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Abstract 

 

Dielectric strength is a very important parameter for cables. It can vary according to temperature and 

frequency. The complex electrical permittivity of the Cross-linked polyethylene (XLPE) and Copper 

Polyester/Mylar band layers of a cable determine the maximum electric field created inside the cable 

operating at sinusoidal voltage. The value of this electric field should be less than the dielectric strength 

of the materials used. The electrical characteristics of XLPE and Copper Polyester tape depend on 

frequency and temperature. In a power cable, the temperature depends on the radial position, which 

makes it difficult to calculate the cable’s electric field. In this study, it was shown how to calculate the 

electric field of the cable by using XLPE and Copper Polyester band data taken from the literature and 

numerical integration. It was found that the calculated value is less than the Dielectric strength value of 

XLPE material. It has been shown how the electric field of the power cable under investigation changes 

according to frequency and temperature.  
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1. Introduction 

 

Single-core power cables are widely used for power transmission [1]. Typically, XLPE and 

Mylar serve as insulation materials within these cables, with cable characteristics like complex 

permittivity and aging significantly influenced by temperature variations [1, 2]. Due to the 

importance of XLPE material, its characteristics such as leakage current, water treeing, and 

contact angle are examined for its better usage [3, 4]. Modeling cables presents a considerable 

challenge due to their inherent complexity [5]. The dielectric strength stands as a crucial safety 

parameter for insulators [6]. It's known to vary based on factors like frequency, temperature, 

and the material's thickness [7]. Upon experiencing a breakdown, a cable becomes inoperable, 

failing to meet the expected operational standards [8]. The maximum electric field specified by 

the operation voltage in a cable should stay below the dielectric strength [9]. Sometimes a safety 

factor can also be used for this purpose since an overvoltage also contributes to the aging of 

medium voltage XLPE Power Cables [10]. The dielectric strength of a material can also change 

with the humidity [11]. Isolation tests are conducted on electrical machinery and cables to 

assess their suitability for operation under specified conditions [10]. For a cable to operate 

without failure, the maximum electric field occurring within it should be calculated and its value 

should be less than the dielectric strength of the material used to minimize the time and expenses 

needed for the tests [12]. High-voltage technique literature often calculates the maximum 

electric field by modeling materials using a constant permittivity [12]. However, the assumption 

of constant permittivity does not hold true due to the temperature and frequency-dependent 

nature of materials [13, 14]. The complex relative permittivity of an XLPE sample is measured 

and presented as a function of temperature and frequency [15]. The experiments in [15, 16], 

employ a rectangular prism sample of XLPE. However, XLPE within a single-core power cable 

possesses a cylindrical geometry, requiring the calculation of its electric field to account for 

this shape. Furthermore, these cables encompass various components like Mylar, Armour, and 

Halogen Free Flame Retardant (HFFR) impacting their overall thermal behavior [17-19]. These 

regions make the calculation of the electric field of a single-core power cable more difficult. 

The harmonics created by the nonlinear loads can also contribute to the electric field within a 

cable and results in its additional heating [20]. Excessive heat and voltage stress can lead to 

premature aging of cables [21]. The type of operation voltage, AC or DC, also affects the 

breakdown voltage of the insulation materials [22]. To the best of our knowledge, the electrical 

field of a cable is calculated using a constant permeability in literature, not taking into account 

its operation frequency and the temperature distribution within the cable. That’s why it is 

imperative and useful to have a method which gives the electric field within the different regions 

of a cable as a function of frequency and temperature by considering different cable insulator 

layers. In this study, the maximum electric field of an unaged single-core power cable is 

calculated by considering the frequency and temperature dependencies of the XLPE and Mylar 

materials, using numerical integration in the cylindrical coordinates, developing the necessary 

code in Matlab in steady-state, and comparing the calculated value with the dielectric strength 

of the materials to see whether the breakdown would occur or not. This algorithm can be used 

for designing single-core power cables and assessing their dielectric strength. In this study, the 

XLPE data is taken from [15], the Mylar data is taken from [23], the dielectric strength of XLPE 

is taken from [24], and the dielectric strength of Mylar materials is taken from [23], and the 

heat transfer parameter are taken from [21, 23-25].   

