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Abstract— Partial Discharge (PD) is the dissipation of 

energy caused by the buildup of localized electric field 

intensity. In high voltage (Tension) device such as Cables, 

transformers, electrical machines etc., this buildup of charge 

and its release can be symptomatic of problems associated 

with aging, such as voids, floating component and insulation 

breakdown. In the Power System Electrical Power cables 

must be designed as rugged and flexible. The use of power 

electronic devices cause voltage spikes and introduce 

harmonics that electrically degrade the insulation of the 

electrical cables and all kind of equipment using in the 

power system. Power electronic driver circuits required high 

frequency and high operating temperatures, which affect the 

aging and breakdown properties of the cable insulation. In 

many high voltage systems, breakdown voltage is an 

indication of insulation condition. Partial discharge presents 

issues in electromagnetic compatibility as a noise source. 
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I. INTRODUCTION 

In modern electrical power system machine’s like 

Generator’s & HT Motor’s, Transformers and HT cables are 

key parts of the system. In the GRID these all auxiliary 

insulation is playing main role to sustain voltage gradient. 

For healthiness of various equipment insulation resistances 

IR value taken as per routine maintenance or at the time of 

fault occurs in the system or auxiliary. Here for IR value 

measurement deferent’s method adopted by Engineer & 

Technicians. The Meggar (testing equipment), TAN Delta 

testing and partial discharge testing for predictive 

maintenance work. All of testing Partial discharge testing 

gives best result for healthiness of auxiliary. [2] 
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II. OBJECTIVE  

In modern electrical power system machine’s like 

Generator’s & HT Motor’s, Transformers and HT cables are 

key parts of the system. In the GRID these all auxiliary 

insulation is playing main role to sustain voltage gradient. 

For healthiness of various equipment insulation resistances 

IR value taken as per routine maintenance or at the time of 

fault occurs in the system or auxiliary. Here for IR value 

measurement deferent’s method adopted by Engineer & 

Technicians. The Meggar (testing equipment), TAN Delta 

testing and partial discharge testing for predictive 

maintenance work. All of testing Partial discharge testing 

gives best result for healthiness of auxiliary. [2] 

Various types of response that can be observed 

with discharge detectors in effect of Voltage and Times. 

Here for each type of discharge pattern on an oscilloscope 

and the relation of the maximum discharge magnitude with 

the test voltage and time. In the power system for 

diagnosing the possible origin of discharge from their 

observe characteristics is outlined. In addition, the 

characteristics of unwanted disturbances and some means of 

diagnosing their origin. 

When cable is first manufactured then PD detection 

can be used as a tool to judge the state of the device and the 

quality of its manufacture. When cables ages, faults in the 

device can be created. Over time, electrical and mechanical 

stresses can damage cables, If the damage is not detected or 

corrected, the faults can cause the operate outside of its 

normal parameters and eventually a catastrophic failure will 

occur, causing potential damage to surrounding equipment 

and facilities, as well as lost revenue due to an unscheduled 

power outage. In a modern high voltage power system, PD 

detection is used to monitor the state of health of Electrical 

Machines and Cables in service and helps plant managers 

schedule device maintenance. [3] 

The analysis of partial discharge (PD) signals is 

widely accepted as an effective method to identify the 

relative health of power cables. Extensive research has 

considered location, quantification and characterization of 

PD signal data. However, there is a limited reported result 

on the relationship between long term PD behavior and the 

various failure mechanisms experienced by three-phase 

cable circuits in the field. By developing a greater 

understanding of the characteristic PD signals produced by 

assets approaching their end of life, it is hoped to inform the 

process of planning suitable maintenance and management 

strategies. [8] 

This experiment is designed to enable three-phase 

XLPE cables to be stressed in a manner representative of the 

conditions met by cable circuits in active use. The 

experiment provides control of voltage, current and cable 

temperature, allowing for complete three-phase PD data 

acquisition of cables experiencing realistic stresses under 

controlled laboratory conditions. The aim of this research is 

to investigate the trends in PD activity over time and relate 

them to specific failure mechanisms that are commonly 

reported in the field. [2] 

Partial Discharge inception in insulation cavities is 

associated with the presence of free electrons inside the 

cavity. It is generally argued that such electrons may be 

either generated (directly or indirectly) by background 
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radiation or extracted at the material-cavity interface. 

