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Abstract

Chemical by product diagnostic technique is an efficient, cost-effective and reliable diagnostic
technique for gas insulate switchgear condition monitoring in view of its high sensitivity and anti- internal
and external electromagnetic interference and noise. In this research paper, coaxial simulated gas
insulated switchgear chamber and four different types of artificial defect were designed to cause partial
discharge that will simulate the decomposition of sulphur hexafluoride gas in the chamber when energize.
Fourier transform infrared spectrometer was used as the method of chemical by-product technique to
detect the SFe decomposition product and its concentration. Different numerous by-products were
detected (SO, SOF;,, SO2F2, SO2F1o, SiFs, CO, CsFs, C2Fs ) under this experiment using four different
types of defect and the by-products differs with the type of defect and the generation rate. Gas insulated
switchgear health condition can be feasibly diagnosed by analyzing the decomposition products of SFg to
identify its fault.
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1. Introduction

Gas insulated switchgear is a requisite high voltage equipment that is used in power
system during the process of transmission and distribution of electrical energy for the purpose of
controlling, protecting and isolation of other electrical power system equipment. It is used
because of its compact in nature, high performance and reliability, outstanding compatibility with
the environment, low maintenance requirement and ability to interrupt fault current in power
system network thus it serves as the backbone of modern power system [1, 2].

Sulphur hexafluoride gas (SF6) is used in gas-insulated switchgear as its insulant and
coolant due to its good thermal transfer characteristics and high dielectric properties with
excellent arc quenching ability compare to vacuum and air [3-5]. Despite the fact of SF6
excellent characteristic in GIS, it deteriorate due to the activities of partial discharge caused by
small defects such as metallic protrusion, free conducting particles, fixed contamination on the
surface of the spacer and gap at electrode/epoxy interface [4], [6-8 ], thereby causing the GIS to
fail and such failure are sometimes sudden and catastrophic that will lead to irreversible internal
damage of the GIS causing power outages in the entire system network which will paralyze
economic and other activities, cause personal and environmental hazards and high cost of
replacement. Therefore this critical asset (GIS equipment) should be monitored closely and
continuously using a reliable and effective technique in order to evaluate its operating condition
and to ensure its maximum uptime.

Studies carried out by researchers shows that the presence of partial discharge in GIS
will yield to different types of SF6 decomposition product with different concentration at
generated rate such as SOF2, SO2F2, SOF4, S2F10, CF4, CO2, S2F2, SF2, SF8, SF4, C3F8,
C2F6, CO, COS, H2S, HF, SO2, and SiF4 Etc [9, 10]. The detection of the SF6 decomposition
products and its concentration in GIS can give adequate information about the property, type
and the level of internal deterioration of insulation in the equipment prior to its failure. This type
of detection is called chemical by-product diagnostic techniques of GIS condition monitoring.
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The international methods used in chemical by-products techniques to detect SF6
decomposition products are the detector tube, gas chromatography, gas analyzer and Fourier
transform infrared spectrometer (FTIR). These methods are effective because it is not affected
by internal and external interference (noise and electromagnetic interference) and it has the
potential of becoming the most powerful diagnostic technique to be used in GIS to ascertain the
condition of its health.

Detector tube uses chemical reaction in a special test tube for its detection and it can
only detect few gases such as SO2, SOF2, SO2F2, and HF. The detector tube precision can
reach up to lppmv but its stability can be affected by humidity, temperature, and cross
interference [11- 13]. Gas chromatography is a process of separating a mixture of gases into its
individual components. It can only detect few gases such as SOF2, SO2, SO2F2, CF4,CO2.
etc. and its detection accuracy can reach up to 1ppmv but it takes a long time in the injection of
the sample and analysis, also the chromatographic column has to be clean regularly and it is
not suitable for online monitoring [,9-11], [13-18]. The gas analyzer is used to detect few SF6
decomposed components such as H20, SO2 and O2 only. It has the advantage of high
efficiency and speed during operation but the sensor that is used in the gas analyzer can be
poisoned after a long period of used due to the chemical reaction between the gas sensor and
the gas to be detected, thereby affecting the sensitivity and the detection precision of the
gasanalyzer [11-13], [15, 19].

