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Abstract. As cities grow, cables play an increasingly important role as part of the
power transmission system. But as the number of cables increases, so do the safety
hazards that come with them: the generation of cable arcs and even the start of fires.
Cable fire blankets are necessary to protect against the initial stages of cable fires.
In this paper, three different pairings are compared and analyzed by a combination
of experiments and simulations. These include Kevlar-Teflon, Polyimide-Teflon,
and Kevlar-Polyimide material pairings. The study illustrates the possibilities of
polyimide materials for the application of cable fire blankets. The bearer of the
simulation part is COMSOL software. By combining experiments and simulations
with each other, the excellent fire protection properties as well as the arc resistance
of polyimide are illustrated for the use of polyimide in cable protection blankets
and also provide theoretical support for the application of polyimide in the field
of cable protection.
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1 Introduction

With the development of society, electricity is more widely needed. The production
development of society and people’s life are inseparable from electricity. As the main
bearer of the power transmission system, the cable has an irreplaceable role. With the
increasing application of cables, accidents are also occurring more commonly. Accord-
ing to reports, cable accidents caused by fire accounted for more than 1/3 of the total
incidence of fire accidents in 2020 [1, 2]. Local insulation defects in cables are often
caused by prolonged overload, insulation aging, external damage, etc. Insulation break-
down occurs gradually internally when the defect occurs, but it is not easy to observe
[3]. Once a complete breakdown of the cable occurs, it can cause a fire. Cable fires are
rapid, accompanied by a large amount of smoke generated, while the electrical shock
will pose a threat to the surrounding equipment and rescue personnel. So it is necessary
to pay attention to the protection of cable fires.

© Beijing Paike Culture Commu. Co., Ltd. 2024
Q. Yang et al. (Eds.): ACCES 2023, LNEE 1167, pp. 48-55, 2024.
https://doi.org/10.1007/978-981-97-1064-5_5


http://crossmark.crossref.org/dialog/?doi=10.1007/978-981-97-1064-5_5&domain=pdf
https://doi.org/10.1007/978-981-97-1064-5_5

Insulation Performance of Polyimide Materials 49

Cable fire blanket as one of the means of cable fire prevention as well as initial
protection, its protective effect is remarkable [4]. Currently for the main fire blanket
structure analysis on the market, the main role of the Teflon material, Kevlar fabric.
At the same time the current development of new polymer materials, a number of fire-
retardant polymer materials appear in the field of vision, including polyimide materials,
as a representative of fire-retardant materials, because of its intrinsic flame retardancy
and good chemical resistance, aging resistance and other characteristics [5, 6]. Widely
used in aerospace, construction and other fields [7, 8]. Meanwhile, at present, polyimide
materials are also applied in electronic and electrical research, such as the research of arc-
proof clothing for non-stop operation [9], but for polyimide in cable fire protection has
not been studied yet. All three materials have good electrical insulation, stable chemical
properties, and flame-retardant properties. This paper intends to use a combination of
simulation and experiment to analyze the degree of difference between Teflon, Kevlar
and flame-retardant polyimide materials for cable fire protection, to provide a theoretical
basis for the subsequent breakthrough and innovation of cable protection materials, and to
provide a reference for the research development in the field of electric power protection.

2 Simulation of Fabric Under the Arc

2.1 Simulation Geometry

The direct cause of cable fires is the aging of the insulation layer, resulting in discontin-
uous discharge of the electric arc inside the cable, which constantly continues to erode
the insulation layer, and once the insulation layer is completely destroyed, the cable arc
will continue to discharge, resulting in high temperatures. To address this phenomenon,
this paper uses COMSOL Multiphysics finite element simulation software to construct a
two-dimensional axisymmetric model containing the part of the cable that generates the
arc and the part of the fabric material wrapped around the outside, as shown in Fig. 1.
Using the central axis of the cable as the axis of symmetry, the section is selected for
modeling, where the simulated air region is a rectangle of 50 mm in length and 40 mm
in width. The single-core cable section is stripped of the outer metal shield and its outer
surface layer, leaving the insulation layer. The upper end of the cable is connected to
a 50 Hz high voltage power supply on the upper side and the lower end of the cable
is grounded. A double layer of fabric is wrapped around the copper core of the cable.
Since the polyimide fabric and the Kevlar fabric contain holes, the model in the figure
shows not a continuous fabric structure. Also, since it is impossible for the fabric to fit
completely on the surface of the copper core when wrapped, the simulation is repre-
sented by a 1 mm air gap. The simulation duration is 40 ms, and the initial temperature
is 293.15 K.