 

The paper is arranged as follows. The second section introduces the heat transfer model for the 

single-core cable.  The third section details the electrical permittivity models employed for the 

XLPE and Mylar insulators. In the fourth section, the maximum electric field values of the 
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power cable within the XLPE and Mylar layers are calculated using the established permittivity 

models. The paper is concluded with the conclusion section. 

 

2. The thermal circuit of the single-core cable 
 

A mathematical model of a cable line with cross-linked polyethylene insulation shown in Figure 

1.a is made in this section. The cross-section of the cable is presented in Figure 1.b. The steady-

state thermal circuit model of the single-core cable is given in Figure 2. When modeling the 

thermal circuit, the following assumptions are adopted: 

— the cable has an ideal cylindrical shape; 

— the parameters of the cable and its environment do not change along the axis. 

Under these assumptions, the heat is uniformly distributed from the cable axis to its surface and 

dissipated from the surface into the environment. 

 

In the equivalent circuit of the single-core cable, each layer (Figure 1.b) of the cable cross-

section is represented in the form of thermal resistances (Figure 2). The thermal resistance of 

each cable layer is calculated using the radii of the concerned layer. The symbols of the radii 

are presented in Table 1. The thermal resistances of the cable depend on the material and the 

inner and outer radii of the cable layer. 

 

 

 

 

 
(a) 
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(b) 

Figure 1. The side view of the single-core cable structure (Courtesy of UNİKA). 

 

 

 
Figure 2. The steady-state thermal circuit of the single-core cable. 

 

According to Joule-Lenz’s law, the power loss within the copper conductor is calculated as 

 

𝑝 = 𝑅𝐴𝐶𝐼𝑟𝑚𝑠
2 .           (1) 

 

where 𝐼𝑟𝑚𝑠 is the effective current of the power cable, and 𝑅𝐴𝐶  is the AC resistance at the 

operation frequency. 

 

Ignoring the end effects, the thermal resistance of a long hollow cylindric layer [26] is 

calculated as 

 

𝑅𝑇𝐻 =
𝑙𝑛 (𝑟𝑜𝑢𝑡/𝑟𝑖𝑛)

2𝜋𝑘𝐿
. 

(2) 
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where L, 𝑟𝑖𝑛, and 𝑟𝑜𝑢𝑡  are, respectively, the length, the inner radius, and the outer radius of the 

layer, and k is its thermal conductivity.  

 

The radii of the layers of the examined single-core cable are given in Table 1. The thermal 

conductivity of each layer is given in Table 2. The heat conductivities of Copper and the HFFR  

compound are adapted from [21]. The heat conductivity of Mylar is adapted from [21]. The 

heat conductivity of XLPE is adapted from [25]. The conductor temperature should not exceed 

90 °C [19]. The ambient and conductor temperatures are used as 20 °C and 90 °C, respectively, 

in the calculations as done in [28]. For a long single-core cable, the formulas and the calculated 

values of the thermal resistance of the layers are given in Table 3.  

 

Table 1. The radii of the layers of the single-core cable [28]. 

 

Name Symbol Value (mm) 

The Copper wire radius 𝑟𝑐 7.62 

The XLPE layer outer radius 𝑟𝑋𝐿𝑃𝐸 9.62 

The Mylar layer outer radius 𝑟𝑀𝑦𝑙𝑎𝑟 9.99 

The Armour layer outer radius 𝑟𝐴𝑟𝑚𝑜𝑢𝑟 10.59 

The HFFR layer outer radius 𝑟𝐻𝐹𝐹𝑅 12.19 

 

 

Table 2. The thermal conductivities of the cable layers [28]. 

 

Material Thermal Conductivity Symbol Thermal Conductivity Value (W·m−1·K−1) 

Copper 𝑘𝐴𝑟𝑚𝑜𝑢𝑟 = 𝑘𝐶𝑜𝑝𝑝𝑒𝑟 398 

XLPE 𝑘𝑋𝐿𝑃𝐸 0.28 

Mylar 𝑘𝑀𝑦𝑙𝑎𝑟 
0.155 

(At the temperature range of 25.0 - 75.0 °C) 

HFFR 𝑘𝐻𝐹𝐹𝑅 0.25 

 

 

Table 3. The thermal resistance of the layers.  

