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ABSTRACT 
This paper presents a study of the impact of two important parameters, moisture and 
aging of the oil/paper dielectric used as insulation in power transformers.The way in 
which these two parameters influence different parameters of the Frequency Domain 
Spectroscopy (FDS) measurements, is emphasized.Different FDS parameters were 
measured by varying the moisturecontent and the aging degree of the oil impregnated 
paper.The use of two types of neural networks for analysis of the results was necessary 
in order to help discriminating the impact of moisture and aging on the FDS 
measurements and, in some cases, to estimate the aging duration of the paper 
impregnated with oil. 

Index Terms —Power transformer, neural networks, FDS, power factor, dielectric 
dissipation factor, paper oil insulation. 

 

1 INTRODUCTION 
POWER transformers play a crucial role in the 

transmission and distribution of electrical energy. Because of 
their very high cost, maintenance of power transformers is 
required to increase their lifetime. Despite major progress in 
electrical and mechanical design of power transformers, the 
weakest component remains their insulation system. The 
composite oil/paper system has been used as the main 
insulation for more than a century [1]. 

Interactions between electrical, thermal and chemical stresses 
during the operation of the power transformers acceleratethe 
deterioration of the system insulation (oil-paper). This leads 
to the weakening of the mechanical characteristics of the 
insulation paper (cellulose). As a consequence, the 
deterioration of paper can lead to short circuits resulting in the 
transformer failure. Degradation and aging of insulation is, 
consequently, recognized as one of the major causes of 
transformer breakdown [2–10]. In order to ensure the proper 
functioning of these transformers, several diagnostic 
techniques are used with the aim of knowing the condition of 
the transformer insulation system and taking the necessary 
measures for its care and its maintenance. Among the offline 
low voltage diagnostic techniques, Frequency Domain 
Spectroscopy (FDS) is being investigated for testing and 
diagnosing reliably and efficiently power equipment [9-15]. 

In the last decades, studies and work have been performed 
to improve our understanding of dielectric response 
interpretation [2–21]. 

FDS measurement techniques provide an indication of the 
general aging status and moisture content of the oil-paper 
insulation of a transformer. However, the results of these tests 
are greatlyinfluenced by several environmental factors, 
predominantly the temperature, moisture and insulation aging 
[2-6, 8-10, 15, 22, 23]. 

For an accurate interpretation of the measurement results, 
it is essential to understand the impact of moisture and aging 
on the FDS measurement results. In the current research 
project, the aging condition and the moisture content of oil 
impregnated paper samples have been varied over a 
controlled range, and their effects on the dielectric response 
measurements have been investigated. Experimental results 
are provided in this paper to demonstrate the effects of both 
aging and moisture content of oil impregnated paper on the 
FDS results. 

The aim of this contribution is to study the impacts of 
aging and moisture on the dielectric response of oil-
impregnated paper. New approaches based on neural 
networks are used to understand the effect of moisture and 
aging on the FDS measurements of the oil/paper insulation 
system. 

Manuscript received on 22 May 2014, in final form 20 January 2014. 



2 EFFECT OF MOISTURE AND AGING 
ON THE FDS RESPONSE 

 
Theoretical and experimental results have been reported in the 
last decades to demonstrate the effects of temperature, electric 
field, aging by-products such as carboxylic acids, uncertainty 
of paper and pressboard density and moisture content on the 
FDS results [24]. The presence of conductive aging by-
products in the oil may yield an overestimation of moisture 
content in pressboard. Some separation attempts have been 
reported recently [12, 25-27], but it must be emphasized that 
moisture and aging separation still constitute a challenging 
point in this domain. 
Inside a transformer, short and long chain carboxylic acids are 
produced in the aging of cellulose and oil. Cellulose aging 
mainly produces short chain acids being water soluble, while 
oil aging produces long chain acids predominantly oil soluble. 
Most of the short-chained acids remain inside the pressboard. 
Their contribution to the response of the solid insulation is 
similar to the contribution from moisture whereas, long 
chained acids possibly show a little contribution in pressboard 
of low humidity, but none whatsoever when the paper or 
pressboard is moist [24]. 
According to Saha et al [12], moisture content has a dominant 
influence on nearly all electrical based diagnostic techniques 
for assessing the condition of insulation, and indeed, masks 
their capability to determine the presence and extent of aging 
by-products of the insulation [12]. Saha et al [12] advocated 
that there are two main reasons why electrical techniques 
mostly do not provide good measures of the aging of 
insulation. The first is the dominant effect of moisture on 
most electrical properties. The second is that the electrical 
properties of the oil impregnated paper and pressboard are 
probably more a complex function of oil and cellulose. 
Therefore, electrical techniques may be not very sensitive to 
measure the extent of aging of paper/pressboard insulation 
[12]. 

