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Abstract. In this work the possibility of the sheath hermiticity testing by measuring of the
cable capacity per unit length variation during spark testing is considered. The research object
is 2x0.75 HO3VVH2-F cable. According to the physical modelling it is proved that such defect
of sheath as pinhole through the whole thickness of sheath can be registered for the test length
10 cm with test voltage frequencies 1kHz and 10kHz.

1. Introduction

Cable products are applied for transmission of electrical energy and information at a distance. Cable
products are long-length objects, so its production is a resource-intensive process. Thus, to decrease
mass marriages and production costs a regulation of the process should be conducted at time. It is
possible to achieve with quality in-process control [1-5].

One of the most typical cable construction parts is nonmetallic cable sheath [1-12]. This
construction part is applied for overall mechanical, chemical, weather and electrical protection.

According to the regulatory documentation [13, 14] the in-process control of nonmetallic cable
jacket is carried out by spark testing. According to this testing method the cable core is grounded and a
high test voltage is applied to the insulation surface with specialized electrode. When an insulation
flaw is passing through the controlled area, a breakdown occurs and is registered by the automatics.

The regulatory documentations for each type of cable products determine the requirements for the
nonmetallic cable sheaths. There are two main requirements. First of all, decreasing of a sheath
thickness must not be excess 15...25 % from the defect-free sheath for each type of cable products.
Secondly the cable sheath must be hermetical [15-18].

Nowadays, the in-process control of sheath hermiticity is carried out only for sheaths applied over a
metallic shield or an armour. Otherwise the test voltage is not possible to apply to the cable sheath.
But the hermiticity of cable sheath must be tested for any cable construction according to the
regulatory documentation. Thus, the current problem is to develop a method that is able to test the
nonmetallic cable sheath which is applied over the nonmetallic parts of cable.

In the previous article [19-24] the method was offered for cable capacitance recording during spark
testing. In this article the possibility of the hermiticity test of cable sheath is explored. This research is
conducted for cable type 2x0.75 HO3VVH2-F (it is European analog of Russian cable SHVVP
2x0.75).

2. Object of testing
2x0.75 HO3VVH2-F cable is a flexible double core cable with a double PVC coating (Figure 1).
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Figure 1. Construction of 2x0.75 HO3VVH2-F.

Processing of this cable has 2 stages. On the first stage melted plastic pellets are applied over
conductor during the extrusion process. On the second stage melted plastic pellets are applied over
pair of insulated core. According to the regulatory documentation the sheath and the insulation of its
cable must be able to be separated freely [15-18]. Thus, there is no adhesion between these elements.
Because the cable work voltage is 380 V (for Russian analog), gaps between the insulated cores and
the sheath are not filled with insulating material.

3. Hypothesis

In the absence of adhesion it is suggested that there is a thin air layer in the place of insulation and
sheath contact. The value of a high voltage for the spark testing is chosen in accordance with the
standards [13, 14]. While the high testing voltage is applied to the cable surface, the initial value of
electric field strength for the air gaps is much more the dielectric strength of air. Thus, the air gaps
between the insulation and sheath in a strong field may be considered as conducting areas. Based on
this hypothesis the mathematical model of the cable has been developed in the program of finite
element analysis. Using this model the electric field and potential distributions for cable cross section
during the spark testing have been obtained. In the Figure 2 the sheath is defect-free.
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Figure 2. The potential (a) and electric field (b) distributions for cable 2x0.75 HO3VVH2-F cross
section during the spark testing in case of defect-free sheath.

The cable hermiticity is broken in case of the pinhole through the whole thickness of sheath. The
pinhole can be represented as thin cylindrical air gap from external to internal sheath surface.
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The electric field and potential distributions for cross section of cable with defect sheath during the
spark testing significantly differ from the defect-free one (Figure 3).
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Figure 3. The potential (a) and electric field (b) distributions for cable 2x0.75 HO3VVH2-F cross
section during the spark testing in case of defect sheath.

