge detector, a Digital Storage Oscilloscope 

(DSO) and a spectrum analyzer. The oscilloscope has 

four channels to measure various inputs 

simultaneously. While the oscilloscope measures the 

PD signals from discharge detector, UHF, HFCT and 

a 50Hz reference signals, where as the spectrum 

analyzer measured the signals from the UHF system 

in the frequency domain[5]. Since the signal from 

UHF and the HFCT are high frequency in nature, 

separate 50 ohm terminations are provided at the 

measuring ports of the oscilloscope. The signal 

cables used to take the signal to the oscilloscope have 

a characteristic impedance of 50 ohms. A voltage 

sensor which is a simple resistance divider is used to 

convert the high voltage in to a small voltage signal 

as shown in Figure 9 

.  

 
Figure 9: Voltage sensor 

 

This is the reference signal to identify the 

voltage zero, so that the location of discharges in the 

entire cycle can be identified. All the signals are 

triggered almost at the voltage zero i.e., at the start of 

the positive half cycle. The DSO is coupled to a desk-

top computer so that the waveforms available in DSO 

can be directly stored in the computer. In all cases, 

the synchronization of time and the frequency 

domain signals are observed with occurrence of PD 

signals in the PD detector. The total measurement 

system is shown in Figure 10. 

 
Figure 10: Measurement system indicating DSO, 

Spectrum analyzer, PD detector and a computer 

 

II EXPERIMENTAL METHODS 

In the experiments two types of antennae were 

used. All the three required discharges were created 
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using discharge simulator by employing the suitable 

electrodes. The simulator is kept inside the oil 

medium inside the test tank and the required voltage 

is applied till the partial discharge appears on PD 

detector.  

Surface or wedge discharges are created by 

introducing an insulating material in between the two 

electrodes as shown in Figure 11(a). The surfaces of 

such material is sensitive to partial discharges since it 

presents a weak link between two electrodes 

compared to the bulk insulating material or pure oil 

dielectric. It is this weakness of surface which causes 

a surface discharge at the instant of application of 

voltage. Such signals are generated and one of them 

is shown in Figure 12(a) and it’s frequency response 

in Figure 12(b). 

In order to simulate a float type discharge a small 

insulating material is introduced between inter-

electrode gap. A voltage is applied at H.V electrode 

marked C shown in Figure 11(b) and gradually 

increased until PD starts.  In order to ascertain that 

PD is from floating material and not from the 

electrode, a calibration is done by applying voltage in 

the absence of insulating material and gradually 

increasing until a discharge appears.  It is observed 

that a set of discharge starts at much higher voltage 

than when a floating material is present.  Different 

size of insulating material for generating floating type 

discharge was used for obtaining a number of signals.  

The analysis was carried out for one typical signal of 

float type shown in Figure 12(c) and it’s frequency 

response in Figure 12(d). 

In order to simulate oil corona the set up used is 

similar to Figure 11(b). However, the plate is 

unscrewed so that the holding rod is directly seen by 

the lower grounded plate as shown in Figure 11(c). A 

voltage is applied at H.V electrode marked C and 

gradually increased until PD starts. Then the PD 

signal is recorded using UHF CT, which is shown in 

Figure 12(e) and it’s frequency response in Figure 

12(f). An UHF antenna is used to detect the acoustic 

signal emanated from PD and later it is amplified and 

recorded on a storage oscilloscope. One typical signal 

for each type of partial discharge recorded by an 

UHF detector of small and big size is given in Figure 

12(a) to Figure 12(f). The total time of recording is 

limited to one micro second with 1000 samples. It is 

found that duration of 102.4 µsec is adequate to 

represent signal up to 500 MHz [6,7].  

 

        
(a) 

        
  (b) 

         
  (c)     

Figure 11(a):  Discharge simulator assembly 

for wedge PD generation 

(b):  Discharge simulator assembly for 

float PD generation 

 (c):  Discharge simulator assembly for 

corona PD generation 

 

Here, the analysis was carried out using the 

values of the signals recorded one for each type 

shown in the above Figure 4.12. 

surface 

Insulating 

material 



K V RAMPRASAD, International Journal of Computers Electrical and Advanced 
Communication Engineering [IJCEACE]TM 
Volume 1, Issue 7, PP: 82 - 87, APR’ 2015. 
 

                                       Vol.1 (06), ISSN: 2250-3129, NOV’ 2014                          PP: 194 - 197                                                                                                                                            
                                               Vol.1 (06), ISSN: 2250-3129, NOV’ 2014                          PP: 194 - 197                                                                                                                                            

 
-3129, NOVEMBER – 2014 
 

International Journal of Computers Electrical and Advanced Communications Engineering 
                                               Vol.1 (07), ISSN: 2250-3129, APR’ 2015                          PP: 82 - 87                                                                                                                                            

 

 

The antenna, Radome and amplified UHF 

signal is passed on to the measurement system. 

Simultaneously, the simulator is connected to partial 

discharge detector system (ERA Robinson Model 5) 

and the discharges are seen on the detector. This is 

used to validate the fact that the UHF signal is really 

due to the partial discharges. The signal appears 

either in DSO or in spectrum analyzer whenever the 

PD detector indicates the presence of partial 

discharges. The experiment was repeated for different 

types of discharges created using different electrode 

system[8]. 

 

III RESULTS & DISCUSSIONS 

 

The antenna picks up UHF signal and they can 

be captured and displayed on the screen of Digital 

Storage Oscilloscope, whenever a partial discharge 

occurs. The PD has been separately monitored by a 

partial discharge detector. This validates the fact that 

the antenna is able to pick up radiated UHF signals 

which are produced during partial discharge activity. 
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Figure 12 

 

Figure 12.(a) UHF signal from wedge type PD by big 

antenna (b) FFT of the UHF signal corresponding to 

Figure 12(a) 

(c) UHF signal from float type PD by big antenna 

(d) FFT of the UHF signal corresponding to Figure 

4.12(c) 

(e) UHF signal from corona type PD by small 

antenna 

(f) FFT of the UHF signal corresponding to Figure 

4.12(e) 

 

 

IV CONCLUSIONS 

 

In this paper, the experimental set up for 

extraction of partial discharge signals, which are 

generated in high voltage power transformer is 

shown. All the three major types of discharges like 

wedge, float and corona are generated and  their FFT 

signals for frequency analysis are calculated. Further 

analysis can be carried out suitable wavelets to 

identify the type of discharge. 
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