 

The layer name Thermal resistance of the layer Its value (W/K) 

XLPE 𝑅𝑇𝐻𝑋𝐿𝑃𝐸 =
𝑙𝑛 (𝑟𝑋𝐿𝑃𝐸/𝑟𝑐)

2𝜋𝑘𝑋𝐿𝑃𝐸𝐿
 0.1324 

Mylar 𝑅𝑇𝐻𝑀𝑦𝑙𝑎𝑟 =
𝑙𝑛(𝑟𝑀𝑦𝑙𝑎𝑟/𝑟𝑋𝐿𝑃𝐸)  

2𝜋𝑘𝑀𝑦𝑙𝑎𝑟𝐿
 0.03875 

Armour 𝑅𝑇𝐻𝐴𝑟𝑚𝑜𝑢𝑟   =
𝑙𝑛 (𝑟𝐴𝑟𝑚𝑜𝑢𝑟/𝑟𝑀𝑦𝑙𝑎𝑟)

2𝜋𝑘𝐴𝑟𝑚𝑜𝑢𝑟𝐿
 2.411e-5 

HFFR 𝑅𝑇𝐻𝐻𝑓𝑓𝑟 =
𝑙𝑛 (𝑟𝐻𝑓𝑓𝑟/𝑟𝐴𝑟𝑚𝑜𝑢𝑟)

2𝜋𝑘𝐻𝑓𝑓𝑟𝐿
 0.07837 
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Using the thermal circuit analogy, in the steady state, the temperature distributions needed are 

found as follows. In the steady state, the XLPE temperature (𝑇𝑋) at 𝑟 = 𝑟𝑋𝐿𝑃𝐸 is found as 

 

𝑇𝑋 = 𝑇𝐶 −
𝑅𝑇𝐻𝑋𝐿𝑃𝐸(𝑇𝐶−𝑇𝑆)

𝑅𝑇𝐻𝑋𝐿𝑃𝐸+𝑅𝑇𝐻𝑀𝑦𝑙𝑎𝑟+𝑅𝑇𝐻𝐴𝑟𝑚𝑜𝑢𝑟+𝑅𝑇𝐻𝐻𝑓𝑓𝑟
. (3) 

 

The simulations are done with the thermal conductivity values presented in Table 2. The 

temperature in the XLPE insulator is calculated as 

 

𝑇(𝑟) = (𝑇𝐶 − 𝑇𝑋)
ln (𝑟/𝑟𝑋𝐿𝑃𝐸)

ln (𝑟𝐶/𝑟𝑋𝐿𝑃𝐸)
+ 𝑇𝑋. (4) 

 

In the steady state, the Mylar temperature (𝑇𝑀) at 𝑟 = 𝑟𝑀𝑦𝑙𝑎𝑟 is calculated as 

 

𝑇𝑀 = 𝑇𝑋 −
𝑅𝑇𝐻𝑀𝑦𝑙𝑎𝑟(𝑇𝑋−𝑇𝑀)

𝑅𝑇𝐻𝑋𝐿𝑃𝐸+𝑅𝑇𝐻𝑀𝑦𝑙𝑎𝑟+𝑅𝑇𝐻𝐴𝑟𝑚𝑜𝑢𝑟+𝑅𝑇𝐻𝐻𝑓𝑓𝑟
. (5) 

 

The temperature in the Mylar layer is calculated as 

 

𝑇(𝑟) = (𝑇𝑋 − 𝑇𝑀)
ln (𝑟/𝑟𝑀𝑦𝑙𝑎𝑟)

ln (𝑟𝑋𝐿𝑃𝐸/𝑟𝑀𝑦𝑙𝑎𝑟)
+ 𝑇𝑀. (6) 

 

The steady-state heat transfer analysis of the cable is made using Equations (3)-(6) and the 

calculated temperatures at the layer boundaries are presented in Table 4 as similarly done in 

[28]. The temperatures with respect to the radial position within the XLPE and Mylar insulators 

are illustrated in Figure 3. They are used to calculate the maximum electric field occurring on 

the inner conductor by also taking the operation frequency into account.  