Fourier transform infrared (FTIR) method used for the detection of SF6 decomposition
product has high detection precision, high detection speed, ability to detect numerous types of
decomposition product, with strong resistance to internal and external interference and also has
the ability to detect sample repeatedly. It is also suitable for online GIS monitoring with the
powerful prospect of becoming the most powerful SF¢ by-product method of chemical diagnostic
technique. In this research quantitative study of SFs decomposed product was conducted based
on the FTIR method of chemical diagnostic technique to ascertain the health condition of GIS
under four different artificial designed defect. [11, 12, 15,19]

2. Experimental Study

The experiment was conducted in the lab of High voltage and High current institute
(IVAT) in the faculty of Electrical Engineering, Universiti Teknologi Malaysia (UTM). The
experiment was setup by connecting the experimental facilities as shown in Figure 1. The gas
chamber was entirely cleaned with white spirit then artificial defects were placed in the gas
chamber and sealed. The chamber was subjected to a vacuum pump then filled with
pressurized SFg gas at a pressure of 2bar. High voltage was applied to the chamber and the
artificial defects generate partial discharge that simulates the decomposition of SFg then the
decomposition products were detected by Fourier transform infrared spectrometer.
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Figure la. SFs decomposition and detection system schematic diagram
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Figure 1b. SF¢ decomposition system in IVAT lab UTM

2.1. Decomposition Gas Chamber

SF¢ decomposition gas chamber is a coaxial or concentric cylinder with a flat flange and
cone cover at end of the both side respectively as shown in Figure 2a and 2b. It is a sealed
container with a volume of about 10litres (0.01m3) and a tolerance pressure and voltage of
about 6bar and 60kv respectively. The coaxial gas chamber is made up of (Cr/Ni/Fe) Austenitic
stainless steel designation of AISI 300 series for good weldability and corrosion resistance. It
has gas inlet and outlet that is used to fill and reclaim pure and decomposed SF¢ gas in the
chamber before and after the experiment respectively. Also viewing window and pressure
gauge was attached on it. High voltage electrode made up of aluminium and a spacer
connected to it separates the high voltage conductor and the ground electrode made up of
Austenitic stainless steel which is the tank of the chamber. The high voltage conductor is at the
supply end and it is insulated with condenser graded porcelain bushing.

Pressure guage
Inlet

GIS Tank | Bushing

High Voltage Electrode

(T

N 5

High Voltage Electrode

Spacer =
Viewing Window Outlet

Figure 2a. SF¢ decomposition gas chamber
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Figure 2b. Decomposition gas chamber in IVAT lab UTM

2.2. Artificial Defects

Four artificial defects namely metallic protrusion defect, fixed defect, gap or void defect
and floating particle defect were designed in line with typical defects in practical GIS as shown
in Figure 3. The artificial defects simulate the generation of PD in the system. Protrusion defect
was a needle electrode with diameter and length of Imm and 10mm respectively with a 0,2mm
radius of curvature fixed on the high voltage electrode. The distance between the needle and
the ground electrode i.e. the tank of the chamber is 12mm as shown in Figure 3a. The fixed
defect is made up aluminium foil of 15mm x 10mm dimension attached to the surface of the
spacer as shown in Figure 3b. A gap defect is a void of 1mm between the spacer and the high
voltage electrode as shown in Figure 3c and the floating particle defect is made up of cutting of
copper of 15mm length by 0.1mm diameter inserted in the chamber and allow to move freely as
shown in Figure 3d. Aluminium was used as the high voltage conductor or electrode and
Austenitic stainless steel as the ground electrode which is the tank of the chamber in order to
make the simulation more practical as in real GIS.
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Figure 3. Designed four kinds of artificial defects
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2.3. Fourier Transform Infrared Spectrometer for Detection of Sfg Decomposition
Products

Fourier transform infrared ray (FTIR) spectroscopy was used to detect the SFg
decomposition products and its concentration as shown in Figure 4. The decomposed gas was
injected into the FTIR spectrometer which consists of a source (glowing black body),
Interferometer and detector. The source emits an infrared radiation (energy) inform of a beam
that passes through an aperture (mirror) which controls the amount of energy that goes to the
sample and detector. The beam enters the interferometer where spectral coding takes place
resulting in interferogram signal, then it passes to the sample and some of the radiation is
absorbed by the sample while some are reflected then the beam finally passes to the detector
which is design to measure interferogram signal. The measured signal is digitized and sent to a
digital computer where Fourier transformation takes place. The final infrared spectrum was then
interpreted by pop software that was installed in the digital computer then the SFs detected
decomposition product and its concentration was extracted and printed.

Figure 4. FTIR spectrometer in TNB research institute Kajang Selangor Malaysia

2.4. Experimental Procedure

As shown in Figure 3 all the facilities of the experiment were connected. The designed
artificial defect was inserted into the clean gas chamber that was subjected with a vacuum
pump and filled with (99.99%) pure SF¢ at a pressure of 2bars. The gas in the chamber was
checked to ensure that there was no leakage then connected to high voltage single phase
supply. The PD detector type TE 571 model was calibrated with the use of KAL 451 calibrator.
After the calibration high voltage was applied to the gas chamber through the high voltage
conductor and increased gradually until the PD detector detects PD and allowed to for a period
of 50 hours.

