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Abstract 
In the implementation of Live Line Working (LLW), which involves two methods, the Hot stick 
and Barehand methods on High Voltage Transmission Lines (HVTL), Extra High Voltage 
Transmission Lines (EHVTL), High Voltage Substations (HVSS), and Extra High Voltage 
Substations (EHVSS), ensuring the readiness of personnel, equipment, and installations is crucial. 
A critical aspect of this readiness, particularly for the Barehand method, involves assessing the 
condition of insulators through a puncture test, which measures the voltage distribution across 
insulator discs. This test is conducted prior to LLW to ascertain the condition of the insulators, 
ensuring safe operations. Additionally, the puncture test evaluates the deterioration of the insulator’s 
performance. An insulator disc is considered deficient if its reading is 30% or more below the 
characteristic curve established by other insulators in the string. This evaluation identifies the number 
of deteriorated insulator discs. This paper presents an analysis using the CIGRE method to 
determine the minimum number of healthy insulators necessary for safely conducting Live Line 
Working (LLW) on the 150 kV Pelabuhan Ratu–Bayah line. Results indicate a minimum of 6 
out of 12 insulators are required under specific switching surge conditions, thus validating the 
standard practice at PLN.  
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I. INTRODUCTION 
 
The state electricity company in Indonesia, PLN (Perusahaan Listrik Negara), has two 
maintenance-type teams to maintain its assets: offline and online maintenance teams. Online 
maintenance teams or Live Line Working (LLW) teams owned by PLN perform maintenance 
work on transmission and distribution equipment, including substation and transmission 
lines.  
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Live working teams refer to the applicable procedures and work instructions in their 
implementation. Each member of the LLW team must have a certificate of competence to 
carry out work. 

Two basic methods for carrying out live working in PLN are the Hot stick and Barehand 
methods. The types of work carried out by LLW teams are diverse and vary in their 
implementation methods. One of the most common types of live working is replacing 
insulators on 150 kV transmission lines.  

During live working, PLN must ensure that personnel always follow the minimum safe 
distance for the anticipated transient overvoltage in the system. In addition to determining 
the minimum safe distance, PLN must also determine the minimum number of insulator discs 
for the anticipated transient overvoltage. The initial stage before live working is to measure 
the insulator string to determine the number of insulator discs that will be replaced in good 
and bad condition. 

Insulator measurement is carried out using the single disc voltage measurement method 
using energized insulator testers. The measurement results are used to determine whether the 
work can continue, referring to the minimum number of insulators that are still in good 
condition to prevent short circuit disturbances due to voltage penetration towards the ground 
through the insulator during live working. 

Previously, PLN used the limit value of the number of good insulators to perform live 
working was 50 % of the number of insulators on the string +1. For example, if the insulators 
on 1 string are 12, the minimum number of good insulators is 7.  

The evaluation will be done using data from PLN UPT Cilegon on the 150 kV 
transmission line from Pelabuhan Ratu to Bayah. In this transmission line, 1 string of 
insulators will be 12 pieces of cap-pin porcelain insulators with normal insulator types, with 
dimensions of 146 mm x 254 mm, made by NGK, Japan. 

International studies (CIGRE and IEEE) emphasize the criticality of identifying the 
minimum number of healthy insulators to mitigate risks during LLW. However, practical 
application and verification on 150 kV lines, particularly in tropical climates like Indonesia, 
remain limited. Thus, this study aims to validate and adapt international guidelines specifically 

for the Pelabuhan Ratu–Bayah transmission line. 
 

II. FIELD INSULATOR MEASUREMENT 
 
References m Measurements are made using a tester with two branches isolated from each 
other and separated by a spark gap. This tester can be used to check the voltage between 
insulator units in a series of insulators. One branch is connected to the insulator cap, and the 
other is connected to the pin. When the insulator is in good condition, noise will be emitted 
by the gap's breakdown. If the insulator is punctured, no voltage can cause the gap discharge. 
This technique is also influenced by environmental conditions, such as humidity and pollution 
on the insulator surface at the time of measurement. [1] 

Field measurements involved the use of a portable Chance C403-2299 energized insulator 
tester, examining voltage distribution across each insulator. Assumptions include typical coastal 
pollution levels with salt deposition and an isolator age averaging 10 years, which could 
influence dielectric strength. Readings taken on 12 pieces of insulators produce a voltage 
distribution curve when plotted against their positions in the circuit. In a circuit of all good 
insulators, the insulator at the live end will produce the highest reading. From there to the 
grounded end, the readings will decrease to the last insulator, usually higher than the ones next.  