 

Table 4. The temperatures at the interface boundaries.  

 

The temperature Its value 

The conductor temperature at 𝑟 = 𝑟𝐶,   𝑇𝐶 90 0C 

The XLPE temperature at 𝑟 = 𝑟𝑋𝐿𝑃𝐸 , 𝑇𝑋 

 
55.50 0C 

The copper polyester (Mylar) band temperature at 𝑟 = 𝑟𝑀𝑦𝑙𝑎𝑟 ,  𝑇𝑀 45.41 0C 

The copper armour temperature 

at 𝑟 = 𝑟𝐴𝑟𝑚𝑜𝑢𝑟, 𝑇𝐴𝑟𝑚𝑜𝑢𝑟 
45.40 0C 

The ambient temperature or the HFFR temperature at 𝑟 = 𝑟𝐻𝐹𝐹𝑅 , 𝑇𝐻𝐹𝐹𝑅(=
𝑇𝑆) 

25 0C 
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(a)                                                                         (b) 

Figure 3. The temperature within a) the XLPE and b) the Mylar vs. radial distance. 

 

 

3. Complex permittivity model of the insulators 
 

In this section, the electrical permittivity models of the insulator materials used in the power 

cable are presented as done in a similar way in [28].  

3.1 Complex permittivity model of the XLPE insulator 

 

In this subsection, the relative complex permittivity components of the XLPE layer of the power 

cable are presented. The complex permittivity of the XLPE material is measured and given in 

[15],  In this paper, the data given in [15] is reproduced with Getdata program [27]. The leakage 

impedance of the cable is calculated using the reproduced data from [15] in [28]. Also, ANN 

models of the data can be found in [29]. Both the real and complex parts of the permittivity are 

assumed to be a function of temperature (T) and frequency (f). They are illustrated in Figures 4 

and 5, respectively. The complex permittivity of the XLPE material is expressed as 

 

ƐXLPE(𝑓, 𝑇) = Ɛ𝟎Ɛ
′(𝑓, 𝑇) − 𝑗Ɛ𝟎Ɛ′′(𝑓, 𝑇). (7) 

 

where Ɛ′and Ɛ′′is the real and imaginary components of the relative complex permittivity, and 

Ɛ𝟎 = 8.85 ∙ 10− 12  F m⁄  is the permittivity of vacuum.  
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Figure 4. The reproduced real component of the complex relative permittivity Ɛ′ of the XLPE 

material measured as a function of frequency and temperature in [15].  

 

 

Figure 5. The reproduced imaginary component of the complex relative permittivity Ɛ′′ of the 

XLPE material measured as a function of frequency and temperature in [15].  

3.2 Complex Permittivity Model of the Mylar Insulator 

 

In this subsection, the relative permittivity and dissipation factor of Mylar insulator are 

presented. The electrical properties of Mylar given in [23] are reproduced with Getdata program 

[27]. The data retrieved from [23] was less extensive than the XLPE data acquired from [15]. 
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The relative permittivity, ƐMylar(𝑓, 𝑇), and the dissipation factor, 𝐷𝑃Mylar(𝑓, 𝑇), of Mylar are 

assumed to be functions of temperature (T) and frequency (f) as done in [28]. They are 

illustrated in Figures 6 and 7, respectively. The electrical conductivity of Mylar insulator is 

found as 

 

σ𝐌𝐲𝐥𝐚𝐫(𝑓, 𝑇) = ωƐ𝟎Ɛ𝐌𝐲𝐥𝐚𝐫(𝑓, 𝑇)𝐷𝑃𝐌𝐲𝐥𝐚𝐫(𝑓, 𝑇), (8) 

 

where ω = 2πf is the angular frequency.   

 

 

 
Figure 6. The relative permittivity of the Mylar vs. temperature and frequency.  