3 EXPERIMENTAL SETUP 
The measurements were performed on calendared pressboard 
samples (80 mm x 80 mm and 1 mm thick). These paper 
samples were carefully dried in a vacuum (<1 mbar, 48 h at 
105°C) before impregnation. Then, impregnation with 
degassed and dried commercial grade mineral oil (moisture 
content < 5 ppm) was performed. After impregnation, thermal 
aging was carried out on the samples in an oven at 115°C for 
the extended durations of 250, 500, 750 and 1000 hours, 
under air inlet. This aging procedure, which is similar to that 
described in the ASTM D1934 [28], allows for the study of 
the stability of electrical insulating oils under oxidative 
conditions. The procedure consists of aging the new materials 
within unsealed beakers, and requires that the tested material 
include all other significant materials used in the system. 
Metallic catalysts (3 g/l copper cuttings) were sealed in filter 
paper and immersed in the beaker. Small samples of the 
pressboard were included in the aging vessel for Karl Fisher 
titrations and the degree of polymerization (DP) 
measurements. The moisture content inside the aged oil 
impregnated paper was regularly assessed by Karl Fisher 

titration. After aging, the samples were allowed to cool down 
to room temperature and removed from the oil. Paper samples 
were then removed from the beaker for moisture 
measurement and dielectric tests. It should be pointed out that 
only initially dry paper has been aged and that the water 
involved has been adjusted after aging.For each level of 
aging, the moisture of samples was adjusted (by drying or 
humidification process) to obtain different combinations of 
ageing and water content. As diffusion through pressboard 
can take long time, the oil impregnated pressboard was stored 
in the oil weeks before experiments started. Measurement has 
therefore been performed weeks after water content in the oil 
impregnated paper samples stabilised at an expected value. A 
coulometric titration cell was used to determine the water 
content by heating the samples in anexternal oven at 160°C 
[29]. The summary of the different test samples, with their 
corresponding aging and moisture content status after aging, 
is presented in Table 1. 

Table 1. Summary of the test samples. ■: data used for learning; □: data 
used for validation. 

 Not aged Aging duration (hours) 
 0 250 500 750 1000 

M
oi

st
ur

e 
in

 p
ap

er
 (

%
) 

0.60 0.50 0.50 0.60 0.50 
0.90 0.90 0.90 0.80 1.00 
1.20 2.00 2.30 1.50 1.40 
1.30 2.50 2.80 2.20 2.10 
1.50 3.60 3.20 3.90 2.30 
1.90 3.80 4.50 5.00 2.60 
2.20 4.00 4.90 5.10 3.40 
2.90 5.00 5.60 6.00 3.60 
3.30 5.40 

  
4.70 

4.50 6.10 
  

5.00 
5.30 6.30 

  
5.40 

The portable user friendly equipment (IDA 200) was used 
to evaluate the frequency scan of insulation material 
properties in a wide frequency range from 10-4 to 103 Hz at a 
voltage of 140 Vrms. This instrument enables the frequency 
scan of a wide range of parameters, including the capacitance, 
power factor (PF), dielectric constant and dielectric losses 
(DDF or Tanδ), the phase (ArgZ) measurements, etc. For 
each sample, the frequency scans of the FDS measurements 
were recorded at room temperature T = 25°C. The measuring 
cell for solid dielectric (Guard ring capacitor - type 2914 with 
temperature control unit - type 2967, by Tettex Instruments) 
was used. 

4 INVESTIGATION RESULTS 
It was shown that the Frequency Domain Spectroscopy 

(FDS) measurement techniques provide an indication of the 
general aging status and moisture content of the transformer’s 
oil-paper insulation [2-6, 15, 30, 31]. 

To study the impact of moisture and aging of the paper on 
the frequency domain spectroscopy responses, different tests 
were conducted by varying the moisturecontent and the aging 
rate of the paper.To highlight the impact of moisture on the 
dielectric properties, a set of samples having the same degree 
of aging and different moisture contents, were taken into 



account on one hand. On the other hand, the effect of aging 
was studied, by considering a set of samples aged at different 
rates and having almost the same moisture content. 