This experiment was conducted excluding the influence of humidity and temperature but
the temperature and humidity of the laboratory were about 24°C and 60% humidity respectively.
The high voltage was disconnected and the residual voltage was discharge with earth electrode
before sampling and connected after sampling. SFg gas was sampled every 10 hours with the
use of TEDLAR-PVT sampling bag for the detection of decomposed product. The TEDLAR-PVT
sampling bag (1litre) has excellent corrosion resistance. The sampling amount taken was about
90 ml and the gas chamber was not refilled because the sample amount taken is very small and
it has negligible influence on the experiment. The sample gas was taken and injected into FTIR
spectrometer to detect the amount and concentration of the decomposed products. The
experiment lasted for 50 hours and after that, the defect was change to another one and the
same experimental step and procedure was repeated for all the four artificial defects.

IJEECS Vol. 7, No. 1, July 2017 : 18 - 28



IJEECS ISSN: 2502-4752 m 23

3. Results of Experiment and Discussion
3.1. Decomposition Product

The decomposition product of SFg gas and its concentration detected by FTIR
spectrometer under four kinds of artificial defects that caused the partial discharge that simulate
the decomposition is illustrated below.

Experiment with a Void defect was carried out at the voltage of 55KV and the SFg
decomposition products detected using FTIR spectrometer are SO,, SO,F,, SiF, and C,Fg (four
numbers). SO,, SO,F, and SiF, are not stable SFg decomposition products and their
concentration at 50 hours decrease respectively while C,Fs is almost a stable SFg
decomposition product that its concentration oscillates with an increase in time during the period
of the experiment. It was also observed that the concentration of SO,, SO,F, and SiF, are
higher than that of C,Fg as shown in Figure 5a and 5b.
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Figure 5a. Void defect concentration of SFg decomposition product variation with time
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Figure 5b. Void defect concentration of SFg decomposition product variation with time
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Experiment with fixed artificial defect attached to the spacer was conducted at the
voltage of 54KV and the SFg decomposition products detected using FTIR spectrometer are
S0,, SO, F2, CsFg and C,Fg (four in numbers). C,F¢ is a stable SFg decomposition product but
its concentration is undulating during the period of the experiment. C3Fg is almost a stable SFg
decomposition product that slightly increases and decreases in its concentration while SO, and
SO,F, are not stable decomposition products. The concentration of SO, in the course of the
experiment is more than that of SO,F,and that of SO,F, is more than that of both CsFg and C,Fg
as shown in Figure 6a and 6b.
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Figure 6a. Fixed defect concentration of SFg decomposition product variation with time
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Figure 6b. Fixed defect concentration of SFs decomposition product variation with time
Floating artificial defect experiment was carried out at the voltage of 45KV and the SF¢

decomposition product detected using FTIR spectrometer are CsFg and C,Fg (two numbers).
C,F¢ is a stable decomposition product that its concentration oscillates continually with variation
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of time while C3Fg is not a stable decomposition product and its concentration is less than that of
C,F¢ as shown in Figure 7a and 7 b.
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Figure 7a. Floating defect concentration of SFg decomposition product variation with time
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Protrusion artificial defect experimental voltage is 50KV and the SFs decomposition
products that were detected using FTIR spectrometer are SO,, SOF,, SO,F,, SO,F, SiF4, CO,
CsFg, CyFs (eight number). SOF, and SO,F, are stable decomposition products that its
concentration increases with variation in time and disappears, SiF, and C,F4 are almost stable
decomposition product while SO,, SO,F;9, CO and CzFg are not stable decomposition products.
SOF, and SO,F, have a higher concentration than the other decomposition products as shown
in Figure 8a and 8b.
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Figure 8a. Protrusion defect concentration of SFg decomposition product variation with time
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Figure 8b. Protrusion defect concentration of SFg decomposition product variation with time

4. Conclusion

GIS in operation suffers the challenge of insulation degradation (decomposition) and
eventually failure in the presence of defects caused by partial discharge. The main SFg
decomposition products detected by FTIR spectrometer under the four artificial defects are
follows; void defect (SO,, SO,F,, SiF, and C,Fg), fixed defect (SO,, SO, F2, C3Fg and CyFg),
floating defect (CsFg and C,Fg), protrusion defect (SO,, SOF,, SO,F,, SO,F1,, SiF4, CO, CsFg,
C,F¢) The SF¢ decomposition characteristics under the four artificial defects are clearly different
in terms of decomposition product, the concentration of decomposition products and
decomposition rate during the period of the experiment. From figure 5-8 shows that protrusion
defect has the highest number of decomposition products with high concentration, its effect on
GIS insulation deterioration will be more than fixed defect, floating defect and void defect while
fixed defect will be more than that of floating and void defects. Therefore protrusion defect is
more harmful to the health state of GIS followed by fixed defect then floating and void defect.
These acquired decomposition products and their concentration can be used to detect and
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identify the type and the level of fault in gas insulated switchgear before GIS failure for purpose
of preventive maintenance. Also, it is attainable to recognise and classify different types of
defects caused by PD when SFg decomposition products are analysed.
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