 

 
 

Figure 7. The dissipation factor of the Mylar vs. temperature and frequency. 
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4. The electric field calculation of the power cable 
 

The electric field within the cable in the cylindrical coordinates is calculated as 

 

E⃗⃗ = 𝐸r 𝑎𝑟⃗⃗⃗⃗ +𝐸Φ 𝑎Φ⃗⃗⃗⃗  ⃗ +𝐸z 𝑎z⃗⃗⃗⃗ . (9) 

 

The electric field components are given as 

 

𝐸r = −
𝜕𝑉

𝜕𝑟
, (10) 

𝐸Φ = −
1

𝑟

𝜕𝑉

𝜕Φ
, (11) 

and  

𝐸z = −
𝜕𝑉

𝜕𝑧
. (12) 

 

The azimuthal component of the electric field is zero due to axisymmetry: 

 

𝐸Φ = 0. (13) 

 

The longitudinal component of the electric field is assumed to be zero since the cable is 

sufficiently long:              

 

𝐸z = 0.  (14) 

 

Therefore, only the radial component of the electric field is of interest. Also, the following can 

be written: 

 

𝐼 = ∮J 𝒅 S⃗ = J2πrL. (15) 

 

where J is the complex current density of the power cable within the insulator and 𝐼 is the 

leakage current.  Due to having axisymmetry, the complex leakage current density in the long 

power cable at the radius r can be given as  

 

J =
𝐼

2πrL
𝑎𝑟⃗⃗⃗⃗ .  (16) 

 

In any dielectric, under the influence of an alternating voltage of angular frequency ω applied 

to it, active and capacitive components of the current density arise [27]. It is well-known that 

Cross-linked polyethylene is a non-polar dielectric with low conductivity. Remembering the 

relationship between the electric field and the current density in the frequency domain, the 

current density and the electric field within the XLPE layer are given as  

J = 𝑗ωƐ(ω, T) E⃗⃗  (17) 

and 

E⃗⃗ =J /𝑗ωƐ(ω, T). (18) 

 

Using the leakage current, the electric field within the XLPE layer can be written as 

E =
𝐼

2πrL𝑗ωƐ(ω,T)
. (19) 
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Submitting Eq. (10) into Eq. (19), Eq. (20) is obtained:  

−
𝑑𝑉

dr
=

𝐼

2πrL𝑗ωƐ(ω,T)
. (20) 

The potential difference across the XLPE layer is calculated as  

𝑉𝑋𝐿𝑃𝐸 = −∫
𝐼𝑑𝑟

2πrL𝑗ωƐ(ω,T(r))𝑟
= −

𝐼

2𝜋𝐿𝑗𝜔
∫

𝑑𝑟

rƐ(ω,T(r))𝑟

𝑟𝑋𝐿𝑃𝐸

𝑟𝐶

𝑟𝑋𝐿𝑃𝐸

𝑟𝐶
 (21) 

The current density and the electric field within the Mylar layer is given as  

J = (σMylar(ω, T) + jωƐ0ƐMylar(ω, T)) E⃗⃗  (22) 

and  

E⃗⃗ =J /(σMylar(ω, T) + jωƐ0ƐMylar(ω, T)). (23) 

Using the leakage current, the electric field within the Mylar layer can be written as 

E =
𝐼

2πrL(σMylar(ω,T)+jωƐ0ƐMylar(ω,T))
. (24) 

Submitting Eq. (10) into Eq. (24), Eq. (25) is obtained.  

−
𝑑𝑉

dr
=

𝐼

2πrL(σMylar(ω, T) + jωƐ0ƐMylar(ω, T))
 (25) 

The potential difference across the Mylar layer is calculated as  

𝑉𝑀𝑦𝑙𝑎𝑟 = 

−∫
𝐼𝑑𝑟

2πrL(σMylar(ω,T)+jωƐ0ƐMylar(ω,T))

𝑟𝑀𝑦𝑙𝑎𝑟

𝑟𝑋𝐿𝑃𝐸
=−

𝐼

2𝜋𝐿
∫

𝑑𝑟

r(σMylar(ω,T)+jωƐ0ƐMylar(ω,T))
.