The frequency scan of the dielectric dissipation factor and 
the phase are represented in Figures 1 to 4. 

In this study, the selection of phase, which is the 
impedance argument of the oil impregnated paper sample, is 
justified by the fact that the value of the dielectric parameter 
varies between -90° and 0° over the entire measuring 
frequency range. This parameter refers to the capacitive or 
resistive effect but not on the capacity and resistance values 
which depend on the sample geometry. Figures 1 and 2 
represent, respectively, the frequency scan of the dielectric 
dissipation factor and phase as a function of aging at 
approximately the same moisture content (around 2% in the 
paper). From Figure 1, it can be observed that the dielectric 
dissipation factor increases with the aging rate of the 
pressboard. 

 
Figure 1. Influence of aging on the frequency scan of the dielectric 
dissipation factor; the moisture content inside the samples was conditioned 
around 2%. 

This phenomenoncan be explained by the fact that the 
degradation of dielectric materials has the effect of increasing 
the conductivity and decreasing the resistance. 

Figure 2 shows the evolution of the phase angle as a 
function of the aging duration. It can be noticed that for 
unaged paper, the impedance depicts a globally capacitive 
behavior. This is because for a perfect dielectric,σ=εr"=0, the 
current is obviously ahead of -90°. However, due to dielectric 
losses, represented by the term εr" and leakage currents 
related to the conductivity, the average current angle over the 
entire frequency range is close to -90°. 

The results represented in Figures 3 and 4 depict the 
frequency scan of the dielectric dissipation factor (tanδ or 
DDF) and phase angle as a function of moisture content of the 
paper, respectively. The 500 hours aged paper samples were 
considered for these investigations. 

From Figure 3, it can be seen that the dielectric dissipation 
factor (DDF) increases with the moisture content of the paper, 
indicating that the DDF worsens with moisture increase. 

 
Figure 2. Influence of aging on the frequency scan of the phase; the 
moisture content inside the samples was conditioned around 2%. 

 
Figure 3. Influence of moisture content on the frequency scan of the 
dielectric dissipation factor. 

 
Figure 4. Influence of moisture content on the frequency scan of the 
phase. 

Figure 4 shows the evolution of the phase angle as a 
function of the paper’s moisture content. It can be observed 
that the phase angle is also influenced by aging. From this 
figure, it can be reported that for unaged paper, the impedance 
is almost capacitive, while aged papers depict a resistive 
behavior,especiallyat lower frequencies. It may be noted also, 
in the case of 4.9% humidity, a slight inductive-like behavior 
of the phase (above the zero degree) especially at low 
frequencies. This can be explained by the fact that where 
moisture content and/or degradation are high, the dielectric 
begins to present non-linear behaviors [5, 8] 

These preliminary analyses were performed to emphasize 
the effect of aging and moisture content of the oil 



impregnated paper on the FDS measurements. It was found 
that when moisture content and aging rate increase, the phase 
angle shows that dielectrically, the oil impregnated paper 
changes from capacitive to resistive, especially at lower 
frequencies, while the dissipation factor (tanδ) increases. 
Despite the results of this analysis, it was also noticed that the 
impact of moisture on the FDS is more significant and 
dominant than that of aging. Thus, the FDS measurements are 
more sensitive to moisture than aging. 

To deepen the analysis of the measurements, a model is 
needed that both, determines a relationship between aging and 
moisture content of the paper and the measures of the FDS. 
The model selected for this task is artificial neural networks 
analysis, as explained in the next section. 

5 ANALYSIS BY ARTIFICIAL NEURAL 
NETWORKS 

Given the difficulty of establishing an analytical 
relationship between the different parameters of the frequency 
domain spectroscopy measured on one half and the moisture 
and aging on the other half, the use of artificial neural 
networks seems to be a good tool to establish this 
relationship. The use of neural networks assists in 
determining a model for establishing a relationship between 
the state of isolation and parameters of the FDS 
measurements and, consequently, the prediction of the 
isolation state. To do this, the FDS measurements carried out 
in this study will be used as a database to teach and then 
validate the neural networks model. 

