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Abstract
The ever-increasing demand for electric power in developing economies points to the need to localize the
production of major power system components for cost and convenience reasons. Insulators constitute
large percentage component of electric power system. This paper focuses on the experimental
characterization of a locally fabricated 415 V porcelain insulator. The characterization was conducted
using a Hipotronic dielectric AC test set. Based on the results of the test, the following properties of the
porcelain insulator were determined: Total Resistance of 8.33 x 106 Ω, Dielectric Withstand Strength of
3.8 x104 V/m and Dielectric Breakdown strength of 4.6 x 104 V/m. Similar tests were conducted on
commercially available 415 V porcelain insulator. The results of the local and commercial were found to
be comparable. This suggests the suitability of the locally fabricated porcelain insulators for power system
applications.
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1. Introduction
The reliability and stability of any electrical
power system is tied to the ability of the solid
insulators to provide the required insulation for the
current carrying conductors and mechanical
supports. However, it is regrettable that Nigeria as
it stands depends largely on imported insulators for
the need of her power industry. This is against the
fact that Nigeria has abundant natural resources
required for self-production of these insulators.
Several scholarly works have been conducted on
local raw materials to manufacture electrical
porcelain insulators (Anih, 2005; Ovri and Onuoha,
2015; Ajakor et al., 2015; Atanda et al., 2012).
High cost of importing foreign produced insulators
and inability of the power industry to effectively
maintain the power system with high dependence
on imported insulators is of great concern.
The aim of this study is to determine the
suitability of locally made porcelain insulators for
use in the 415 V distribution network of the
Nigerian power system.
Hence, it requires
evaluation of some of its electrical properties such
as Total Resistance, Dielectric Withstand Voltage,
Dielectric
Breakdown
Voltage,
Dielectric
Withstand Strength, and Dielectric Breakdown
strength.

2. Materials and methods
2.1 Raw materials
The raw materials used in producing the
porcelain insulator were obtained from clay
samples gotten from two local communities:
Unwana and Edda both located in Ebonyi State,
Nigeria. Unwana Clay sample is reputable for its
high heat resistant capacity and Edda Clay is
known for its high heat resistance and low
plasticity. The constituents of both clay samples are
majorly Feldspar, Quartz and Water. The chemical
composition of Feldspar is alumina and silica in
their chemistry. Alumina helps to improve the
mechanical properties of porcelain insulators (Kim
et al., 2019). While that of Quartz consists of onepart silicon and two parts oxygen also known as
silicon dioxide (SiO2). It is the most abundant
mineral found within the Earth's surface. Water is a
universal solvent. It is a compound formed by
hydrogen and oxygen (H2O).
2.2 Material dimension and fabrication
The dimensions of the locally made porcelain
insulator are as follows:
 shape: cylinder
 height (h): 65mm
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 radius (r): 2mm
 line voltage: 415 V
The production process of porcelain insulator
involves the following major stages:
a) Body Preparation: The raw materials were
roughly crushed by the jaw crusher, hammer
mill and ball mill. The slip was further sieved
and passed through the magnetic filter so that it
is free from iron impurity as well as being
uniform in particle size.
b) Shaping: Shaping was done by the casting mold
method. Next, the slip was poured into a casting
mold to be de-hydrated and solidified into the
shape of porcelain insulator.
c) Glazing: Glazing was sprayed on the bodies
either manually or automatically. Glazing also
can be done by dipping the molded ware into a
tank filled with glazing medium.
d) Firing: After glazing was completed, the
molded ware was ready for firing. Firing is a
further heating step that can be done in a kiln. A
periodic kiln consists of a single, refractorylined, sealed chamber with burner ports and
flues (or electric heating elements).
e) Quality Control: The character of the raw
materials is important in maintaining quality
during the manufacturing process. The chemical
composition, mineral phase, particle size
distribution, and colloidal surface area affect the
fired and unfired properties of the porcelain.
With unfired body, the properties evaluated
include viscosity, plasticity, shrinkage, and
strength. With fired porcelain, strength,
porosity, colour, and thermal expansion were
measured using appropriate equipment. The
final stage involved thorough inspection for
crack, dirt, and pinhole. Fig. 1a shows the
locally fabricated porcelain as compared to the
commercial one in Fig. 1b.