𝑟𝑀𝑦𝑙𝑎𝑟

𝑟𝑋𝐿𝑃𝐸
 

(26) 

 

The potential difference across the central conductor and the shield or the XLPE and Mylar 

layers is found as 

 

V = −∫ 𝐸r𝑑𝑟
𝑟𝑀𝑦𝑙𝑎𝑟

𝑟𝐶
= −

𝐼

2𝜋𝐿𝑗𝜔
∫

𝑑𝑟

rƐ(ω,T(r))𝑟

𝑟𝑋𝐿𝑃𝐸

𝑟𝐶
= 

 
(27) 

= −
𝐼

2𝜋𝐿
∫

𝑑𝑟

r(σMylar(ω, T) + jωƐ0ƐMylar(ω, T))

𝑟𝑀𝑦𝑙𝑎𝑟

𝑟𝑋𝐿𝑃𝐸

 (28) 

 

where V is the applied phase voltage in the phasor domain. 

 

The leakage current of the power cable can be found as 

 

I = −
2𝜋𝐿𝑉

(
1
𝑗𝜔 ∫

𝑑𝑟

rƐ(ω, T(r))
+ ∫

𝑑𝑟
r(σMylar(ω, T) + jωƐ0ƐMylar(ω, T))

𝑟𝑀𝑦𝑙𝑎𝑟

𝑟𝑋𝐿𝑃𝐸

𝑟𝑀𝑦𝑙𝑎𝑟

𝑟𝐶
)

 
(29) 
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In the steady-state, the electric field within the XLPE region is calculated as 

 

𝐸XLPE =
𝐼

2𝜋𝑟𝐿𝑗𝜔Ɛ(𝜔, 𝑇(𝑟𝐶))
 (30) 

 

By submitting Eq. (29) into Eq. (30), the electric field within the XLPE region is found as 

 

𝐸XLPE = −
𝑉

rƐ (∫
𝑑𝑟
rƐ

+ 𝑗𝜔 ∫
𝑑𝑟

r(σMylar + jωƐ0ƐMylar)
𝑟𝑀𝑦𝑙𝑎𝑟

𝑟𝑋𝐿𝑃𝐸

𝑟𝑋𝐿𝑃𝐸

𝑟𝐶
)
 

(31) 

 

In the steady-state, at 𝑟 = 𝑟𝐶 on the conductor, the maximum electric field within the cable 

occurs and is equal to 

 

𝐸XLPE𝑚𝑎𝑥 =
𝐼

2𝜋𝑟𝐶𝐿𝑗𝜔Ɛ(𝜔, 𝑇(𝑟𝐶))
 (32) 

 
𝐸XLPE𝑚𝑎𝑥

= −
𝑉

𝑟𝐶𝑗𝜔Ɛ(𝜔, 𝑇(𝑟𝐶)) (
1
𝑗𝜔 ∫

𝑑𝑟

rƐ(ω, T(r))
+ ∫

𝑑𝑟
r(σMylar(ω, T) + jωƐ0ƐMylar(ω, T))

𝑟𝑀𝑦𝑙𝑎𝑟

𝑟𝑋𝐿𝑃𝐸

𝑟𝑋𝐿𝑃𝐸

𝑟𝐶
)

 (33) 

 

In the steady-state, the electric field within the Mylar region is calculated as 

 

𝐸Mylar =
𝐼

2πrL(σMylar(ω, T) + jωƐ0ƐMylar(ω, T))
 (34) 

 

By submitting Eq. (29) into Eq. (34), the electric field within the XLPE region is found as 

 

𝐸Mylar = −
𝑗𝜔𝑉/(𝑟(σMylar + jωƐ0ƐMylar))

(∫
𝑑𝑟
rƐ

+ 𝑗𝜔 ∫
𝑑𝑟

r(σMylar + jωƐ0ƐMylar)
𝑟𝑀𝑦𝑙𝑎𝑟

𝑟𝑋𝐿𝑃𝐸

𝑟𝑋𝐿𝑃𝐸

𝑟𝐶
)
 

