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11  IINNTTRROODDUUCCTTIIOONN  

 

From the point of view of reliability, insulation is the most sensitive point of electrical equip-

ment participating in the production and distribution of electrical energy. The reason for oc-

curring failures is often the ageing of insulation, within the equipments and cables, due to 

stresses. Thorough decisions can only be made if the condition of the equipment is known via 

the asset management of the equipment. The condition of these assets can be monitored with 

frequent diagnostic tests. 

 

In modern electrotechnology, there are lots of insulating materials for engineers planning 

equipment, cables and cable accessories. The chemical industry is supporting the increasing 

expectations surrounding insulation, with the production of complex materials. Previously 

deployed diagnostic measurements, based on experience, are not applicable for condition as-

sessments of insulation made from modern insulating materials. This is due to the fact that the 

ageing of insulation is slow process, and can be measured in decades. Diagnosis of insulation 

is always happening after the appearance of new insulating materials. That is why, that for the 

diagnosis of modern insulation materials – in the absence of better alternatives– the existing 

conventional diagnostic methods are applied. However, there are different chemical reactions 

that determine the ageing of insulating materials. Different chemical processes are affecting 

the different physical parameters of the materials, which mean that different physical charac-

teristics are changing, due to the ageing of the material. Since with conventional diagnosis, 

the same physical parameters are examined, and the condition of insulation is mostly deter-

mined based on the same thresholds, one can often come to a false diagnostic decisions. 

 

The Group of High Voltage Engineering and Equipments at Budapest University of Technol-

ogy and Economics has been dealing with insulation diagnostics. The results of János Eisler, 

András Csernátony-Hoffer, Tibor Horváth and Endre Németh are considered to be especially 

notable throughout the world. At the moment, an intensive research programme is being con-

ducted in cooperation with Paks NPP Ltd. and E.ON Hungária Ltd. One of the results of this 

research is the new complex approach towards insulation diagnosis, which is the topic of this 

dissertation. 

 



ZZOOLLTTÁÁNN  ÁÁDDÁÁMM  TTAAMMUUSS  

  AAPPPPLLIICCAATTIIOONN  OOFF  CCOOMMPPLLEEXX  IINNSSUULLAATTIIOONN  DDIIAAGGNNOOSSTTIICCSS  OONN  LLOOWW  VVOOLLTTAAGGEE  CCAABBLLEESS 

3 

 

22  AAIIMMSS  

 

In the dissertation, the complex diagnostic method is discussed, which is suitable for the clari-

fication of contradictions resulting from the conventional insulation diagnostic approach. The 

complex insulation diagnosis is based on the material, and the aging processes which are cha-

racteristic of the material. The method attempts to define a set of thresholds, based on the var-

ious parameters which change during ageing, with accelerated laboratory ageing tests. The 

thresholds indicate if the insulation is at the limit of safe operation. 

The dissertation is presenting the complex (processes that are consisting of parallel chemical, 

mechanical and electrical measurements) on-site non-destructive diagnostic system and its 

results (suitable to examine complex insulation that is exposed to complex stress).  

 

 

 

 

33  TTHHEE  RREEVVIIEEWW  OOFF  DDIISSSSEERRTTAATTIIOONN  

In the first part of the dissertation the methods that are most frequently used in cable diagnosis 

are reviewed and the theoretical background to these methods is discussed. Then the limita-

tions affecting the application of current methods on low voltage cables are detailed. 

The complex insulation diagnosis methodology developed by the candidate is introduced.  

It will be shown how the most suitable methods for PVC insulated low voltage cables can be 

defined with the help of complex diagnostics, as well as the accompanying thresholds, indi-

cating the end of the expected lifetime of the cables.  

Consequences are drawn as a result of model calculations, finding that the voltage response 

method is applicable for the examination of condition of polyethylene cables, and these re-

sults are confirmed by experiments. 

With the usage of a simplified electric model of combined cable lines, a new measurement 

method was developed. The condition of the oil-paper insulation of the cable lines could be 

determined by the using this newly developed method. These results were confirmed by la-

boratory measurements. 

 

.  
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44  TTHHEESSIISS  

 

1. Thesis  

 

A complex insulation system was developed, which is suitable for the more efficient con-

dition monitoring of low voltage cable made of different insulating materials that are 

commonly used nowadays. Efficiency is ensured by the procedure that selects the me-

thod with the least, but the necessary, most sensitive and non-destructive on-site mea-

surement. This procedure is a complex insulation diagnostic system which is applying 

different – occasionally parallel – stresses on cyclical laboratory aging processes and 

parallel electrical, mechanical and chemical material structural examinations [1, 2, 3, 4, 

5, 6, 7, 8].  

 

In the past, the condition assessment of low voltage cables was not a vital question for experts 

dealing with insulation diagnostics, since the cost of low voltage cables and the cost relating 

to the replacement of them is not as expensive as that of medium and high voltage cables. In 

the past, low voltage cables were replaced without diagnostic with the reconstruction of pre-

mises. This approach has only recently changed when the refurbishment (extension of opera-

tion time) of power plants especially nuclear power plants became necessary all over the 

world, from a technical and economical point of view. Most diagnostic methods developed 

for medium and high voltage cables are not applicable for low voltage ones, since their test 

voltage is normally higher than the nominal voltage of low voltage cables; even the test vol-

tage used at cable production. The test methods used at the moment are measuring the me-

chanical parameters of low voltage cables, and are destructive. 

The complex insulation diagnostic system is a solution for a non destructive testing of low 

voltage cables. 

