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Abstract 

Monitoring of partial discharges is an effective strategy for the maintenance 

of motors and other types of electrical devices. This is helpful for performing 

analysis and troubleshooting on standard production equipment. Early on, 

corrective actions are able to be taken, which allows for the avoidance of 

unscheduled closures. There are many different ways in which partial 

discharges might manifest themselves, and there are also many different ways 

to spot them. In this article, both electrical and non-electrical processes are 

broken down and discussed. 
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INTRODUCTION 

An electrical discharge or pulse on a 

dielectric surface of an insulation system 

or in emptiness is what's known as a 

partial discharge. A discharge can take 

place either on the inside or the outside of 

an insulating material, as shown in Figure 

1. Discharges can happen either on the 

inside or the outside of the insulation. 

 

Figure 1: Representation of partial discharge 
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TYPES OF PARTIAL DISCHARGE 

Based on the location and nature, partial 

discharges can be classified into the four 

categories: 

 Internal discharges- normally occur in 

cavities or voids in liquid or solid 

dielectrics 

 

 Surface discharges- appear at the 

boundary of any insulating 

material 

 

 Corona discharges-  occurs in 

presence of non- homogeneous 

fields in gas dielectrics 

 

 Electric treeing- in solid dielectrics it 

forms a discharge channel due to 

impact of discharges. 

 

Figure 2: Different types of discharges 

[1] 

 

In general, partial discharges are of mainly 

three types i.e. internal discharge, surface 

discharge and corona discharge. 

With respect to stator windings, discharges 

are classified based on their locations i.e. 

slot discharge and end-winding discharge. 

Because of manufacturing tolerances, 

some discharges will always be presented. 

 

PARTIAL DISCHARGE DETECTION 

Partial discharge detection can be done 

using various techniques as PD is 

associated with several phenomenons. 

Very large range of techniques is now 

available with each measuring certain 

specific quantities. 

 

The use of each technique is greatly 

dependent on nature and type of 

equipment to be monitored. PDs are 

associated with several phenomenons like 

light, heat, noise, gas pressure, 

electromagnetic radiation, dielectric losses 

and electrical impulses. Therefore, PD can 

be detected by measuring any of these 

physical quantities by various methods. 

 

The PD detection mainly categorised 

into two categories: 

1. Non-electrical detection techniques 

2. Electrical detection techniques 

 

 Non-electrical detection techniques 

The most common non-electrical 

techniques are: 

1. Chemical detection 
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2. Acoustic detection 

3. Optical detection 

 

 

1. Chemical detection: The method is 

best suitable in gas insulated 

switchgear (GIS) and GIS substations 

where analysis of SF6 is used. The PD 

activity in power transformer generates 

gaseous compounds as hydrogen, 

methane, ethane, ethylene in 

transformer oil which can be detected 

by performing chemical analysis. 

Dissolved Gas Analysis (DGA), Furan 

Analysis and Duval Triangle are the 

most popular technique used for on- 

line testing of power transformers at 

present. The limitation associated with 

this method is that it provides only 

little information about the nature, 

intensity and location of PD. 

 

2. Acoustic detection: The acoustic 

waves are generated when the gas 

expansion takes place near the 

discharge. This discharge may results 

in the release of energy resulting in the 

vaporising of material. The intensity of 

the wave is proportional to the energy 

released in the discharge. The 

advantage of acoustic detection is that 

the identification of location of 

discharge can be possible using sensors 

at multiple locations. Secondly, it’s 

susceptibility to Electromagnetic 

Interference. 

 

It has also some disadvantages. Also it 

can detect any loose components, track 

of the surface, pressure leaks. The 

limitation of this method is the 

complex nature of acoustic impedance 

between PD source and detector and 

very low intensity. 

 

3. Optical detection: Discharges are 

associated with various excitations, 

ionisation and recombination process 

and this leads to production of light. 