It can be noted that such potential and electric field distributions is not only in cross section of
pinhole defect, but in whole test length of cable, according to the hypothesis.
The electrical equivalent circuit of a cable with defect-free sheath is presented in the Figure 4a. The

capacity per unit length (Cy ) is

2-C,-C,

s = , Where
C,+2-Cy

C, is the equivalent capacity per unit length of cable sheath, C,, is the equivalent capacity per unit
length of single insulated core.
In case of sheath with pinhole the equivalent capacity C; is shunted (Figure 4b).
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Figure 4. The equivalent electric circuit of the cable HO3VVH2-F with a defect-free sheath (a) and
defect sheath (b).

Then, the capacity per unit length (Cé) is
Cy=2-C
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Thus, according to the hypothesis the capacity per unit length is significantly increase in case of
pinhole through the whole thickness of sheath. Due to this effect the defect can be registered during
the in-process control.

To verify this state the physical modeling of the cable with defect sheath in a strong electric field is
provided.

4. Physical modelling
Initial experiments were carried out in weak electric fields, i.e. the electric field in the cable was much
weaker than air dielectric strength. Measurement of the cable capacity was carried out according to the
instructions of the state standard for measuring the electrical capacity of the wire [18].

To match this physical model with a real cable in strong fields, the air gap between the insulations
and the sheath of the cable should have good conductive properties. To fulfill this condition, the air
gap was filled with a concentrated 20 % NacCl salt solution.

5. Experiment
To provide the experiment two test samples of the cable is prepared. The first test sample is the cable
with defect-free sheath, the second one is with defect sheath. To prevent an end effect the length of the
test samples is 700 mm. The sheath defect of second test sample is pinhole from the external to the
internal sheath surface. The pinhole diameter is 0.75 mm. The test samples are immersed partly in a
metal tank with water, according to the measurement procedure specified in the standard [25-30].
Measurements are provided with the digital LCR meter AM-3001, which basic accuracy does not
exceed 0.05 %. One of the LCR meter contacts is connected to the conductive parts of the cable, the
other contact is connected to the metal tank with water, which has been grounded. The drive voltage of
the LCR meter is 1 V, a parallel equivalent circuit of measurements is chosen.

The empirical dependence of the relative variation of cable capacitance ¢ from the test length | is
presented for the several frequency values (Figure 5). The formula for the calculation of the parameter
ois
C,-C

0= -100%

where Cy is the electric capacity of the cable with defect sheat’h, C is the electric capacity of the cable
with defect-free sheath. The test length is the length of immersed part of the test sample.
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Figure 5. The empirical dependence of the relative variation of cable capacitance from the test length.

Analysis of the obtained data has shown the exponential behavior of the dependences. For the
maximal test length | = 65 cm the sheath pinhole leads to capacity variation about 9 % with test
voltage frequency 100 kHz, 25 % variation with frequency 10 kHz and 38 % variation with 1 kHz
frequency. The most important results for this experiment are obtained for the test length 1 = 10 cm,
because this is the most commonly used electrode length for the in-process spark testing. The variation
for this length is about 120 %, 100% and 22 % for the 1 kHz, 10 kHz and 100 kHz test voltage
frequencies respectively.

6. Summary
This work describes the possibility of the sheath hermiticity testing by measuring of the cable capacity
per unit length variation during spark testing. The cable 2x0.75 HO3VVH2-F is proposed as a model.
It is important, that spark testing is in-process method of testing. For this reason dead zone is 20 %
from nominal value of measuring cable capacity. This value is defined to reduce the number of the
false alarm. In case the test length is 10 cm, the physical modeling results show that variation of the
capacity is higher than the insensitivity level. Thus, it was found that the defect through the whole
thickness of sheath can be registered by given method with frequencies 1 kHz and 10 kHz.

The aim of the further research is verification of the obtained results by the measurements of the
cable capacity per unit length variation performed with the spark tester with additional options of
cable capacity measuring.
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