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Abstract—This paper presents the study results conducted on 

the critical flashover (CFO) voltages of the fiberglass distribution 
line pole and its combination with polymer and porcelain 
insulators. Special attention was made to evaluate the Added 
CFO voltages by the fiberglass pole to the insulators when pole 
served as a second component in the distribution line structure. A 
discussion of the results follows the data obtained.  
 

Index Terms—Flashover, Insulation, Insulators, Lightning, 
Pole, Stress, Voltage. 
 

I.  INTRODUCTION 

     It has been proved that lightning, either induced lightning 
surge or direct lightning stroke, has much more severe impact 
on the power distribution systems than the power transmission 
systems. The critical flashover voltage (CFO), defined as the 
crest value of a standard impulse for which the insulation 
exhibits 50% probability of withstand, is always used to 
describe the lightning impulse strength of an insulation 
structure. Therefore, it is very important for a design engineer 
to know the CFO voltage of the available insulation structures 
when designing the distribution line structure. 
     The CFO voltages of wood distribution line pole and 
Added CFO voltage by wood pole have been investigated for 
many years. Laboratory results and theoretic analysis were 
presented in the previously published paper [ 1]. Recently, the 
fiberglass pole has been used in power distribution systems by 
some utilities. No study has been made on lightning impulse 
strengths of fiberglass pole as an insulation structure alone or 
its combination with insulators. Research on CFO voltages of 
fiberglass pole and Added CFO voltages by fiberglass to basic 
insulation components is significant since it can provide some 
basic information about the lightning impulse strength of the 
overhead distribution line structure with fiberglass pole.  
    In power distribution systems, if the insulation structure 
consists of fiberglass pole and insulators. The pole is 
considered to serve as an additional insulation component to 
the basic insulation. Fig. 1 shows the typical configuration of 
distribution line structure when the pole serves as a second 
insulation component. 
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Fig. 1.  Typical configuration of  distribution line pole structure, the pole 
serves as a second insulation component. 

II.  TESTING  EQUIPMENT  AND  PROCEDURE 

The lightning impulse used in the laboratory investigation 
was a 1.2/50 µs standard lightning impulse as described in 
IEEE Standard Techniques for High Voltage Testing, IEEE 
Standard # 4 - 1995. The magnitude and waveform of 
generated standard lightning impulse were measured and 
displayed on a Tektronix TDS 540 digital oscilloscope. The 
oscilloscope and other data output equipment was placed in a 
double-shielded copper screen room to eliminate the intensive 
electromagnetic interference caused by the flashover of the 
tested insulation structures. 
      The fiberglass pole assembly was mounted on a metal base 
equipped with casters, for ease of mobility. The appropriate 
insulator assemblies were attached to the top of the fiberglass 
poles depending upon the tested configuration. The evaluated 
insulation strength of fiberglass pole was from 1 foot to 8 feet. 
Two metallic bands, upper and bottom bands, were employed 
as electrodes and tightly wrapped around the pole. The 
lightning impulse was applied to the upper band. The bottom 
band was grounded. If the combined insulation structures were 
tested, the lightning impulse was applied to the insulator. To 
simulate wet condition, a water supply system and a set of 
adjustable nozzles surrounding the insulation structure were 
set up in the HV laboratory. The water conductivity range was 
from 180 Ω•m to 200 Ω•m, and the water was sprayed at an 
angle of 45o onto the insulation structure at a rate of 3 
mm/minute, as specified in IEEE Std # 4- 1995. 
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III.  CFO VOLTAGE OF FIBERGLASS POLE 

The CFO voltages of the fiberglass pole under positive and 
negative lightning impulses, and wet and dry conditions were 
evaluated. Based on the test results, the CFO voltages of the 
fiberglass poles have a linear relationship with the pole length. 
If the tested pole length was the same, the CFO voltage at 
negative polarity and dry conditions is the highest; the CFO 
voltage at positive polarity and wet conditions has the lowest 
value.   
     Fig. 2 presents the CFO voltages of the fiberglass and wood 
poles under wet conditions and positive polarity. It can be 
found the CFO voltage of the fiberglass pole is higher than the 
wood pole if the pole length, impulse polarity and test 
conditions were the same for both tests.  
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Fig. 2.  The CFO voltages of the fiberglass and wood poles under wet 
conditions and positive polarity. 