A neural network is a system composed of several simple 
calculation units operating in parallel.These calculations 
units, called neurons, are interlinked by connections known as 
the synaptic weight, as inspiredby biological neural networks, 
used to store the knowledge.This knowledge is acquired by 
the network through a learning process. The possible 
arrangements between neurons are multiple. The classic 
configuration is called multi-layer perceptron. In this 
architecture, the neurons are organized into layers, as shown 
in Figure 5.The operating principle of a neural network is, 
therefore, to have a knowledge database consisting of pairs of 
input/output and to use this database to determine the synaptic 
weights [32-34]. 

 
Figure 5.Neural network Structure with 3 layers. 

Figure 5 illustrates the architecture of a neural network 
with its three layers: the input layer, the hidden layer, and the 
output layer. 

This type of neural networks is referred 
as“supervised”since the corresponding output for each input 
should be provided. There are other types of neural networks 
which areunsupervised. This type of network will be used 
later in this article. 

A database has been developedto teach and validate the 
neural network used in this study. The database consists of 
the Frequency Domain Spectroscopy (FDS) measurements. In 
order to prepare this database, paper samples underwent an 
aging of 250, 500, 750and 1000 hours in an oven at a 
temperature of 115°C, after having been previously 
impregnated with oil. Following the aging, the 
moisturecontent was conditioned at different values varying 
from 0.5% to around 6% (see "Experimental setup" for more 
detail). 

Table 1 shows all the different tests carried out in this 
study, i.e., a total of 49 tests. 

For each test the FDS parameters are measured on the 
frequency range between 10-4 and 103Hz in 22 measurement 
points as shown in the examples in Figures 1 to 4. The 
dielectric parameters determined by FDS measures and taken 
into account for learning and validation of the neural network 
are dielectric dissipation factor (Tanδ), power factor (PF) and 
the phase (ArgZ). 

The neural model used in this study uses the dielectric 
parameters determined by FDS measurements (Tanδ, FP or 
ArgZ) as inputs and gives the aging and the moisture content 
of the insulation paper as outputs. In this case the neural 
network is considered as a mathematical model to link the 
parameters of the FDS and the state of the paper. In other 
words, it allows estimating the moisture and aging of the 
paper. Figure 6 shows the schematic diagram of the neuronal 
model used. 

 
Figure 6. Schematic diagram of the neuronal mode used. 

The input layer of the neural network used will consist of 
22 inputs in the case of use of the dielectric dissipation factor 
(Tanδ), the power factor (PF), or the phase (ArgZ), and 44 
inputs in the case of the use of the set (ArgZ+FP). The latter 
case is used to determine whether the use of several 
parameters in combination improves the estimation of the 
state of the paper insulation. The output layer will consist of 
two outputs that representthe moisture value and the degree of 



aging. The hidden layer will consist of 16 neurons. This value 
was determined experimentally by varying the number of 
neurons in the hidden layer and by calculating the coefficient 
of determination between the output of the network and the 
target.The "coefficient of determination" (R2) is used to 
measure the similarity between estimated and measured 
values. A value close to 1 indicates the best estimate. 

Figure 7 shows the evolution of the coefficient of 
determination as a function of the number of neurons in the 
hidden layer. Our choice is confirmed by noting that R2 
becomes constant from 16 neurons. 

 
Figure 7.Coefficient of determination as a function of the number of 
neurons in the hidden layer. 

In order to start the learning and validation of the neural 
network, the database, consisting of 49 tests carried out for 
this study, is divided into two parts. The first part is dedicated 
to the learning of the neural network and the second to the 
validation. 

To improve the performance of the neural network in order 
to have good learning and, subsequently, a good estimate, the 
tests used for learning were chosen in such a way that for 
each aging level the moisture is chosen so that it covers the 
range of possible moisture variation. 

Cells marked in grey in Table 1 constitute the tests used 
for the learning of the neural network (20 tests). The rest of 
the tests are used for validation (29 tests). 

Figure 8 shows the distribution of the different tests 
depending on moisture and aging. Note that the tests used for 
learning are distributed uniformly throughout space 
aging/humidity to ensure a better representation of the entire 
database. 

Four neural networks have been learning. Each learning 
has been conducted by one of the following parameters: 
dielectric dissipation factor (Tanδ), power factor (PF), phase 
(ArgZ) or the set (ArgZ + FP), all using the 20 tests of 
learning described in Table 1. 

After the learning step, the neural networks have been 
validated by the 29 validation tests mentioned in Table 1. 

The results of the validation are summarized in Table 2. 

 
Figure 8. Various tests used in this study. 

