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2.1 INTRODUCTION 

 

It has been acknowledged that the insulation of the power 

transformers is one of the leading causes of their failures. This can 

easily be attributed to the fact that all power transformers 

connected to electrical power networks bear loads and the load 

causes temperature rise and degradation of the cellulose paper. The 

by-product of degradation includes moisture. The high temperature 

and moisture combine to accelerate the rate of insulation 

breakdown by increasing the material conductivity, σ and also 

increase the aging rate of the transformer.  

This chapter has reviewed some transformer assessments 

and tests as sample data to study the effects of temperature and 

moisture on power transformer insulation conductivity. The results 

from the tests and measurements were analyzed and presented 

accordingly. The analyses of results found that irrespective of the 

assessment technique used, be it Frequency Domain Spectroscopy 

(FDS), Polarization and Depolarization Current (PDC) or 

Recovery Voltage Measurement (RVM), conductivity of the 

transformer insulating materials increases with any increase in both 

temperature and moisture content. 

http://www.staff.utm.my/portalv3/portal/nour
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The power transformer is one of the most critical 

equipment in the power system network. If the insulation is in a 

good state, the transformer will be more reliable. Transformer 

insulation failure could lead to the failure of the whole transformer. 

Determining the insulation condition of the transformer becomes 

paramount on utilities. 

In a power transformer, the conductivity of the insulation 

can be assessed and used to determine because the conductivity 

can reveal the insulation level, stress condition and aging 

characteristics of the power transformer [2]. Excessive increase in 

temperature degrades cellulose and the by-product of degradation 

includes moisture, which contributes to further increasing the 

degradation process. These two variables of temperature and 

moisture content have grave effect on the conductivity of the 

insulation of the transformer. 

This chapter presents a comparative study on the effect of 

the rise in both temperature and moisture content on the 

conductivity of transformer insulation. The scope of this study 

transcends the dielectric response technique used during the 

testing, because irrespective of the assessment technique used has 

shown that the conductivity of insulation materials are gravely 

affected by these two variables  

 

 

2.2 CONDUCTIVITY OF INSULATION (σ) 

 

In insulating materials, conductivity (σ) is an expression of the 

current density (J in A/m2) which is due to an applied electric 

stress (E in V/m) of an insulating material [3]. The conductivity of 

the insulator is related to the resistivity by Equation 2.1 below: 

 

 

 /1                                         (2.1) 

 

Where ρ is the resistivity of the material and it is an expression of 

the conducting behavior of the insulating material.   
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Conductivity, σ, depends on the purity of the material, 

temperature (T) and electric stress € as given [4] by the Equation 

2.2 below: 

 

                                     (2.2) 

 

Where k = Boltzmann Constant and A = Constant.  

 

The conductivity influences the power losses in a dielectric 

material and is responsible for the electrical stress distribution 

under direct voltage application. 

 

 

2.3 EXPERIMENTAL DATA AND ANALYSES 

 

The experimental data used in this chapter were obtained from the 

research on the conductivity of transformer insulation 

measurement and assessment done by [7-12]. The data is 

summarized in the Table 2.1. 

 

 
Table 2.1  Experimental data for transformer insulation conductivity 

 

Sample 
Transformer 

data 

Moisture 

level 
Temp 

Conductivity 

Type Site 
σOil 

(pS/m) 

σPaper 

(pS/m) 

S1 

 

0.22/35 kV 

100 kVA 

50 ppm 

20 0.77 0.5 

O L 

S2 25 1.2 0.55 

S3 50 26.6 5.7 

S4 
20 ppm 

20 0.43 0.22 

S5 45 12.15 2.3 

S6 

10.5 ppm 

20 0.137 0.046 

S7 40 0.547 0.083 

S8 60 2.346 0.583 

 

 

  .
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Table 2.1 (continued) 

S9 

Laboratory 
Model 

 

25 0.95* 0.012* 

N Lab 

S10 30 1.4* 0.025* 

S11 40 3.4* 0.064* 

S12 45 7.2* 0.12* 

S13 65 14.1* 0.7* 

S14 75 28.0* 1.4* 

S15 438/20.5 kV 

500 kVA 

(1973) 

H A 

8*  

N OS S16 6†  

S17 8  

S18 438/20.5 kV 

500 kVA 

(1973) 

H A 

4*  

N OS S19 3†  

S20 3  

S21 438/22.6 kV 
550 kVA 

(1977) 

L A+10OC 

0.06*  

O OS 
S22 0.01†  

S24 438/20.5 kV 
500 kVA 

(1977) 