 
 
Under wet condition and positive lightning impulse, the 

CFO voltage strength of the fiberglass pole, the strength of 
CFO voltage per foot, decreased from 170 kV/ft, at 1 foot, to 
120 kV/ft at 8 feet. For the same condition and impulse 
polarity, the CFO voltage strength of the wood pole decreased   
from 150 kV/ft, at 1 foot, to 100 kV/ft, at 8 feet [ 3].  The CFO 
voltage strength of the fiberglass pole is approximately 20 
kV/ft higher than the wood pole. 

IV.  CFO VOLTAGES  OF  INSULATORS  PLUS  FIBERGLASS  POLE 

     The total CFO voltage of the insulator plus pole is lower 
than the sum of the CFO voltages of individual insulation 
components in the combined insulation structure. The CFO 
voltages of the insulation configurations consisting of two 
components, is defined as the CFO voltage of the basic 
components (insulators) plus the Added CFO voltage by the 
second component (pole or cross-arm).  

The 15 kV, 25 kV, and 35 kV polymer suspension 
insulators and porcelain pin insulators were used in the 
laboratory investigation. The CFO voltages of 35 kV polymer 
suspension insulators plus fiberglass pole, the CFO voltages of 
the fiberglass pole under dry and wet conditions, at positive 
lightning impulse are presented in Fig. 3.                                  
 The CFO voltages of polymer suspension insulator plus 

fiberglass pole exhibit a linear relationship with the evaluated 
pole length. If the tested pole length is the same, the CFO 
voltage of polymer suspension insulators plus fiberglass poles 
is the highest at negative lightning impulse and dry conditions; 
and it is the lowest at positive lightning impulse and wet 
conditions. 

 The CFO voltages of 15 kV, 25 kV and 35 kV porcelain 
pin insulators plus fiberglass pole were also evaluated and the 
similar conclusions can be drawn from the test results. The 
different discharge paths were observed in the tests and 
presented in Fig. 4 to Fig. 7. 
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Fig. 3.  The CFO voltages of 35 kV polymer suspension insulators plus the 
fiberglass pole and the CFO voltage of fiberglass pole, under dry and wet 
conditions, positive lightning impulse. 
 
 

 

 
 
 

Fig. 4.  The 35 kV polymer suspension insulator plus fiberglass pole, the 
tested pole length is 2 feet. The discharge took place in the air and on the 
surface of the pole. 
 
 

The flashover would occur on those paths where the 
insulation structure exhibits the weakest impulse strength. 
Therefore, different flashover paths are expected to occur in 
the tests if combined insulation structure was evaluated. When 
the pole length is 1 foot, the discharge happened in the air gap,  
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Fig. 5.  The 35 kV polymer suspension insulator plus fiberglass pole,  the 
tested pole length is 6 feet. The discharge didn’t develop on the surface of 
insulator, but appeared in the air and on both sides of the pole’s surfaces.  
 
 

 
 
 

Fig. 6.  The 35 kV porcelain pin insulator plus fiberglass pole, the tested pole 
length is 3 feet. The discharge developed on the surface of insulator and both 
sides of the pole’s surfaces. 
 
 

 
 
 

Fig. 7.  The 35 kV porcelain pin insulator plus fiberglass pole, the tested pole 
length is 8 feet. The discharge developed on the surface of insulator and the 
pole. 
 
