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ABSTRACT 

Significant experiences about online PD monitoring of 

cable systems in MV and HV grids have been acquired in 

the latest years. These PD experiences collected in this 

paper are representative from four different utilities: the 

Spanish electricity transmission company, REE with 

online PD experiences in transmission cable systems, an 

electricity distribution company, Naturgy, using PD 

monitoring in cables of 220kV and online PD 

measurements in MV grids,  an electricity distribution 

company, VIESGO, with underground cable systems from 

12kV to 132kV using oil impregnated paper cables, EPR 

and XLPE cable systems and a very sensitive electricity 

consumer, AENA, responsible of Spanish Airports that 

operates in grids up to 45kV. 

INTRODUCTION 

Different PD approaches were used for online PD and PD 
monitoring: continuous PD monitoring temporal PD 
monitoring for several days or weeks and itinerant online 
PD measurements performed for short time periods 
(minutes or few hours) [1]-[5]. Continuous PD monitoring 
techniques have demonstrated to be the most efficient 
approach to avoid unexpected failures and to make 
appropriate repair with enough time to avoid an 
uncontrolled failure. However, continuous PD monitoring 
approach is the most expensive one. Conversely Spot 
online PD measurement is the cheapest one, but 
measurements may be affected by unexpected or adverse 
conditions, for example rain or lightning storm, very low 
or loss of PD activity due to load current changes, etc. 
Temporal PD monitoring approach for several weeks, 
using PD sensors previously installed have demonstrated 
to be a good alternative to the continuous PD monitoring 
approach, achieving similar results with lower costs. This 
technique permits monitoring large power grids using few 
PD measuring units, moving portable measuring 

instruments in the different cable system to be monitored. 
On line communication with PD instruments through 3G 
or 4G links permits to perform remote control and live PD 
diagnostics by an expertise technician working at very far 
away from the cable system under PD monitoring [2]. 

ONLINE PD MONITORING STRATEGIES 

In the following paragraphs are described the required 

facilities and the expected results for the three different 

strategies used during the monitoring of the set of 

experiences analysed.   

Required equipment 

a) Spot measurement 

One portable unit to perform defect detection or two 

portable units synchronized by GPS to perform defect 

localization a long cable system length. 

 

 
Figure 1. Two portable units synchronized by GPS 

installed on cable system terminations 

 

When the PD measuring instrument does not require any 

setting selection for noise filtering, e.g. using wavelet 

approach with statistical algorithms [3] then back office 

diagnosis can be performed, otherwise expert onsite is 

required. For example, if frequency measuring range or the 

triggering threshold to remove background noise must be 

chosen during PD acquisition then a PD expert technician 

is needed onsite.    
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b) Temporal monitoring 

Same equipment from spot measurement but robust 

enough to be monitoring under external weather 

conditions. Also, it is required communication link 

through 3G or 4G router in order to do remote control and 

PD diagnosis. 

 

c) Continuous Monitoring 

Previous attenuation study should be performed in order to 

select the optimum PD monitoring solution for each 

specific cable system and (number of PD sensors and 

optimum location of PD instruments). Two different 

approaches are available: a) concentrated signal 

processing in a central Control Unit using slaves 

measuring instruments [1] or b) distributed signal 

processing using smart measuring instruments distributed 

in the cable system [2]. Communication can be done by 

local network of installation owner. 

 

 
Figure 2. Distributed monitoring system composed by 

Control Unit and Slaves measuring instruments 

 

Planification of onsite work 

a) Spot measurement 

It is very convenient to do a preinstallation of sensors 

several days before or to use the eventual existing fixe PD 

sensors in order to achieve a good progress for the PD 

measurements. 

 

PD checking of sensors and calibration PD instruments 

before each measurement is mandatory [6]. Manual 

acquisition of data carried out by technician onsite. 

 

b) Temporal monitoring 

Initial installation of sensor is also needed and later 

checking and calibration procedures like spot 

measurements should be applied. 

Remote control during monitoring period supported with 

local onsite assistance can solve any functional problem. 

At the end of the monitoring period disassembling of PD 

instrumentation is performed. 

 

c) Continuous Monitoring 

An installation of PD sensors according a planned project 

is required including checking and calibration of 

measuring instruments. 