L A+10OC 
0.06*  

O OS 
S25 0.05†  

S27 

Laboratory 
Model 

0.2% 

40 0.6†  

N Lab 

S28 60 0.8†  

S29 80 1.4†  

S30 40 0.1  

S31 60 0.06  

S32 80 0.3  

S33 

1.8 

40 1.8†  

S34 60 7.1†  

S35 80 55.9†  

S36 40 0.8  

S37 60 7.0  

S38 80 50.9  

S39 

2.3 

40 1.5†  

S40 60 13.3†  

S41 80 87.6†  

S42 40 1.6  

S43 60 11.3  

S44 80 79.4  

S45 

66/11 kV 

7 MVA 

(1968) 

  0.3 0.0025 N OS 

S46 
132/66/11 kV 

30 MVA 

(1966) 

  5.7 0.3 O OS 
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Table 2.1 (continued) 

S47 
330/132/16 kV 

100 MVA 

28-Oil, 

5-Paper 
23 7.6 0.035 O 

OS 

S48 Same as S47 
10-Oil, 

3.5-Paper 
25 1.9 0.022 N 

S49 

66/22 kV 

35 MVA 
(1936) 

36-Oil, 

4.2-Paper 
40 31 2.3 O OS 

S50 

66/22 kV 

45 MVA 

(1959) 

26-Oil, 

3.2-Paper 
40 3.6 0.38 O OS 

 
Indicators: 

O = Oil over 10 years is considered old and aged 

N = Oil below 10 years is considered new and not aged 

H = Moisture content more 20 ppm 

L = Moisture content less than 20 ppm 

OS = On-site   

A = Ambient Temperature 

* = RVM measurement 

† = FDS measurement 

Lab = Laboratory   

 

 

2.5 RESULTS AND DISCUSSIONS 

 

The results for the calculated insulation conductivity from [7-12] 

were analyzed and are presented below. 
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2.5.1 Effect of Temperature Rise on Conductivity and Aging  
 

 
 

Figure 2.1 Chart of varying conductivity in transformer 

insulation due to changing temperatures 

 

 

The Recovery Voltage Measurement, RVM, assessment technique 

done on the oil (Laboratory Model S9 to S14) can be used to show 

how temperature rise in oil can accelerate both aging and 

degradation processes in insulation oils as shown in Figure 2.2 

below. 

 

 
 

Figure 2.2  RVM Spectra at different temperatures showing 

receding time to peak, tp [10] 
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The aging and degradation process in insulators is derived from the 

factor, ρ, [13]. The relationship between the factor and the peak 

voltage and time to peak is given in Equation 2.3 

 

 

)/( pp StU      (2.3) 

  

 

Where: up is peak voltage, s = dU/dt is the rate of voltage rise and 

tp is time to peak. 

From Figure 2.2 and Equation 2.3, it is deduced that as the 

temperature rises, the time to peak, tp, reduces and hence the factor 

ρ will increase; thus leading to accelerated aging and degradation 

of insulator. 

 

 

2.5.2 Effect of Moisture Content on Conductivity  

 

The presence of moisture in any area of high electrical stress, 

especially transformers, can easily lead to accelerated aging and 

eventually lead to the insulation breakdown of the material [14-

15]. From the data in Table 2.1 above, S15 to S26 shows the 

measurement of conductivity in four transformers. Transformers 

S15 to S20 have new but exposed oil and thus have very high 

conductivities. On the other hand, transformers S21 to S26 that 

have old oil but at the same time the oil is secured from the 

atmosphere will have very low conductivities. Therefore, the PDC 

assessment techniques could not be used to measure the 

conductivity of the oil. From these results, it can be seen that the 

conductivity was higher in the former two, irrespective of the 

assessment technique used. 

From the sample S27 to S44, the oil conductivity was 

calculated using both FDS and PDC technique was presented in 

Figure 2.3. 
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Figure 2.3   Both FDS and PDC calculations of conductivity of 

oil sample 

 

 

In the investigation of oil-paper insulation aging, S45 to S50, show 

that the high measured PDC value obtained during the tests were as 

a result of high conductivity, moisture content and advancing age 

of the insulation; as shown in Figure 2.4. 

 

 
 

Figure 2.4   Chart of PDC measurement in five transformers 
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2.5 CONCLUSIONS 

 

The conductivity of insulation materials is a very important quality 

of the insulator. When power transformers in electrical networks 

undergo various load conditions, they experience temperature rise 

that could affect their insulation systems.  

This chapter has reviewed several tests and experiments; 

the results of which have shown that temperature gradients and 

moisture contents in the transformers and oil-paper samples 

increase the conductivity of the oil and paper insulating material. 

When the oil is changed, the conductivity tends to decrease. The 

new transformer oil absorbs the moisture from the degradation of 

the cellulose due to temperature rise and as the paper becomes 

dryer, the conductivity decreases. 

In conclusion, higher conductivities result in accelerated 

aging and will lead to early or abrupt breakdown of transformer 

insulation. Thus, for effective transformer utilization, excessive 

temperature rise must be curtailed and the insulation must be 

prevented from moisture ingression. Regular oil reclamation and 

change will prolong life of the transformer.  
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