 
 
which indicates that the lightning impulse strength of the 
suspension polymer  insulator  plus  fiberglass  pole  is higher  

than the air gap between the energized insulator and the 
grounded electrode. When the pole length was 2 feet or above, 
the discharge paths always initiated from energized insulator 
and terminated on the pole surface about 1 foot below the top 
of the pole though the air, then developed on the surface of the 
pole until the grounded electrode was reached. Some times the 
discharges appeared around the suspension insulator surfaces 
and the pole surfaces. Therefore, the lightning impulse strength 
of the air gap between the energized insulator and grounded 
electrode became higher than the surfaces of insulator and pole 
in this case. 
     When the distribution line pole structure of porcelain pin 
insulator and fiberglass pole was tested, the discharge paths 
are different from those of polymer suspension insulator. In 
this insulation structure, the discharges initiated from the 
energized insulator, and is developing around the surfaces of 
the insulator and the pole, because the surfaces of the insulator 
and pole have the lest lightning impulse strength. 
      When the discharge developed on the surface of the pole, it 
might take place on either side of the pole surface depending 
on which side of the pole surface exhibits less lightning 
impulse strength. The discharge can also be observed on both 
sides of the pole in case of breakdown of the pole. It is known 
that the lightning impulse strength of an insulation structure 
under wet condition is much less than under dry condition. 
Therefore, the discharge always appeared on the outside 
surface of pole in the wet tests. Different discharge paths 
determine that the CFO voltage of an insulation structure 
would not a constant value. 

  IV. ADDED CFO VOLTAGES BY FIBERGLASS POLE 

The Added CFO voltage by fiberglass pole is calculated by 
subtracting the CFO voltage of insulator from the total CFO 
voltage of insulator plus fiberglass pole [1, 2, 3]. The Added CFO 
voltage to 15 kV, 25 kV, and 35 kV polymer suspension 
insulators by the fiberglass pole is higher at dry condition than 
at wet condition. Fig. 8 presents the Added CFO voltages by 
the fiberglass pole to 15 kV, 25 V, and 35 kV polymer 
suspension insulators at dry condition and positive polarity. 
Fig. 9 shows the CFO voltages of fiberglass pole and Added 
CFO voltages to 35 kV porcelain pin insulator. Fig. 10 
presents the CFO voltages of fiberglass pole and Added CFO 
voltages to 35 kV polymer suspension insulators. Fig. 11 
illustrates the Added CFO voltages by the fiberglass and wood 
pole to 15 kV polymer suspension insulators at wet conditions 
and positive lightning impulse 

From the Fig. 11, it can be found that the Added CFO 
voltage by the fiberglass pole is much higher than the wood 
pole. This indicates that the lightning impulse strength of the 
distribution line structure with fiberglass pole can be greatly 
improved if fiberglass pole is used as a second insulation 
component.     
.  
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Fig. 8.  The Added CFO voltages to 15 kV, 25 kV, and 35 kV polymer 
suspension insulators, dry condition and positive impulse. 
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Fig. 9. The CFO voltages of fiberglass pole and the Added CFO voltages to 
35 kV porcelain pin insulator, wet condition and positive impulse.  
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Fig. 10.  The CFO voltages of fiberglass pole and the Added CFO voltages to 
35 kV polymer suspension insulator, wet condition and positive impulse.  
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Fig. 11.  The Added CFO voltages by fiberglass and wood poles to 15 kV 
polymer suspension insulators, wet condition and positive impulse. 
 

 
Fig. 12 presents the Added CFO voltage strengths by 

fiberglass pole to 35 kV polymer suspension insulators. Fig.13 
illustrates the Added CFO voltage strengths by fiberglass pole 
to 35 kV porcelain pin insulators. The Added CFO voltage 
strengths by the fiberglass and wood poles to 15 kV polymer 
suspension insulators at wet condition and positive impulse are 
presented in Fig.  14.  

The Added CFO voltage strength to polymer suspension 
insulator has a smaller value for shorter pole length  (1or 2 ft) 
than for longer length. The Added CFO voltage strength to 
porcelain pin insulator almost decreases with the increase of 
the pole length.   

The Added CFO voltage strengths by fiberglass pole are 
higher than those by wood pole under different test conditions 
and lightning impulse polarities. The higher Added CFO 
voltage strength also suggests that the fiberglass pole, if used 
as a second insulation component, can increase the lighting 
impulse strength of the distribution line structure to a higher 
level than the wood pole.      