Table 2. Results of the estimation of the moisture by the neural network. 
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Estimated moisture (%) 

ArgZ Tan(δ) PF ArgZ+PF 

00h 

0.90 0.65 0.68 0.96 0.69 
1.20 0.92 1.93 1.74 0.99 
1.30 0.64 0.65 1.10 0.59 
1.50 0.67 0.74 1.15 0.82 
1.90 0.56 1.16 1.11 0.75 
2.90 1.89 0.46 1.58 2.32 
3.30 2.95 2.46 2.48 2.51 
5.30 5.07 4.74 3.91 4.81 

250h 

0.90 0.94 1.01 1.55 1.00 
2.50 2.58 2.15 2.01 2.63 
3.80 3.24 3.92 3.61 3.94 
5.00 5.23 4.90 4.81 4.67 
6.10 5.24 5.86 5.51 5.33 
6.30 5.13 5.31 5.64 6.00 

500h 

0.90 0.57 0.85 0.60 0.52 
2.80 2.87 2.41 2.61 3.47 
4.50 3.48 3.22 3.82 3.61 
4.90 5.28 4.87 5.02 4.93 

750h 

0.80 0.60 0.80 0.86 0.72 
2.20 2.23 2.11 2.31 2.65 
5.00 5.61 5.91 5.90 5.40 
6.00 6.34 6.25 5.15 5.92 

1000h 

1.00 1.07 1.62 1.13 1.55 
2.10 1.37 2.19 1.97 2.39 
2.30 1.72 2.32 2.20 3.63 
3.40 4.14 4.16 3.51 4.44 
3.60 5.51 4.72 2.85 3.68 
4.70 4.78 4.32 4.24 5.25 
5.40 5.16 4.80 5.63 5.29 

Coefficient of 
Determination (R2) 

0.8885 0.8544 0.9123 0.9012 

In order to better see the importance of the results in Table 
2, these results have been graphically reproduced. Figures 9-
12 represent, respectively, the measured moisture values 
compared with the moisture values estimated by the neural 
network from the phase (ArgZ), Tan (δ), power (FP) and the 
set (ArgZ+FP). 



 
Figure 9. Comparison between the measured and estimated moisture 
(using phase). 

 
Figure 10. Comparison between the measured and estimated moisture 
(using dielectric dissipation factor (Tanδ)). 

 
Figure 11.Comparison between the measured and estimated moisture 
(using power factor (PF)). 

The analysis of the results shows that the neural network 
makes estimates, moisture values corresponding on the 
different tests with some precision. To determine which of the 
parameters provides the best the "coefficient of 
determination," which measures the similarity between 
estimated and measured values, was calculated. From these 
results, it may be noted that the estimation of moisture using 
the FP or the set (ArgZ and FP) provides the best estimates 
since their coefficient of determination is closer to 1. 

 
Figure 12.Comparison between the measured and estimated moisture 
(using power factor (PF) and phase). 

In the cases of the aging estimation, the neural network 
was unable to correctly estimate it,as shown in Figure 13. 
This confirms again that the impact of moisture on the 
parameters of frequency dielectric spectroscopy (FDS) is 
more significant and more dominant than the aging; and, in a 
general way, the FDS measurements are more sensitive to 
moisture than to aging.How can this sensitivity vary 
depending on moisture and aging? To answer this question 
and understand the way in which aging and moisture 
influence the dielectric parameters of the FDS measurements, 
it was decided to use another type of neural networks, called 
a"Self-Organizing Map" (SOM-ANN). Its architecture is 
presented in Figure 14. 

 
Figure13.Comparison between the measured and estimated aging (using 
power factor (PF) and phase). 

In this model, the data inputare sorted into classes which 
are automatically organized based on a two-dimensional 
structure of nodes. The output of each neuron represents a 
particular class. The neurons would compete in such a way 
that only one neuron is activated for a given input. The 
learning makes it possible to classify the data that have any 
redundancy in an unsupervised and autonomous way. The 
algorithm of this learning model is described in [35]. 

The inputs of this neural networksmodel are the dielectric 
parameters of the FDS measures (Tanδ, FP orArgZ), while 
outputs represent the different classes. In this case, for each 
FDS measure in the input, the neural network activates in the 
output the corresponding class. 



The neural network inputs will be formed by 22 inputs in 
the case of using the dielectric dissipation factor (Tanδ), the 
power factor (PF) or the phase (ArgZ) and by 44 inputs in the 
case of using the set (ArgZ, FP). The number of output will 
be equal to the number of selected classes. 