(35) 

 

In the steady-state, at 𝑟 = 𝑟𝑋𝐿𝑃𝐸 on the boundary between the XLPE and the Mylar layers, the 

maximum electric field within the Mylar occurs and it is calculated as 

 

𝐸Mylar𝑚𝑎𝑥 =
𝐼

2π𝑟𝑋𝐿𝑃𝐸L(σMylar(ω, T(𝑟𝑋𝐿𝑃𝐸)) + jωƐ0ƐMylar(ω, T(𝑟𝑋𝐿𝑃𝐸)))
 (36) 

 

𝐸Mylar𝑚𝑎𝑥

=
𝑗𝜔𝑉/(𝑟𝑋𝐿𝑃𝐸(σMylar + jωƐ0ƐMylar))

(∫
𝑑𝑟

rƐ(ω, T(r))
+ 𝑗𝜔 ∫

𝑑𝑟
r(σMylar(ω, T) + jωƐ0ƐMylar(ω, T))

𝑟𝑀𝑦𝑙𝑎𝑟

𝑟𝑋𝐿𝑃𝐸

𝑟𝑀𝑦𝑙𝑎𝑟

𝑟𝐶
)

 (37) 

 

5. The numerical calculation of the dielectric strength 
 

The left integral in Eq. (31) (The XLPE layer’s contribution) can be calculated numerically by 

taking the total number of XLPE layers as NXLPE: 
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∫
𝑑𝑟

Ɛ(ω, T(r))𝑟

𝑟𝑋𝐿𝑃𝐸

𝑟𝐶

≈ 𝐴1 = ∑
Δ𝑟

(Ɛ0Ɛ
′(ω, 𝑇(𝑖)) − 𝑗Ɛ0Ɛ

′′(ω, 𝑇(𝑖)))𝑟(𝑖)

𝑖=𝑁𝑋𝐿𝑃𝐸

𝑖=0

 (38) 

 

where i is the XLPE layer number,  𝑟(𝑖) = 𝑟𝐶 + 𝑖Δ𝑟 is the radius of the 𝑖thXLPE layer, and 

 𝑇(𝑖) = (𝑇𝐶 − 𝑇𝑋)
ln (𝑟(𝑖)/𝑟𝑋𝐿𝑃𝐸)

ln (𝑟𝐶/𝑟𝑋𝐿𝑃𝐸)
+ 𝑇𝑋 is the temperature of the 𝑖th XLPE layer. 

Similarly, the right integral in Eq. (31) (The Mylar layer’s contribution) can be approximated 

numerically by taking the total number of Mylar layers as NMylar: 

 

∫
𝑑𝑟

r (σMylar(ω, T) + jωƐ0ƐMylar(ω, T))

𝑟𝑀𝑦𝑙𝑎𝑟

𝑟𝑋𝐿𝑃𝐸

≈ 𝐴2 

= ∑
Δ𝑟

(σMylar(ω, 𝑇(𝑖)) + 𝑗ωƐMylar(ω, 𝑇(𝑖)))𝑟(𝑖)

𝑖=𝑁𝑀𝑦𝑙𝑎𝑟

𝑖=0

 

(39) 

 

where i is the Mylar layer number, 𝑟(𝑖) = 𝑟𝐶 + 𝑖Δ𝑟 is the radius of the 𝑖th Mylar layer, and 

𝑇(𝑖) = (𝑇𝑋 − 𝑇𝑀)
ln (𝑟(𝑖)/𝑟𝑀𝑦𝑙𝑎𝑟)

ln (𝑟𝑋𝐿𝑃𝐸/𝑟𝑀𝑦𝑙𝑎𝑟)
+ 𝑇𝑀 is the temperature of the 𝑖th Mylar layer. 