The simulation parameters of polyimide, Kevlar and Teflon materials are shown in
Table 1. According to the research, it is found that most of the commercially available
cable fire blankets are made of Kevlar with Teflon, assisted by an outer layer of vitrifiable
silicone rubber, and other protective effect layers. Therefore, three cases of Kevlar-
Teflon, Kevlar-Polyimide and Polyimide-Teflon were selected for comparative study to
analyze the thermal insulation of the three matching methods.
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Fig. 1. Schematic diagram of the creation of the simulation model

Table 1. Simulation material related parameters

Materials Thickness Density Relative Relative Electrical
/(mm) /(kg/mz) dielectric permeability conductivity
constant /(S/m)
Polyimide | 0.35 1440 35 1 110713
Kevlar 0.27 1391 3.5 1 1¥10713
Teflon 0.22 2140 2.1 1 1¥10717

2.2 Analysis of Results

Set the cable load current to 250 A, and the frequency is 50 Hz. Change the different
materials with the simulation analysis, and select the temperature measurement points
as shown in Fig. 2. The four measurement points are (15 mm, 25 mm), (20 mm, 25 mm),
(25 mm, 25 mm), (30 mm, 25 mm), respectively, to measure the temperature change of
the cable arc through the fabric. The simulation time constant is 40 ms.

As shown in Fig. 3, the temperature distribution at 40 ms for three different pairing
casesis shown in Fig. 3(a) for Kevlar-Teflon, Fig. 3(b) for Kevlar-Polyimide, and Fig. 3(c)
for Polyimide-Teflon. The picture shows that the arc-burning phenomenon occurs in the
middle of the cable at both ends, and the temperature is transferred from the three
combined materials from inside to outside, and the temperature keeps spreading into the
surrounding air.
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Fig. 2. Distribution map of temperature measurement points
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Fig. 3. The arc temperature field diagram of different combinations at 40 ms

As shown in Fig. 4, the temperature variation curves for three different pairing cases
are plotted, Fig. 4(a) for Kevlar-Teflon, Fig. 4(b) for Kevlar-Polyimide, and Fig. 4(c)
for Polyimide-Teflon. As Fig. 5 shows the comparison of the temperature profiles of
the three pairings at the temperature measurement point (15 mm, 25 mm). It can be
observed that the polyimide- Teflon combination has the best insulation effect and can
better hinder the diffusion of high temperature gases from the cable arc. The temperature
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diffusion from the high temperature gas to the low temperature gas leads to a relative
decrease at the near point and a gradual increase at the far point. For the Kevlar-Polyimide
combination shown in the figure, it can be observed that its thermal insulation effect is
poor, and the rapid penetration of the high temperature gas causes the temperature to
exceed 1000 K at the beginning of 3 ms, while the commercially available Kevlar-Teflon
combination shown in the figure has a slightly worse thermal insulation effect than the
Polyimide-Teflon combination.

According to the related work we have done before [10, 11], it is shown that poly-
imide has good arc resistance, and the figure illustrates the excellent thermal insulation
properties of polyimide. Therefore, for the components of cable fire blanket, it is feasible
to replace Kevlar with polyimide material.
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Fig. 4. The temperature distribution curve of the three pairings
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Fig. 5. Comparison chart of temperature curves of the three pairings

3 Material Heat Transfer Experiment

In this paper, an electric arc furnace was used as a constant radiation heat source and
preheated for 20 min. The fabric materials were cut to the same size and placed at a
certain distance from the heat source according to three combinations of Kevlar-Teflon,
Kevlar-polyimide and polyimide-Teflon to study the heat insulation effect of different
combinations. Windproof panels were erected around the experimental equipment to
prevent the influence of outside air flow on the experimental results. Each group of
paired experiments lasted for 36 s, and the temperature of the back side of the fabric
was measured using a temperature sensor to obtain the temperature distribution images
shown in Fig. 6.

As shown in the figure, it can be found that the heat transfer change curve of
polyimide-Teflon is basically the same as that of Kevlar-Teflon, which finally stays
at about 480 K, while the heat transfer change curve of Kevlar-polyimide shows that
its temperature changes faster and rises more rapidly, while the final temperature stays
above 500 K, indicating that its heat insulation effect is worse than that of the other two
groups. This can show that the heat insulation effect of polyimide-Teflon and Kevlar-
Teflon is similar, which is the same as the conclusion of the experiment, and can show
that the polyimide material can replace the Kevlar material in the application of cable
fire blanket.
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Fig. 6. Heat transfer comparison curves for the three pairings

4 Conclusions

This paper simulates and compares and analyzes the heat insulation effect of three dif-
ferent material combinations on cable arc, the combination of polyimide material and
Teflon material has the best heat insulation effect, followed by the combination of Kevlar
material and Teflon material, the worst heat insulation performance is the combination
of Kevlar material and polyimide material, which makes the external temperature after
placing more than 30% higher than the other components, while the difference between
the other two groups is less than 10%. The simulation analysis shows that the poly-
imide material can replace the Kevlar fiber as a component of the cable fire blanket from
the heat insulation point of view. The correctness of the simulation is also confirmed
by experimental means. it is shown through experiments that the breakdown resistance
characteristics of the combination of polyimide material and Teflon are similar to those
of the combination of Kevlar material and Teflon material, and it is shown from the per-
spective of arc breakdown resistance characteristics that polyimide material can replace
Kevlar fiber as a component of cable fire blanket.
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