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Abstract — The existence of broken glass insulator as part of a complete string may alter the local voltage distribution. A finite 
element software is used to study the effect of broken glass insulator (stub) to the voltage distribution profile. In this paper we 
present the voltage distribution profile across single and ten units of glass insulator string with different locations. The results show 
that the presence of broken insulator under dry conditions and without contaminants affects the distribution profile of voltage. The 
local voltage distribution is certainly altered when the stub is present at any location in the string. However, maximum percentage 
increase in voltage is experienced when the stubs are located near to the ground (GND) end. This result helps to explain the ability 
of transmission line insulation system to operate satisfactorily even with the presence of stubs along the string. 
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I. INTRODUCTION 
 
Glass insulator strings have been providing excellent 

service in transmission and distribution lines. However, the 
insulators, independently or stacked in a string, can be 
damaged or broken for various reasons during their service 
life. Glass insulators are unlike porcelain insulators, which 
can be broken in chunks and leaves a large remaining piece 
at the skirt [1]. Perfect glass insulators shown in Figure 1(a) 
when dealing with perhaps rifle shots may result in 
completely broken shells which so-called as stub (insulator 
with broken shed but the cap and pin remain intact) and 
sometimes called as “sabugo” in Brazil [2], represented in 
Figure 1(b). 

 

 
Figure 1: Pictorial view of typical glass insulators: perfect (left) and 

stub (right) unit. 
Experimental studies of broken insulators have received 

more attention from researchers compared to simulation 
studies which is limited. It has been accepted in [3], that 
different location of stubs affects the electrical breakdown 

voltage of the glass insulator strings. The electrical 
characteristics and properties of a stub have been discussed 
thoroughly in [4]. It is important to investigate the properties 
of a stub so that the information of the minimum number of 
perfect glass insulator units in a string is obtained, to allow 
live work maintenance as reported in [5]. Determination of 
critical flashover level based on insulator types, number and 
position of broken units are well described in [6]. Thus, it 
can be summarized that different position of stubs affects the 
mechanical and electrical response [7], the electrical 
breakdown voltage [3], and also switching impulse voltage 
[8]. 

On the contrary, in simulation studies, only electric field 
distribution profile has been investigated in [9] using 
boundary element software which shows that the broken 
insulators possess high electric field. It is believed that the 
distribution of voltage profile also may be altered in the 
presence of a stub in the string insulators during service. The 
knowledge of voltage and electric field distribution provides 
information on the condition of the insulator. 

 Although many experiments have been conducted 
to investigate the properties of a stub, the exploration on the 
voltage distribution profile on glass insulator string with 
stubs has not yet been carried out in spite of many 
sophisticated software that can implement simulation 
analysis. Motivated by this situation, therefore, voltage 
distribution profile of single unit of broken insulator as well 
as part of complete string (ten units) is presented. 
Distribution profile for different location of stubs in the 
string insulators are also discussed in this study. 

II. SIMULATION PARAMETERS 

Cap and pin HV glass suspension insulators of U100BL 
[10] type is selected in this study with the technical 
parameters of the modelled insulator is explained in [11]. It 
is worth mentioning that the nominal creepage distance of 
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the selected insulator is 320 mm; with the suspension length 
and shed diameter is 150 mm and 255 mm, respectively. The 
simulation analysis was conducted using QuickField™ 
Professional software for both single and 10-units of glass 
insulators string. The simulation was performed in “AC 
conduction” analysis using the material properties presented 
in Table I. 

TABLE I.  MATERIAL PROPERTIES 

Type of material 
Relative permittivity, 

εr (F/m) 
Conductivity, σ (S/m) 

Air 1 0 

Cement 15 0.0001 

Glass 4.2 0 

Cast Iron 1000 104400 

 
 

A. Single Unit of Perfect Insulator and Stub  

In this section, a 11 kV AC stress is applied to the 
insulator pin while the insulator cap is grounded. 
Considering that the insulator has a symmetrical shape, the 
simulation work was performed in an axisymmetric 2D 
model class. In this class, the cross-section of the insulator 
shown in Figure 2 was adequate to represent the 3D 
modelling model using this software. It is important noting 
that the stub was modelled with the creepage distance of 42 
mm; with the grading ring, supporting structures, conductors 
and other accessories are to be neglected in this study. 
 

