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AUTOMATION OF ELECTRIC SPARK TESTING OF CABLE PRODUCTS

Abstract. The aim of the work is a comprehensive solution to the scientific and technical
problems of the effective use of the spark testing method in the production of cable products. This
work investigates models of defective and non-defective insulation as a non-linear electrical load. A
detailed analysis of the possibility of detecting defects using voltage of various forms and frequencies
(AC HF, 50 Hz, DC, and pulse) was conducted. It is proven that it is impossible to apply control
based on the partial discharge level on a production line due to the high level of background surface
discharges. A block diagram of a test bench for the certification of spark testers has been developed.

Key words: spark testing, spark tester, cable insulation, partial discharges, dielectric strength,
equivalent circuit, test voltage.

Introduction. The spark testing method is the primary and mandatory method in the production
of cable products (CP) with polymer insulation. Its essence lies in applying a high voltage to the
surface of the insulation of a moving cable; when a defective section passes, a spark discharge occurs,
which is registered by a flaw detector.

Despite the long experience with the method's application, a number of unresolved issues
remain. There is no qualitative and quantitative description of the types and geometry of defects that
are reliably detected by this test. Models of defective and non-defective insulation as an electrical
load during testing have not been described. The differences in the effectiveness of testing with
voltage of different forms and frequencies have not been sufficiently studied. The aim of the work is
a comprehensive solution to the scientific and technical problems of the effective use of the spark
testing method in the production of cable products.

Methods and Materials. In this work, the cable product was considered as an electrical load,
the simplified equivalent circuit of which consists of the insulation resistance (Rins) and insulation
capacitance (Cins) connected in parallel. Studies have shown that insulation is a non-linear load: its
equivalent capacitance and resistance significantly depend on the applied electric field strength and
frequency. A critical factor affecting the parameters is the temperature of the polymer. Heating of the
insulation at the exit from the cooling bath (up to 80°C) can lead to an increase in dielectric losses by
2-5 times (depending on the material grade).

An analysis of different defect detection mechanisms was carried out:

1. Detection by electrical breakdown (primary method). Calculations showed that this method
reliably detects through-hole defects (minimum calculated diameter — 30 um) and significant local
thinning of the insulation. Electrothermal breakdown consistently occurs when the insulation
thickness at the defect site is 13-28% of the nominal (depending on the material — PVC, polyethylene,
rubber).

2. Detection by partial discharge (PD) level. Studies have proven the impossibility of using this
method on a production line. The reason is the high level of background surface discharges (corona)
on the spark tester electrode. As seen in (Fig. 1), these discharges have a high amplitude. The
background noise level exceeds the useful signal level from PD in a conditional defect (100 um) by
more than 1000 times.
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Fig. 1. Oscillogram of voltages during the test of mounting wire NV-1

3. Detection by change in specific capacitance. This method was found to be insensitive for
detecting small defects. Due to the product's vibration in the electrode, the presence of moisture, and
other technological factors, the spread of capacitance values for non-defective sections reaches +20-
23%. This only allows for the registration of significant and extensive geometric changes (thinning
or thickening).

A key area of the research was comparing the effectiveness of testing with voltage of different
forms and frequencies. It was established that the dielectric strength of the insulation (breakdown
voltage Uy significantly depends on the frequency. As the frequency increases, the breakdown
voltage decreases (Fig. 2).
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Fig. 2. Dependence of breakdown voltage on high voltage frequency for telephone wire KSPV 4 0.12 (a) and LAN
cable KSSPV UTP 4 Cat. 5e (b) wires

This proves that high-frequency (HF) AC voltage (e.g., 1-3 kHz) is more effective (detects
defects at a lower voltage) than 50 Hz voltage or direct (DC) voltage.

To solve the problem of test reliability and ensure measurement uniformity, a test bench for the
certification of spark testers was developed (Fig. 3). The bench allows for certification directly at the
equipment's operation site and can simulate various types of loads and defects.
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Fig. 3. Block diagram of the installation for certification of spark testers

Conclusions. The studies have proven that the spark testing method reliably detects through-
hole defects larger than 28 um and critical insulation thinning (down to 13-28% of the nominal).
However, control by partial discharge level was found to be impossible on the production line due to
the extremely high level of background surface discharges (exceeding >100 times). Similarly, control
by capacitance change is limited by high levels of technological noise (up to £23.5%). An analysis of
the influence of voltage form and frequency was conducted, which proved that testing with high-
frequency AC voltage (> 500 Hz) is more effective than testing with 50 Hz voltage. To address
reliability issues, a block diagram of a mobile test bench for certifying spark testers is proposed.