Remote and onsite assistance during monitoring period to 

solve any functional problem. 

Resources for analysis 

a) Spot measurement 

If 3G or 4G communication is available and wavelet 

approach for filtering [3] is used, then onsite diagnostics 

can be performed by expert working at office (no expert 

onsite required).  

 

b) Temporal monitoring 

Remote periodical diagnostics are performed to follow 

automatic alarms generated by PD monitoring system. 

 

c) Continuous Monitoring 

Remote periodical diagnostics are performed to follow 

automatic alarms generated by PD monitoring system. 

Expected results 

a) Spot measurement 

Same accuracy in the measurement. Same identification 

and localization performances, but the probability to detect 

PD activity is low, because only advanced PD defects 

maintain continuous PD activity. 

 

b) Temporal monitoring 

Same accuracy in the measurement. Same performances 

for defect identification and defect localization, but in this 

case detection effectiveness is better than Spot 

Measurement because there is a higher probability to 

detect advanced and incipient defects during monitored 

period. 

 

c) Continuous Monitoring 

Same accuracy in the measurement and same 

performances for defect identification and for defect 

localization but the detection effectiveness is the best, 

because any PD initiated can be detected during the 

continuous PD monitoring. 

ANALYSIS OF ONLINE PD EXPERIENCES 

ACUMMULATED IN THE LAST YEARS 

The set of online PD measurements gathered for this 

analysis includes cable systems from 6kV up to 400kV. 

Experiences have been obtained from the last few years in 

different transmission and distribution grids. 

Cable systems that have been diagnosed are working under 

normal operation connected to GIS, transformer, MV 

cabin, generator or overhead lines. External weather 

conditions are varying from extreme humidity and 

temperature levels depending on location. Measurements 

have been all around the world, but mainly most of them 

have been performed in Spanish electrical grids. 

Description of installations 

Following table shows the number of diagnostics carried 

out and the length of cable involved divided by levels of 

voltage in three different blocks. The three sets have been 
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selected to be the most representative of the variation 

obtained in next steps of this work. The accumulated 

length of analysed cable is 4.9 thousand of kilometres, with 

at least a minimum of 6894 accessories (terminations or 

joints).  

 

Voltage level of 
installation 

Nº of analysis 
reported 

Length of 
cable 

< 25kV 468 931 km 

25kV < x ≤ 132kV 431 2.257 km 

132kV < x ≤ 400kV 250 1.713 km 

TOTAL 1149 4,901 km 

Table 1. Summary of facilities and analyses carried out 

for the analysis period. 

 

According gathering experience, at the present, PD 

diagnosis is more used in transmission grids (>132 kV) 

than for distribution grids (<25 kV), probably due 

economic reasons. 

The samples included in this set are combining different 

types of insulation material. It has been estimated that 25% 

of the cables are oil impregnated paper insulated cable, 5% 

are EPR insulated cables and 75% are XLPE insulated 

cables approximately. 

 

Due to the criticality and the topology of the grid for each 

company, there are different number of diagnosis carried 

out for each voltage level. As far as there are a lot of 

diagnosis carried out for voltage levels under 25kV there 

are also less kilometres of cable analysed due to the short 

distance of cable system in distribution grid. There is a 

particularity of this distribution in the level of 45kV due to 

the use of this cable for interconnection of substations for 

distribution and big consumers included in this set. Due to 

the reason of this level is also critical for some consumers 

like airports, subway stations or industry. 

Comparison of strategies applied 

After several years of monitoring with different utilities 

has been demonstrated that online PD monitoring is a 

practical solution for condition insulation assessment. 

Each utility has adopted and customized its own strategy 

according to its needs. In the next table it is shown 

distribution of type of monitoring applied by voltage level. 

The higher level of used methodology corresponds to the 

values marked in red colours. 

 

Voltage level of 
installation 

Spot 
measurement                    

(<1h) 

Temporal 
monitoring 

(>24h) 

Continuous 
monitoring 

system 

< 25kV 89% 11% 0% 

25kV < x ≤ 132kV 78% 10% 13% 

132kV < x ≤ 400kV 31% 6% 63% 

Table 2. Distribution of strategies depending on 

installation voltage level 

 

The comparison shows clearly higher investment in 

voltages levels over 132kV where continuous monitoring 

is mostly applied. As it is already known, PD activity is 

not continuous 24hours per day at incipient state, for this 

reason continuous or temporal monitoring are solutions 

more effectiveness than spot measurement. Critical 

installations like 220kV cable systems permit to invest 

more resources in order to perform continuous monitoring. 