Insulator cap

Insulator pin

Cement

Glass Insulator

 

Insulator cap

Insulator pin

Cement

Broken Glass 
Insulator

(a) (b) 
Figure 2: Modelling of the insulator in: (a) Perfect insulator, and (b) Stub. 

B. String of Ten Units of Perfect Insulator and String With 
Different Locations of Stubs  

In this section, a 132 kV AC stress is applied to the pin 
at the bottom of string insulator and the top insulator cap is 
grounded. The same simulation parameters discussed in 
Section 2.1 was also applied in this section. Figure 3 shows 
three different positions (cases) of stub chosen to study their 
effect on voltage distribution and the positions are: 

1) Case A: Two stubs are placed near to GND end,  
2) Case B: Two stubs are placed at the middle of 

string, and  

3) Case C: Two stubs are placed near to high voltage 
(HV) end. 
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Figure 3: Insulator Modelling. 

III. RESULTS AND DISCUSSION  

A. Single Unit of Perfect Insulator and Stub 

The distribution of voltage along creepage distance for 
single unit of perfect insulator and stub along creepage 
distance are represented in Figure 4. Voltage distribution for 
perfect insulator began to increase at a distance of 20 mm of 
insulator cap and maintains the value between 3 kV to 5 kV 
before started to rise again until 11 kV. The uneven voltage 
distribution is believed due to the irregular glass insulator 
shell shape of the insulator. Meanwhile, the distribution of 
voltage is gradually increased from the insulator cap until the 
insulator pin for the stub since the shell of glass has been 
broken. 
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Figure 4: Voltage Distribution for Single Unit of Perfect and Stub Insulator 

along Creepage Distance. 
 

Contour profile extracted from finite element software for 
single and stub insulator is shown in Figure 5. It is observed 
that higher voltage ranging between 5.5 kV and 11 kV seems 
to be distributed more in the stub compared to the single 
insulator. Apart from that, the density of equipotential lines 
for the stub appears to be more closely compared to single 
insulator. 

Single Insulator Stub Insulator

11 kV

0 kV

11 kV

0 kV

 
Figure 5: Contour Profile for Single Unit of Perfect and Stub Insulator. 

 

B. String of Ten Units of Perfect Insulator and String With 
Different Locations of Stubs  

Voltage distribution profile for all stubs positions with 
reference to complete string are illustrated in Figure 6. It is 
apparent from the figure that the voltage is distributed 
gradually from insulator 1 to 10 for complete string; but 
starts to alter as the stub exists within the string. However, 
among the three positions, the voltage distribution profile has 
greatest effect when the stubs are located near to the GND 
end. 
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Figure 6: Voltage Distribution Profile for All Cases. 

 
It is found that the percentage increase of voltage for 

Case A almost 50% followed by 35% for Case B and finally 
Case C with 26% of voltage increase. Therefore, it can be 
deduced that the voltage distribution along the string is less 
affected when the stubs is located near to HV end compared 
to GND end. Based on the presented results, it is worth to 
mention that although there is an increment in voltage 
distribution profile, the string insulator still can be operated 
in service. This situation may provide sufficient time to 
power system engineer to replace the broken insulator with 
new insulators. 

The contour profile of complete insulator string and 
string with different locations of stubs is represented in 
Figure 7. It is perceived that the intensity of voltage level as 
well as equipotential lines density is different for all cases. 
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This proves that the existence of stub affects the voltage 
distribution of the string insulator which may degrade the 
performance of the transmission line system. 
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Figure 7: Contour Profile for All Cases. 

 

IV. CONCLUSION 

This paper presents the voltage distribution profile across 
single and ten units of glass insulators string with different 
locations of stubs. From the presented results, it is proven 
that the presence of stubs is definitely alter the voltage 
distribution profile along the glass insulator string. Although 
there is significant difference in the voltage distribution 
between perfect insulator and stub, the remaining perfect 
insulators available in the string are less affected. For this 
reason, broken string insulators with the stub intact can still 
serve the transmission line insulation system, as long as it is 
intact. 
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