There are two ways to implement this 

method. One is use of HV corona 

imaging camera for the detection of 

discharge on the surface of the 

electrical equipment. This technique is 

suitable in high voltage transmission 

line and in power stations. Second one 

is use of fibre optic cables as sensors 

for optical signal. This technique is 

best suitable for transformers and GIS. 

Limitation of this technique is the cost 

of the equipment. 

 

 Electrical detection techniques 

These methods are more sensitive with 

respect to other methods and also are more 

popular  and  widely  used.  There  are 
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basically two types for electrical PD 

detection: 

1. Power loss detection 

2. Detection of current pulses 

 

 

Like others, this technique also has some 

limitations. First one is its susceptibility. 

In some cases, it is very complicated or 

even impossible to differentiate between 

noise and PD because of short PD pulse 

width results in false detection. Also it is 

highly dependent on machine geometry. 

 

SENSORS FOR PARTIAL 

DISCHARGE DETECTION 

Various types of sensors are used to detect 

PD in different types of high voltage 

equipment. The choice of sensor is 

affected by factors like suitability, the cost 

involved and the type of application. 

 

Selected sensors should follow the 

following points: 

a) should not impact the service condition 

of the equipment 

 

b) should have at least the same life 

performance as the equipment on 

which it is installed 

 

c) easy installation of sensors 

d) essential against climate on-site 

conditions 

 

 Classification of sensors: 

The sensors used for electrical PD 

detection are classified as: 

a) Inductive type sensors 

b) Capacitive type sensors 

c) Inductive type sensors 

 

 

The inductive type sensors are designed to 

detect the magnetic field of the transient 

PD current. Some popular inductive 

sensors used at present are Rogowski coil 

and a RF current transformer. 

 

Some of the characteristics of inductive 

sensors are as follow: 

 Well suited for on-line measurement 

with compact portable equipment 

 

 Provide galvanic isolation 

 

 Can be easily installed around the 

cables due to simple construction 

 

 Installation doesn’t require machine to 

be shut down 

 

 Sensitivity is reduced compared to the 

capacitive probes 
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b) Capacitive type sensors 

These sensors are designed to detect the 

electric field energy of PD pulses with a 

metallic electrode and metallic foil layers 

in electric field. 

 

Some of the characteristics of capacitive 

sensors are as follow: 

 Well suited for on-line measurement 

with compact portable equipment 

 

 Don’t provide galvanic isolation and 

the sensor is subject to HV 

 

 Pre-installation is recommended 

 Machine needs to be shut down for 

installation 

 

 Sensitivity is better than inductive type 

sensors 

 

Some of the most popularly used sensors 

are listed as follow: 

1. Rogowski coil 
 

 

2. Radio frequency current transformer 

 

3. Capacitive coupler 

 

4. Stator slot coupler 

 

 

 

A comparison of these sensors is described in the following. 

Table 1 Comparisons of various electrical PD detection sensors 
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LATEST PD DETECTORS IN 

MARKET 

Given below is the list of manufactures of 

PD detection equipment: 

1. IRIS Power Engineering (North 

America) 

2. ADWEL International Limited 

(Canada) 

3. PD Diagnostix Systems (Germany) 

4. M&B Systems Power Test Equipment 

(UK) 

5. TECHIMP (ITALY) 

6. Tettex Instruments (Switzerland) 

7. HIPOTRONICS (USA) 

8. Robinson Instruments (UK) 

 

 

CONCLUSION 

Electrical detection methods are the ones 

that are utilised most frequently for 

rotating machinery. For a variety of factors 

that have been thoroughly explored, it has 

been determined that online methods are 

superior to offline methods. Electrical 

detection of PD may be accomplished 

using a variety of sensors, each of which 

offers certain benefits not shared by its 

counterparts. In order to get familiar with 

the most recent tendencies in PD detection 

techniques and to offer inputs for the 

creation of a new system, it was necessary 

to do research on the many different PD 

detectors that are now on the market and 

prove to be helpful. 
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