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Abstract: This article deals with the problems arising in the electrical measurement of various die-

lectric materials used in power engineering. The article presents the basic quantities and their 

measurement principles. It focuses mainly on parameters measurable in non-destructive measure-

ments, such as volume resistivity, relative permittivity, and dissipation factor. The article draws at-

tention to the problems that may arise during the measurement and thus guides the reader on how 

to measure these parameters correctly. These problems and findings were gathered during several 

different measurements with different types of dielectrics. 
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1 INTRODUCTION 

The dielectric parameters of dielectrics used in the power industry are important properties that can 

greatly affect the properties of the entire device. In the case of dielectric insulation parameters for 

devices that are connected to an electrical grid (for example electrical cables or transformers), these 

parameters affect e.g., the efficiency of electricity transmission or the short-circuit properties in this 

grid.  

These dielectric parameters can change over time, not only with normal increasing insulation tem-

perature, but also in terms of material aging. From the beginning of use the device is subject to 

thermal, electrical, and mechanical stresses, foreign particle ingress and variations in temperature 

and humidity. This deteriorates the insulation parameters and degrades the material. This process 

then tends to be exponential. 

Therefore, it is important to know these parameters, not only when designing these devices, but it is 

advisable to determine them during the operation of the device, for their continuous diagnosis or at 

the end of the life of the device, for possible modifications to the design of new devices genera-

tions. 

Of course, there are many other measurable parameters that indicate the condition of the insulation 

material, whether measurable by mechanical tests or breakdown tests. However, the result is usual-

ly determined by the destruction of the dielectric. 

2 DIELECTRIC PARAMETERS OF MATERIALS 

The dielectric parameters of materials are very closely related to the processes that take place when 

an electric field is applied to a dielectric. These processes are called dielectric polarization. These 

are movements at the level of molecules, atoms, and their particles. Accordingly, the polarization 

can be simply divided into fast and slow, while from a practical point of view, mostly slow polari-

zations are measured, which are more indicative of the state of the material. And above all, these 

types of polarization tend to be energy loss. 
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Dielectric parameters can be divided in several ways. For example, the division according to the 

type of applied voltage when AC and DC tests can be performed. Using an AC voltage, parameters 

such as dissipation factor or relative permittivity of the dielectric can be measured. Using DC volt-

age, it is possible to measure parameters related to dielectric absorption, i.e., polarization and depo-

larization currents or polarization indexes or resistivity derived from them.  

Electrical conductivity and different types of polarizations are dependent on many external factors. 

Therefore, it is possible to create various dependences of parameters on other factors by measure-

ment, while one of the most important is the dependence of a given parameter on temperature. 

Another possibility that can often be encountered when measuring dielectrics is diagnostics with 

variable frequency measurement. For entire devices, such as transformers, this diagnostic is called 

frequency response area (FRA). The so-called dielectric spectroscopy deals with this when examin-

ing materials. It can be a measurement of a given parameter in a very wide frequency range. 

2.1 RELATIVE PERMITTIVITY 

Since all electrical equipment is composed of metal and any kind of insulation, they therefore have 

capacitive properties. The relative permittivity of the dielectric, also sometimes referred to as the 

dielectric constant, determines the magnitude of the electrical capacitance. This parameter is very 

closely related to the dielectric polarization. In general, with a greater value of relative permittivity, 

the capacity increases and with a greater insulation thickness, the capacity decreases. The relative 

permittivity of a specific material indicates a multiple of the vacuum permittivity value 

(0 = 8,8542·10-12 F/m). It is thus a dimensionless quantity. Typical relative permittivity values for 

solid dielectrics are in the range of 2 to 5. 

2.2 DISSIPATION FACTOR 

Dissipation factor (DF) also sometimes referred to as tg δ or loss factor is a parameter, which de-

scribes the quality of the dielectric material. Compared to permittivity, this is a more complex pa-

rameter, which also takes into account the conductivity of the dielectric. It practically indicates how 

much the dielectric differs from the ideal one, through which flows only capacitive current. In prac-

tice, however, such an ideal dielectric material does not exist.  

 

Figure 1: Parallel equivalent diagram of a lossy capacitance with vector diagram 

Instead, electrical measuring on each material can be described according to Figure 1, where the 

current flowing through the resistor represents the current caused by the lossy polarizations and 

conductivity of the dielectric. The loss factor then determines the value of the ratio of the current 

flowing through the resistor to the capacitive current, i.e., the tangent of the loss angle δ. Typical 

values for solid dielectrics can vary widely, usually in the order of 10-5 to 10-1. It is thus a dimen-

sionless quantity, but the value can also be given in a percentage format, i.e., multiplied by 100. 

You may encounter a quantity used primarily in the United States called "Power Factor". This is 

the value of cos , i.e., the ratio of the current flowing through the resistor to the current I. 

497



2.3 VOLUME RESISTIVITY 

In practice, the measurement of volume resistivity involves the measurement of a current with a 

known magnitude of the electric field, the thickness of the material and the area of the measuring 

electrode. In contrast to the relative permittivity and dissipation factor, which are measured in a 

variable electric field, the volume resistivity is measured using a direct current electric field. The 

unit of volume resistivity is Ω·m. 