Analysis of results obtained 

In this part of the analysis has been compared the results 

obtained for the cable insulation condition after PD 

diagnosis. After PD diagnosis, one of the next three results 

is given in the final diagnosis. 

 

Good condition 

No internal PD phenomena has been detected. 

 

Recommended follow-up 

One or more internal PD phenomena has been detected but 

PD levels, specially PD repetition rate detected have low 

values. In this case PD measurement can be re-planned to 

be repeated in close future in order to extend life of 

elements with internal defects. Other option is to apply 

temporal monitoring to follow evolution in real time in 

order to have opportunity to stop operation just before 

failure extending element’s life to the limit as longer as 

possible. 

 

Critical condition 

One or more internal PD phenomena has been detected 

inside or outside of the cable system and PD levels have 

high values (amplitude and PD rate). In this case it is 

recommended to repair as soon as possible. 

 

Voltage level of 
installation 

Critical 
condition 

Recommended 
follow-up 

Good 
condition 

< 25kV 29% 12% 59% 

25kV < x ≤ 132kV 23% 16% 61% 

132kV < x ≤ 400kV 20% 40% 40% 

Table 3. Insulation condition resultant of PD diagnosis 

 

The table of results shows very extreme results for the 

lower voltage level due to the investment limitations. In 

case of internal PD is detected there is lower possibilities 

to repeat measurements in short term re-planification. For 

this reason, results are more concentrated in red and green 

options. 

For 45kV due to the particularity of this level as mentioned 

before, it is considered in more cases follow-up of PD 

defects before final failure. 

In this table it is also demonstrated that probability to have 

a critical PD defect is higher in lower voltage levels than 

higher ones. The main cause of this higher probability of 

having internal PD problems in cable system is that 

assembling quality is worse for lower voltage level. 

For higher voltage level then number of follow-up cases is 
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also relevant. This result has higher probability due to the 

additional phenomena that appear with bonding 

configurations of cable sheaths as single-point and cross-

bonding. In those cases, it is used sectionalized splices to 

separate sheaths from both sides and PD activity appears 

sporadically.  

Analysis of identified PD phenomena 

When PD pulses are detected during online measurements, 

the technician realizing the diagnosis must identify PD 

phenomena to classify PD as internal defect of the cable or 

external PD activity not damaging the cable system. Next 

table shows the conclusions of classification of defects 

found in PD measurements of the set of experience used in 

this work. 

 

Voltage level of 
installation 

External PD 
coming from 

GIS/Transf./Cabin 
/Overhead line 

Internal PD 
coming from 
cable system 

< 25kV 21% 79% 

25kV < x ≤ 132kV 70% 30% 

132kV < x ≤ 400kV 79% 21% 

Table 4. Classification of PD phenomena 

 

At lower voltage level it is very common to find an internal 

PD phenomenon when PD pulses are detected, as it is 

shown with red colour to highlight the higher probabilities 

in the table 4. This means that carrying out diagnostics for 

lower voltage is easier to find the internal PD sources. And 

on the opposite side it is less probable to find internal PD 

on higher voltage levels. 

Quality of the assembling process is affecting directly to 

this result but also voltage level. External PD phenomena 

like floating potential, corona and external surface 

discharges are more common with higher voltages levels 

when exists outdoor connections. 

Analysis of PD localization efficiency 

Localization along cable length for online PD 

measurements is done by synchronized sensors installed in 

two different locations. Synchronization can be obtained 

by GPS or fibre optic connection and PD pulses are located 

by analysis of different arrival time to each sensor.  

Reflectometry can be applied exceptionally two locate 

with one sensor in cases where termination is open or 

disconnected in one side and cable length is not too large 

to avoid an excessive attenuation. 