Background radiation may ionize molecules of the gas 

present in the cavity (direct electron generation) and/or 

extract electrons or positive ions from cavity walls or from 

electrodes, provided that the radiation energy is sufficient. 

[10] 

III. PARTIAL DISCHARGE DIFFERENT FACTORS ARE 

INVOLVED FOR RECOGNITION 

A. Factors involved in recognition 

1) Discharge Pattern 

Partial discharge responses from individual discharge are 

superposed on a elliptical time-base that represents the sine 

wave test voltage. The position of the voltage peaks and 

valley (zero) and the rotation of the time base are indicate in 

Fig. 1.1.  

 

Fig. 1: Elliptical Time Base Discharge Pattern 

If discharge patterns are displayed on a Sine wave 

time base the positions of the voltage peaks and valley 

(zero) and the direction of the trace as indicate in Fig. 

1.2.[5][8] 

 
Fig. 2: Sine Wave Time Base Discharge Pattern 

2) Effect of Voltage and Time 

The magnitude of the responses may vary with test voltage 

and time. It’s shown for various kinds of discharge and 

disturbances both by formalized diagrams and by typical 

experimental results. These results are obtained by varying 

the discharge magnitude. 

B. Partial Discharge Inception Voltage (Ui) and Partial 

Discharge Extinction Voltage (Ue) [7] 

1) Recognition of Disturbances 

Discharge test can be seriously affected by disturbance of 

various origins. If the disturbances are fairly continuous and 

uniform in magnitude (background noise), they reduce the 

effective sensitivity of the detector.[8] 

The principal forms of disturbance are as follow. 

 Interference from the mains 

 Interference from the earthing system 

 Pick up from other high voltage test & electromagnetic 

radiation 

 Discharge in the test circuit 

 Contact Noise, caused by bad contacts in the circuit or 

sample 

2) Coupling capacitor  

The Coupling and blocking capacitor must be discharge 

free. In the differential circuit where two test objects are 

used and one object may be regarded as the coupling 

capacitor no separate coupling capacitor is needed. [4][8] 

IV. PARTIAL DISCHARGE TEST EXPERIMENTAL SET UP 

In the Partial Discharge testing laboratory whole lab is 

completely enclosed noise free area and that area known as 

Faraday cage. Due to Faraday cage outer atmosphere noise 

and electromagnetic fields not enter or create any 

disturbances in the experiments. Laboratory is totally 

separated from atmosphere and required following 

instruments for conduct PD test. 

1) Power Supply 

2) Step Down transformer 415V/330V 

3) Resonance Reactor or HVT (LVDT) Step up 

Transformer 330V/220KV 200KVA 

4) Coupling Capacitor 

5) Blocking Capacitor 

6) Measuring Impedance device 

7) Inductor for PI filter 

8) Die Elec-Jiate complete set up for HV and PD testing 

9) Pulse Generator 

After several different type test passes by cable 

then its bring for conducting special test   PD test. For 

conducting this test on XLPE cable both side cable 

termination done and separated each core of 3-phase cable 

and remove semiconducting layer or screen about one foot. 

All three terminal conductor insulation completely remove 

for connection of high voltage supply through PI filter to 

specimen. 

 
Fig. 3: Partial Discharge Lab HV Transformer and Coupling 

capacitor, Blocking capacitor with Inductor and Toroid. 



Partial Discharge Detection in Medium Voltage Three Phase Cables Used in the Power System 

 (IJSRD/Vol. 4/Issue 11/2017/159) 

 

 All rights reserved by www.ijsrd.com 610 

 
Fig. 4: Experimental set up supply diagram for Partial 

Discharge testing 

 
Fig. 5: Partial Discharge test under progress on 185mm sq. 

3-phase 11KV XLPE cable at M/s. DIAMOND POWER 

LTD. Vadadatala, Vadodara, Gujarat. 

V. TEST VOLTAGE CRITERIA FOR HV AND PD TESTING AS PER 

IS 

The cable shall not break down during high voltage test and 

the magnitude of partial discharge observed shall not exceed 

10 pC for routine test and 5 pC for type test. 