Fig. 1b: Commercial porcelain insulator
2.3 Experimental set-up and testing
The experiment involved the subjection of the
sample porcelain insulators, both local and
commercial, to sets of high voltages within certain
time durations. The equipment used for the
experimental testing was Hipotronics high voltage
A.C dielectric test set (as shown in Fig. 2) which
has the following specifications (Robinson
Instrument User’s Guide, 1995):
Inputs: 220VAC, 15A, 1ɸ
Current meter: Triple range, 0 – 1/10/100 mA
Voltmeter: Triple range, 0 – 25 / 50 / 100 kV
3
1
7
Dimensions: (17 8 × 14 2 × 31 8) inches (width x
depth x height)
Weight: (HV module: 61 kg; Controls unit: 28 kg;
Complete unit: 89 kg)

Fig. 2a: Hipotronics high voltage A.C dielectric
test set

Fig. 1a: Local porcelain insulator

The experimental set-up is as shown in Fig. 3 and
the resulting plot displayed in Figure 4. The sample
was clamped between two electrodes, while the
supply voltage (Vs) was gradually increased from 0
– 2.5 kV for a total time duration of approximately
290 seconds before breakdown. The circulating
current (I) for each incremental step in voltage was
recorded as shown in Table 1.
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Fig. 2b: Front panel view of control unit (Robinson Instrument User’s Guide, 1995)
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Fig. 3: Circuit diagram of experimental set-up
3. Results and discussion
3.1 Characterization of local porcelain insulator
Characterization of the locally fabricated
porcelain samples involved using the test results to
determine the following parameters:
a. Total Resistance Rt
The sample was clamped between two electrodes,
while the supply voltage (Vs) was gradually
increased from 0.5 to 2.5 kV. The circulating

current (It) recorded from the ammeter was 0.30
mA. Hence, Total Resistance is:
𝑉
𝑅𝑡 = 𝐼𝑠 = 8.33 × 106 Ω
𝑡

The implication of this result is that the porcelain
insulator is capable of confining the circulating
current along the conductor path only.
b. Dielectric withstand strength
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From Table 1, the Dielectric Withstand Voltage
(VWS,) is 2.5 kV, therefore, the dielectric withstand
strength is:
𝑉𝑊𝑆
= 3.8 × 104 𝑉/𝑚
ℎ
This is enough to sustain 415V of low-tension
lines.
c. Dielectric breakdown strength
From Table 1, the Dielectric Breakdown Voltage
(VBS) is 3.0 kV, therefore, the dielectric breakdown
strength is:
𝑉𝐵𝑆
= 4.6 × 104 𝑉/𝑚
ℎ
This is within the acceptable limit for low-tension
lines.
3.2 Comparison of local with commercial
porcelain insulator
Commercial 415 V porcelain insulator was
subjected to the same uniform dielectric tests using
the Hipotronics A.C. dielectric test set. The results
were compared with the locally fabricated
porcelain insulator as shown in Table 2. Based on
the results obtained from the tests, it was observed
that both local and commercial samples have
similar dielectric withstand strength and breakdown

strength of 3.8 x104 V/M and 4.6 x104 V/M,
respectively. However, they differ slightly in the
total resistance. The local sample has a lower
resistance of 8.33 x 106 Ω as compared to that of
the commercial of 9.6x106 Ω. This slight difference
might be tied to a number of factors, which may
include the chemical composition and material
constituents of the commercial porcelain insulator
as compared to that of the local sample. This slight
difference in the total resistance shows that the
commercial insulator is slightly of a better quality
in terms of its electrical and mechanical properties.
In terms of electrical, the commercial insulator can
withstand slightly more magnitude of current flow
and in terms of mechanical it can withstand slightly
more voltage pressure and hence less susceptible to
wear and tear. Nevertheless, this comparison is to
show that the locally fabricated porcelain insulator
meets the conditions of a good insulating material.
This is further corroborated by Fig. 4 which shows
the endurance strength of the porcelain insulator
over an increasing voltage application before
breakdown. Therefore, it can be applied in the low
voltage 415 V distribution network.

Table 1: Experimental test results for local porcelain insulator
Supply voltage (kV) Duration (Sec) Circulating Current (mA)
0.5
58
0.07
1.0
60
0.10
1.5
55
0.18
2.0
61
0.22
2.5
60
0.30
3.0
45
Breakdown
Table 2: Comparison of the electrical properties of a local and commercial 415 V porcelain insulator
Electric properties
Local
Commercial
Total Resistance
8.33 x 106 Ω
9.6x106 Ω
Dielectric Withstand Voltage
2.5 KV
2.5 KV
Dielectric Breakdown Voltage 3.0 KV
3.0 KV
4
Dielectric Withstand Strength
3.8 x10 V/M 3.8x104 V/M
Dielectric Breakdown strength 4.6 x104 V/M 4.6x104 V/M
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Fig. 4: Applied voltage versus time duration for local porcelain insulator
4. Conclusions
Porcelain insulator samples of local and
commercial origin were subjected to uniform
dielectric tests using Hipotronics A.C dielectric test
set. The insulating properties of both samples were
tested and the results obtained were comparable.
The dielectric withstand voltages of both samples
of porcelain insulator were obtained as 2.5kV
which is more than six times the desired voltage
415 V of a low voltage 3- phase line. Hence, this
study has shown that the sample of porcelain
insulator made from Unwana and Edda Clay as
main raw materials has the potential electrical
resistance properties for production of low voltage
porcelain insulators.
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