 

Voltage level of 
installation 

Localized PD in 
cable 

Not localized 
PD in cable 

< 25kV 60% 40% 

25kV < x ≤ 132kV 55% 45% 

132kV < x ≤ 400kV 56% 44% 

Table 5. Determination of affected element by 

localization 

Nowadays most of the PD measurements are carried out 

initially with a detection approach (1st step) in order to 

optimize cost of predictive maintenance. Once PD are 

detected in second step measurements are planned in order 

to determine location of affected element. For this reason, 

results in the previous table show around 40% of cases that 

are not localized, because in this last column is included 

the 1st step measurements of the detection strategic while 

in the central column the 2nd step measurements are 

considered. 

Analysis of type of element affected by internal PD 

During the work performed in the last years doing PD 

monitoring as predictive maintenance strategy, the 

identification and localization of internal PD defects has 

generated an action plan for preventive maintenance in 

order to repair defects before failure. In the elaboration of 

this repair plan has been identified the importance of the 

type of accessories affected. For instance, a PD located in 

a position of a joint requires to know exactly the trace of 

the cable system in order to dig and perform repair, while 

PD defects located at terminations require less effort to be 

repair because location is clear. The work required to find 

geographical position of the defect get complex especially 

for lower voltages where documentation about project and 

trace is not easy to find. For this reason, has been included 

this additional and final analysis in this presentation. 

 

Voltage level of 
installation 

PD localized at 
termination 

PD localized at 
midpoint 

(cable/joint) 

< 25kV 43% 57% 

25kV < x ≤ 132kV 49% 51% 

132kV < x ≤ 400kV 30% 70% 

Table 6. Type of element affected by internal PD 

 

This table show that for lower voltages around 50% of the 

defects will be easily repair including replacement of 

termination in preventive maintenance action plan. 

RELEVANT CASES 

Following are described selected relevant cases for each of 

the online PD monitoring strategies applied. 

Spot measurement case 

In this case it is described the diagnostic obtained from a 

PD measurement using two equipment synchronized by 

GPS. Measurement has been carried out during 10 minutes 

on a 12kV cable system 270m long. Back-office diagnostic 

after measurement concludes that exists internal PD 

activity inside cable system and outside on other elements. 

Six defects are in different positions and phases along the 

cable system and three more internal PD phenomena are 

identified coming from outside. Next figure shows 

automatic location PD mapping and phase resolved PD 

patterns for each defect identified. 
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Figure 3. Localization map and PRPDP of defects. 

Temporal monitoring case 

This case shows a temporal monitoring realized on 66kV 

cable system for 4 days. Next figure shows the PRPD 

pattern of internal PD phenomenon and its PD activity 

evolution (amplitude in red and repetition rate in green) 

versus load of the cable system (blue). Relevant 

information is obtained from this experience to 

demonstrate how load on cable system is inversely related 

with PD activity on internal DP phenomena located inside 

termination. Only temporal or continuous monitoring will 

be able to detect incipient defects with sporadic activity. 
 

  
Figure 4. PRPDP and PD activity evolution versus load. 

Continuous monitoring case 

PD activity was detected sporadically in a 220kV cable 

system 4.4km long with continuous monitoring. 

 
Figure 5. PRPDP and 2 months evolution of rainfall 

versus PD activity. 

Localization indicated that defect was at sectionalized 

splice location. Phase resolved PD pattern was not 

characteristic of any already know phenomenon. Some 

months following activity determined that PD appears 

always after rainfall in the area. Analysis of pulses and 

performance shown in the pattern permitted to elaborate 

the hypothesis that exists insulation defect between the 

cable sheaths due to a moisture problem inside the 

sectionalized splice. 

CONCLUSIONS 

Accumulated experience in online PD measurements over 

thousands of kilometres of cable has been collected and 

analysed to extract statistical conclusions divided by 

different level of voltages. The different strategies that can 

be adopted are flexible enough to cover any distribution, 

transport or private installation of cable system. Available 

technologies provide solutions for identification and 

localization of elements affected by internal PD. Results 

demonstrate the higher probability of human errors during 

accessory assembling depending on level of voltage of the 

installation due to the quality of technicians performing the 

job. This set of experiences indicates that operators are 

investing mayor effort for critical installations using 

effectiveness solutions like continuous or temporal 

monitoring while it is preferable to apply just detection 

strategy to optimize predictive maintenance costs. 
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