Firstly, it is necessary to identify the stresses of insulation, and then based on this, carry out 

the accelerated laboratory aging tests. Next, as a result of parallel chemical, mechanical and 

electrical tests, the most characteristic degradation processes are identified. Thirdly, the most 

sensitive parameters, those that indicate ageing, are identified. Then, a threshold which marks 

the end of the life time has to be found with cyclical aging tests. The final part is working out 

a measuring method which is suitable for non destructive on-site measurement. 
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The complex insulation diagnostic method is a new approach. Where there is complex stress, 

insulation in which parallel aging processes take place therefore requires a complex examina-

tion for condition assessment. 

To sum it up, when carrying out the complex diagnostic, first the characteristic aging process 

of the material is identified, then the changing physical parameters as a result of aging 

processes are set and the finally a threshold is determined, which is characteristic of the phys-

ical parameters that can indicate if the insulation is reaching limits of safe operation. 

 

2. Thesis  

 

By using of the voltage response method, a complex insulation diagnostic method was 

developed for PVC insulated cables. It was concluded and proved that the initial tangent 

of decay voltage as measured on PVC insulated cables is proportional with the thermal 

aging of cable insulation. This tangent indicates the decay of breakdown voltage and the 

collapse insulation capability in the near future if it exceeds the threshold of the result of 

the aging test. [6, 7, 8, 9, 10, 11, 12] 

 

Multistage complex insulation diagnostic examination was carried out on PVC insulated low 

voltage cable samples. In the first part of the examination several chemical (thermal stability, 

DSC), mechanical (density, degree of gelation, elongation, tensile, hardness, indenter) and 

electrical (leakage current, loss factor voltage response, breakdown) tests were carried out in 

parallel. The conclusion of this stage showed that low voltage PVC cable ageing can be indi-

cated most sensitively by the changing of thermal stability, hardness, loss factor and voltage 

response. 

In the second phase, a cyclical, laboratory aging monitoring system was set up to determine 

the threshold which indicated the end of life time, relating to the measuring results of thermal 

stability, hardness, loss factor and voltage response. The thermal ageing of PVC-insulated low 

voltage cables can be tracked non-destructively with the voltage response method. The initial 

tangent of decay voltage increased during the aging cycles, as indicated by examination. The 

initial steepness of decay voltage can be monitored as a characteristic of the thermal ageing of 

PVC cable. 
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3. Thesis  

 

It was concluded that the applicability of the voltage response insulation diagnostic me-

thod on modern PE cables is limited, due to the excellent insulating properties. With the 

development of the voltage response method, ageing tests were carried out on polyethy-

lene and cross linked polyethylene insulated cable samples. A correction method was 

developed, which takes into consideration the electrical parameters of the measuring 

systems (voltage response, capacity). This correction method enables application of the 

voltage response method on laboratory measurements of sort length PE cable samples.  

 

The voltage response method is based on the assumption that the characteristics of the recov-

ery voltage, after the charging and discharging of the insulation, are determined by conductive 

and polarization processes. However, this cannot be carried out in practice, since the mea-

surement is influenced by the insulation resistance and capacity of the measuring system. Ac-

cording to Endre Németh, if the insulation resistance of the measuring system is at least two 

order of magnitude higher than the insulation resistance of insulation under test, and the ca-

pacity of the measuring system is at least two order of magnitude lower than the capacity of 

insulation under test, then the impact of the measuring system is negligible. However, his cor-

rection method is only taking the capacity of the measuring equipment into consideration. 

To solve this problem a correction method was worked out by using a simplified mathemati-

cal model of insulation and measuring system. With the help of this method, the error caused 

by the measuring system can be corrected (due to the knowledge of voltage response and ca-

pacity of measuring system). The mathematical model was validated by laboratory measure-

ments.  

The significance of this solution is that, to implement the correction, it is not necessary 

to know the resistance of the measurement system. It is enough to determine the capacity of 

the measuring system and, before testing, the tangent of decay and the return voltages of the 

equipment which has to be measured.  
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4. Thesis  

 

In the case of cable lines, which consist of oil-paper and polyethylene insulated sections, 

the condition of the oil-paper insulated section cannot be determined by measurement of 

voltage response. With the newly developed correction method, the advanced ageing of 

oil-paper insulated section can be determined by voltage response measurement on the 

cable line, if the length of the oil-paper is within a given range.  

One of the possible methods of diagnosing mixed cable line is the oscillating wave 

testing method. This is a selective partial discharge (PD) examination method, which is capa-

ble of determining the place and the intensity of PDs, through analysis of the travelling wave 

created by PDs on the cable line. This method is not suitable for testing wet cables, because 

PDs cannot be formed due to moisture filling up cavities. Also, the propagating waves are 

absorbed by the attenuation of wet sections. Therefore, the oscillating wave testing method 

can not be used on wet cable lines. 

The voltage response method is not a selective measuring method, so the local faults 

of insulations cannot be detected, but the general ageing can. 

The mathematical model of voltage response measurement on mixed cable lines has 

been developed. Based on this, a correction method was developed, enabling the selectivity of 

the voltage response method to be increased. Using this method, the thermal ageing and mois-

tening can be measured on the oil-paper section. The base of the correction method is the tan-

gent of decay and return voltages of modern (XL)PE cables growing to a smaller extent while 

ageing, than that of the oil-paper insulation. By using the developed correction method, the 

voltage response of oil-paper insulation can be determined by measuring the voltage response 

of two parallel insulations, if one of the voltage responses is within a narrow range. To do this 

correction, only the capacities of two insulations have to be known. The advantage of this 

method is that the changing of the capacity of the insulation during ageing is negligible. 

The results were confirmed by measurements on the mixed insulated cable line model.  
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