 

Figure 2: Principal scheme of volume resistivity measurement 

During this measurement, there is practically dielectric absorption of the material. The point is that 

after applying an electric field to the dielectric, a charging current begins to flow, which initially 

has an absolute maximum limited only by the resistance of the source, the leads to the dielectric 

test sample, their sum is shown as R0, and the magnitude of the voltage U. Charging current is giv-

en by the immediate increase of the charge charging the geometric capacity of the dielectric, to 

which can be added an electric charge which flows to the electrodes of the capacitor due to fast po-

larizations. After charging the geometric capacitance, the current theoretically decreases exponen-

tially with a time constant given by a multiple of the capacitance C, mainly caused by the inserted 

dielectric between the electrodes and the resistor R0. In practice, other polarization currents caused 

by other types of polarizations in the dielectric will also contribute to the current. The course of the 

current will not be exponential but will decrease more slowly. The value of the steady current is 

given by the conductivity of the dielectric. The volume resistivity is the value, read from the meter 

60 seconds after applying a DC voltage. In the same way, it would be possible to measure the cur-

rent when the capacitance C is short-circuited and thus to measure the so-called resorption process 

in the dielectric, while it is not possible to measure the volume resistivity.  

2.4 OTHER ELECTRICAL PARAMETERS 

Among the measured parameters, it is appropriate to mention the surface resistivity of the dielec-

tric (Ω), which is important for certain surface dielectrics. Its measurement is performed similarly 

to the volume resistivity, the arrangement of the electrodes is different. 

When using a high voltage dielectric, the electrical strength of the material (V/m) is also very im-

portant. It is measured by impulse, AC or DC electric field, while statistical evaluation of the result 

is necessary. 

3 PRACTICAL MEASUREMENT  

Methods of measuring electrical parameters vary depending on the measuring equipment, often on 

the material being measured.  

3.1 MEASURING SYSTEM 

This article deals with the method of measurement using the Tettex 2830/2831 device and Tettex 

2914 solid dielectric cells. It is a device that can be used to perform very accurate measurements. 
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Figure 3: Tettex 2830/2831 device and Tettex 2914 solid dielectric cells 

It is a device that can be used to perform very accurate measurements, with a built-in AC and DC 

power supply, a measuring bridge, and a sensitive DC current meter. 

The accuracy and limitations of such a measuring system are given by the maximum value of the 

measuring voltage, the sensitivity of the current meter, the quality of the comparator normal capaci-

tor and the size of the measuring electrode. 

3.2 ISSUES OF MEASURING DIELECTRIC SAMPLES 

The basis of successful measurement is good creation and preparation of samples. Dimensionally, 

the samples should ideally extend beyond the edge of the protective electrode, which prevents un-

wanted stray capacitance measurements.  

3.3 THICKNESS OF DIELECTRIC SAMPLES 

It is very important to measure the thickness of the dielectric because it is a parameter according to 

which the volume resistivity and permittivity of the material are automatically measured by an in-

strument into which the thickness data is entered. According to standards dealing with dielectric 

measurements, thickness measurements should be made at several different locations and for accu-

rate measurements the differences should not be greater than 1 %. This rule applies to the meas-

urement of alternating parameters, or to a dielectric soft enough for proper contact between the 

electrode and the dielectric. Unfortunately, when it comes to measuring the volume resistivity of, 

for example, hard polyethylene samples, which in themselves have a very high volume resistivity, 

its measurement is problematic, often unrealistic. Even a small asymmetry of the sample can make 

the measurement impossible. An increase in pressure may help, but even that may not be enough. 

Therefore, I recommend choosing a very small thickness when creating samples with expected very 

high resistivity.  
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3.4 CONDITIONING OF DIELECTRIC SAMPLES 

The measurement can also be influenced by the way the sample is stored before the measurement, 

their so-called conditioning. Standards for some measurements and materials require that the ambi-

ent temperature and humidity of the samples be maintained for some time before the measurement 

begins, taking into account the ability of the material to absorb moisture. It is often convenient to 

remove the electric charge by grounding the sample surfaces with zero potential. Otherwise, the 

charge may interfere with the DC tests. At the very least, it is advisable to carry out the charge re-

moval before starting a new measurement, at least for the previous period of application of the DC 

field on the sample. If the charge is not removed, an incorrectly measured volume resistivity value 

may appear to be higher. 

3.5 TEMPERATURE OF DIELECTRIC SAMPLES 

Maintaining the sample temperature during measurement is also crucial. As already mentioned, the 

measured parameters are very temperature dependent. Problems arise especially when measuring at 

higher temperatures, which are common in polymeric materials.  

The Tettex device can regulate the temperature with an accuracy of approx. 2 °C by means of tem-

perature sensors and direct heating of the electrodes. However, reading the measured values in this 

temperature range can lead to a significant error in the measurement. The main problem is the read-

ing of volume resistivity in 60 seconds, when due to the temperature it is difficult to schedule the 

reading. 

4 CONCLUSION 

The main text contains information that should be known to the reader who is going to measure the 

electrical parameters of dielectric materials. These possible measurement errors, which can usually 

be partially avoided by careful preparation for the measurement, only supplement other possible 

measurement uncertainties. These can form, for example, air bubbles in the material, or inhomoge-

neously distributed impurities or other impurities. 

Therefore, for accurate measurements, several samples of identical material should be prepared and 

the results arithmetically averaged and the standard deviation determined. Usually there is a suffi-

cient number of five samples, which is also the recommendation of the standard. 
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