V.  ACCELERATED  AGING  OF FIBERGLASS POLE 

The fiberglass pole is subjected to all kinds of aging stresses 
during its service cycle. The electrical, thermal and 
environmental stresses will degrade the insulation performance 
of fiberglass pole. The degraded insulation strength of 
insulation material is considered as one of the most important 
reasons to cause fault in electric power systems. Therefore, it 
is necessary to conduct a study on electrical degradation of 
fiberglass pole for preventing the fault caused by insulation 
failure from occurring in power distribution systems. The 
accelerated aging tests were conducted based on the specified 
standards [4, 5, 6], and the electrical evaluation tests were used to 
evaluate the insulation strengths of fiberglass pole before and 
after the accelerated aging tests were performed.  
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Fig. 12.  The Added CFO voltage strengths by fiberglass pole to 35 kV 
polymer suspension insulators. 
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Fig. 13.  The Added CFO voltage strengths by fiberglass pole to 35kV 
porcelain pin insulators. 
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Fig. 14.  The Added CFO voltage strengths by fiberglass and wood poles to 
15 kV polymer suspension insulators at wet condition and positive polarity. 
 

 

Five sets of samples, each consisting of nine samples, were 
selected to age in the accelerated aging tests. To investigate 
the effect of surface conditions on the electrical degradation of 
the materials, each set of the samples were divided into three 
groups in the same accelerated aging test. The three samples 
were kept intact; some scratches were made to the outside 
surfaces of other three samples; and five holes with 1 inch in 
diameter were made to each of the last three samples. Four 
different accelerated aging tests were conducted, each at 1000 
hours of aging. The samples were aged in clean fog, in salt 
fog, in clean fog with 25 kV/ft electrical stress, and aged in 
salt fog with 25 kV/ft electrical stress.   

The AC leakage current at dry condition, the AC dry and 
wet flashover voltages, and the CFO voltages at dry and wet 
conditions, positive polarity lightning impulse were measured 
for each sample before and after these accelerated aging tests. 

The electrical insulation strengths of fiberglass samples 
decreased after aging based on the results from the clean fog 
test and clean fog plus electrical stress tests, but the rate of 
degradation is very slow, especially for clean fog aging tests. It 
is found that the aging effect of salt fog plus 25 kV/ft electrical 
stress test on the insulation strengths of fiberglass material is 
very severe. The flashover occurred to all of the samples aged 
in the test of salt fog plus electrical stress in less than 10 hours. 
The tracking and arc trail were observed on both sides of the 
surfaces of these samples.    

The conducted accelerated aging tests suggest that the 
fiberglass pole could be used in power distribution systems to 
improve the lightning impulse strength of distribution line 
structure, but should be not used in the area where salt fog 
occurs very frequently. The tracking on the surfaces of the 
samples after salt fog plus electrical stress aging test are 
presented in Fig. 15 to Fig. 16. 

 

 
 
 

Fig. 15.  The tracking appeared on the inside surface after 6.5 hours aging in 
salt fog with 25 kV/ft electrical stress, recorded leakage current is about 
75~85 mA. 
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Fig. 16.  The tracking appeared on the inside surface after 4 hours aging in 
salt fog with 25 kV/ft electrical stress, recorded leakage current is about 
50~75 mA. 

 

VI.  CONCLUSION 

     The following conclusions on fiberglass distribution pole 
can be made based on the conducted tests.  

1. The Added CFO voltage by fiberglass pole is highest 
 at dry condition and negative polarity lightning 
impulse, and has the lowest value at wet condition 
and positive polarity lightning impulse. 

2.  The Added CFO voltage strength by the fiberglass 
pole is higher than the Added CFO voltage strength 
by the wood pole.   

3. The Added CFO voltages by fiberglass pole to 15kV, 
25kV, and 35kV porcelain pin insulators and 
polymer suspension insulators are almost the same.  

4. The salt fog plus 25kV/ft electrical stress aging test 
imposes the most severe effect on the insulation 
performance of the fiberglass distribution pole.   
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