The database used for learning consists of all tests 
performed for this study. These tests(a total of 49) are 
represented in Table 1. 

In this case unsupervised learning was carried out. This 
means that only the dielectric parameters of the FDS will be 
presented at the neural network inputs without providing the 
moisture or aging degree. In this case, the neural network will 
start the learning autonomously, based on the shape of the 
dielectric parameter curves of the FDS and their redundancies 
in order to group them in classes. 

After several trials by varying the number of classes and 
by checking the results of each class at the end of each 
learning, it was noted that the best classification results were 
obtained with four classes. The use of more than four classes 
led to an overlap between the classes and inconsistent 
identification. This problem is shown in Figure 15, which 
represents the classification results of the various tests by the 
neural network by using 5 classes. 

 
Figure 14. Structure of a self-organizing map. 

Figure 16 shows the various tests used in this study (49 
tests: see Table 2) grouped into four classes by the neural 
network. The same classification resultshave been obtained 
using the dielectric dissipation factor (Tanδ), the power factor 
(PF), the phase (ArgZ) or the set (ArgZ+FP) for learning. 

The results of Figure 16clearly show the effect of aging 
and moisture on dielectric parameters of the FDS. 

As shown in Figure 16, the four classes were separated 
with lines, which define the boundaries between them. It can 
be seen that when the moisture increases, the slope of the 
lines between the classes, increases until it becomes vertical. 
This outcome means that when the moisture is high the effect 

of aging is negligible as shown in Class 4 on Figure 16.On the 
other hand, if the moisture is low, the influence of aging can 
be clearly seen.Higher moisture contents mask the capability 
to determine the insulation aging [12]. 

According to the results obtained, in some cases, the aging 
degree of the paper can be estimated provided the range of the 
moisture is known.For example, if for a given FDS measure, 
the moisture varies between 1% and 2%, the value that can be 
estimated by the first neural network, and the second neural 
network identifies this measure as Class 1, as shown in Figure 
16, it may be noted that the ageing degree is lower than 500h. 
However, if for the same moisturevalue the second neural 
network identifies this measure as Class 2, then, as shown in 
Figure 16, it may be noted that the aging degree is greater 
than 500h. 

 
Figure 15. Various tests used in this study grouped into five classes by the 
neural network. 

 
Figure 16. Various tests used in this study grouped into four classes by 
the neural network. 

In this study the neural network was able to give good 
classification results by using only four classes. The use of 
more than four classes, in our case, led to an overlap between 
the different classes allowing a misinterpretation of the 
results. This limit of four classes is probably due to the 
uncertainty of measurement of the moisture, whichwas 
difficult to control in our case. 

The increase in the number of classes allows the results to 
be refined and increases the accuracy of the degradation state 
estimation of the insulation paper. To do this, it is necessary 
to control the moisture content of the paper with greater 
precision in order to create a more reliable database. 



6 CONCLUSIONS 
Aging and moisture are known to be two important 

parameters influencing the dielectric parameters of frequency 
domains spectroscopy (FDS) of oil impregnated paper 
insulation systems. It was found that an increase in moisture 
or aging causes an increase in dielectric dissipation factor and 
power factor.In this case the phase indicates a change in the 
behavior of the dielectric from a capacitive effect to a 
resistive effect mostly at lower frequencies. It was also found 
that frequency domain spectroscopy parameters are more 
sensitive to moisture than the aging. 

The use of a first neural network model with a supervised 
learning allows estimatingthe moisture content values with 
some precision using the dielectric parameters of the FDS for 
model learning. 

A second neural network model,this time with an 
unsupervised learning, allows autonomous classificationof the 
different tests carried out for this study into four distinct 
classes based on redundancy and shape of dielectric 
parameter curves of the FDS. From the results of this 
classification, it was observed how aging and moisturecan 
influence the FDS measurements. The results showed that 
with higher moisture in the paper, the effect of aging is 
negligible. On the other hand, withlower moisture, the effect 
of aging is more evident. It was also shown that in some 
cases, the FDS and the two joint neural network models can 
estimate the degradation state of the paper: the first model 
estimates the moisture in the paperwhile the second gives the 
aging state (say the aging duration). 

This study opens the door to the exploration of new 
mathematical tools and techniques for the analysis of data 
from experimental tests in order to better understand the 
behavior of the aging process of insulation according to the 
different parameters measured. 
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