Sr 

No

. 

Voltag

e 

Grade 

HV test 

voltage 

(KV) 

Routin

e 

HV test voltage 

(KV) 

Type/Acceptanc

e 

PD 

Measuremen

t Voltage 

(KV) 

1 
1.9/3.3 

KV (E) 
10 10.00 ------ 

2 

3.3/3.3 

KV 

(UE) 

10 13.20 ------ 

3 
3.8/6.6 

KV (E) 
13 15.29 6.60 

4 
6.35/11 

KV (E) 
21 25.40 11.00 

5 

6.6/6.6 

KV 

(UE) 

21 26.40 11.50 

6 

11/11 

KV 

(UE) 

35 44.00 19.10 

7 
12.7/22 

KV (E) 
42 50.80 22.00 

8 
19/33 

KV (E) 
63 76.00 32.90 

Table 1: Voltage grade for HV and PD Testing as per IS. 

 
Fig. 6: Experimental set up diagram for Partial Discharge 

under test 

VI. RESULTS 

In this thesis we had tested different types of cables in the 

lab of 185 sq. mm 3-phase 7/11KV XLPE cable, 1C X 400 

sq. mm A2XWay and 630 sq. mm single core A2XWay 

19/33 KV after manufacture in company. M/s Diamond 

power company, Vadodara. Before testing platform of 

specimen both side six OR two terminals are open and 

armor, screen and insulation with inner and outer sheath 

completely removed 2 foot approx. 

A. M/S DIAMOND Cables, Vadodara, Gujarat Test Result 

As we can see in the fig. 5 only 5.36 pC on voltage stress of 

7KV up to 20KV and 33KV impulse. This PD charge value 

is within the limit.  

 
Fig. 7: Partial Discharge test result in DIACab, 

VADODARA on XLPE cable drum tested. 

1) Case Studies-I 

At the time of PD test conducting before that each core of 

conductor semiconductor layer must be removed. 

Semiconductor black color silicon carbide semiconducting 

black layer coated at the time of manufacturing of cable and 

copper strip wrapped on each core. These both screens 

provide against protection from earth fault.  

Partial Discharge testing without Artificial fault in 11KV 

cables. 

In the HV and PD testing laboratory Hall ( Faraday 

Cage ) of Diamond cables Limited, Vadadatala, Vadodara 

on 11KV 300 meter length drum after manufacturing as per 

required by costumer. 
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Sr 

no 

I/P 

Volt 

Volt 

I/P 

Current 

Amp 

O/P 

Volt 

KV 

O/P 

Current 

Amp 

pC Remark 

1 13.9 10 9 0.7 5 
Normal 

test 

Table 2: PD Test results of cable without artificial fault 

create 

2) Case Studies-Ii 

Partial Discharge testing with artificial fault creates in 11KV 

cables by Sharpe edge. 

Sr 

no 

I/P 

Volt 

Volt 

I/P 

Current 

Amp 

O/P 

Volt 

KV 

O/P 

Current 

Amp 

pC Remark 

1 5.9 7.1 10.3 0.29 53 

Artificial 

fault 

create 

Table 3: PD Test results of cable with artificial fault create 

In the HV and PD testing laboratory Hall ( Faraday 

Cage ) of Diamond cables Limited, Vadadatala, Vadodara 

on 11KV 300 meter length drum after manufacturing as per 

required by costumer. Test result of 3Cx300 sq.mm 6.35KV, 

250 meter XLPE cable tested in PD laboratory. 

VII. CONCLUSION 

Partial discharge detection and location in medium voltage 

cable is an essential diagnostic tool for identify the state of 

health of electrical insulation. The insulation breaks down 

over time due to mechanical and electrical stresses and if the 

insulation damage becomes severe, the device could suffer a 

catastrophic failure that not only causes an unscheduled 

service outage, but also causes damage to surrounding 

equipment and threatens the safety of onsite personnel. 

Partial discharges are one symptom of insulation breakdown 

because the developing faults in the insulation cause a local 

buildup of electrical charge, which is then dissipated in the 

form of an electrical and mechanical pulse of energy.  
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