 

The maximum electric field on the conductor or of the cable is found by using the sum of the 

Mylar and XLPE contributions: 

 

𝐸XLPE𝑚𝑎𝑥 ≈ −
𝑉

𝑟𝐶𝑗𝜔Ɛ(𝜔, 𝑇(𝑟𝐶)) (
𝐴1
𝑗𝜔

+ 𝐴2)
= −

𝑉

𝑟𝐶Ɛ(𝜔, 𝑇(𝑟𝐶))(𝐴1 + 𝑗𝜔𝐴2)
 

(40) 

 

The voltage of the cable is considered to be sinusoidal in this study. If the phase voltage is given 

as 

 

𝑣(𝑡) = 𝑉𝑚 sin(𝜔𝑡) (41) 

 

The absolute value of the electric field on the conductor radius can be found calculated as 

 

|𝐸XLPE𝑚𝑎𝑥|  = |
𝑉𝑚

𝑟𝐶Ɛ(𝜔, 𝑇(𝑟𝐶))(𝐴1 + 𝑗𝜔𝐴2)
| (42) 

 

Similarly, Eq. (33) can be approximated numerically by taking the total number of Mylar layers 

as NMylar: 

 

𝐸Mylar𝑚𝑎𝑥 =
𝑗𝜔𝑉𝑚

𝑟𝑋𝐿𝑃𝐸(σMylar + jωƐ0ƐMylar) (
𝐴1
𝑗𝜔

+ 𝐴2)
 

(43) 

 

The absolute value of the electric field within the Mylar can be found calculated as 
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|𝐸Mylar𝑚𝑎𝑥|  = |
𝑉𝑚

𝑟𝑋𝐿𝑃𝐸(σMylar + jωƐ0ƐMylar) (
𝐴1
𝑗𝜔

+ 𝐴2)
| (44) 

 

An m-file is written in Matlab to calculate the dielectric strength of the cable. The inputs of the 

Matlab file are chosen as the parameters given in Tables 1 and 2, the cable voltage amplitude, 

the XLPE complex permittivity function, the Mylar conductivity and permittivity functions, the 

conductor temperature, and the ambient temperature.  

 

The electric fields of both the XLPE and Mylar layers are calculated for the parameters given 

in Tables 1-3 and are shown in Figure 8.  The dielectric strength of XLPE insulator ranges from 

35 to 50 kV/mm according to [24]. The electric field on the conductor is found as 2.1451.105 

V/m which is quite less than the dielectric strength of XLPE. The dielectric strength of Mylar 

insulator ranges from 1.33 to 1.66 kV/mm according to [23]. The maximum electric field at the 

inner radius of the Mylar layer is found as 1.195.105 V/m which is less than the dielectric 

strength of Mylar.  It has been shown in Figure 8 how the maximum electric fields of the power 

cable in Mylar and XLPE layers under investigation change with respect to frequency and 

temperature.  

 

 

 
(a) 
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(b) 

Figure 8. The maximum electric field of a) the XLPE and b) the Mylar layers vs. frequency for 

TS=25 0C and TC=90 0C.  

 

6. Conclusion 
 

In [15], the complex permittivity of an XLPE material is determined based on a prism-shaped 

sample. However, single-core cables, characterized by cylindrical shape, exhibit temperature 

variations dependent on the radius due to their extended length and axisymmetry. In this 

manuscript, the maximum electric field of such a cable is found by means of numerical 

integration with the XLPE and Mylar data because of the radial dependence of the cable 

temperature.  The maximum electric field of the XLPE and Mylar layers are found considering 

not only the operating frequency but also the ambient and conductor temperatures. It is shown 

that the calculated maximum insulator electric fields remain less than the dielectric strength of 

the materials for the whole operation frequencies and the maximum conductor temperature 

considered. As a result, the model proposed in this study presents a viable approach for 

designing power cables, eliminating the necessity for costly programs like FEM software. 

 

In [30], the effects of defects that may occur during the production phase of power cables on 

electric and magnetic field distributions are examined using the Finite Element Method 

Magnetics (FEMM) program. However, such a program is expensive, and it may take time to 

examine such a case (the electric field distribution). A simpler solution that does not need a 

FEM program would be quite useful.  As a future work, it would be beneficial to make a similar 

analysis considering the defects in a similar way in cable design and go to the production stage. 
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