Zero reading to identify every defective unit is not expected. Even if punctured, an 
insulator may not be shorted entirely, and some voltage will still pass through it. Consider any 
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insulator that produces a reading 30% or more below the characteristic curve shape established 
by the others in the circuit as defective. In the case of a single defective unit, the readings of 
the other insulators increase to compensate, shifting the curve to higher values. 

In the case of multiple faulty units, the best interpretation is to compare the readings with 
a reference curve previously developed from a circuit with all good insulators. [4] 

 

 
Fig. 1. Normal Voltage Distribution Curve Shape [4] 

 

 

 
Fig. 2. Several Pieces are Damaged on Voltage Distribution Curve Shape [4] 
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III. RESULTS OF INSULATOR TESTING IN THE FIELD 
 

LLW team works based on procedures and work instructions. Several work instructions 
owned by the LLW team are interrelated. For example, before carrying out the replacement 
of the insulator, LLW team must measure the insulator to determine whether the insulator is 
in good or bad condition. The work can continue if the number of insulators in good 
condition meets the standard minimum number. 

In this case, the LLW team will carry out replacement of an insulator on 150 kV 
transmission line from Pelabuhan Ratu to Bayah. Of course, an assessment of the insulator 
must be carried out before personnel enter the energized side. Field measurements were 
conducted at Tower No.100 – Double Tension Insulator String on 150 kV Pelabuhan Ratu-
Bayah 2. 
 

 
 

Fig. 3. Measurement results of the insulator  on 150 kV 
Pelabuhan Ratu - Bayah 2 (Tower No. 100 Phase T inner 

side string to Tower No. 101) 

 
 

 
 

Fig. 4. Measurement results of the insulator  on 150 kV 
Pelabuhan Ratu - Bayah 2 (Tower No. 100 Phase T outer 

side string to  Tower No. 101) 

 
Fig. 3 shows that each insulator string has one damaged insulator, and Fig. 4 shows that each 
insulator string has two damaged insulators. The live working will be done on the Tower No. 
100 outer and inner sides string. The calculation process continues to determine whether to 
proceed with the work. 
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IV. CALCULATION OF THE MAXIMUM ALLOWED NUMBER OF 
DEFECT UNITS 
 
Determining the minimum number of good (healthy) insulator units that can be accepted in 
this paper using the CIGRE formula stated in equation (1) and then derived into equation 
(2).[5] 
 

𝑈𝑏  = 𝑈𝑜 (1 − 0,8 [
𝑁𝑏

𝑁𝑜
]  𝑘)   (1) 

 
Ub 50% disruptive discharge voltage of an insulator string 

with a number of defective units 
Uo 50% disruptive discharge voltage of the same insulator 

string with all the healthy units 
Nb Number of defective units in the string 

No Total number of units in the string 

k Empirical coefficient that characterizes the average 
dielectric strength of defective units. Assumed that the 
remaining insulation value for porcelain units is 25%; 
therefore, k = 0.75 [2] 

  

𝑁𝑏 =  (
𝑁𝑜

[0,8𝑘]
) (1 − 

𝑈𝑏

𝑈𝑜
)    (2) 

 
Where, 
 

𝑈𝑜 =  𝑈50 =  𝑈𝑤  (
1

[1−3𝜎]
)    (3) 

 
In this paper, Uw is the withstand voltage phase to ground and Uo is the maximum 

anticipated switching impulse stress for a “no hold order” work condition, and the required 
number of insulators installed No is for the working condition. This is conservative since the 
number installed is for all operating conditions and generally exceeds the requirement for the 
maximum switching impulse, especially for nominal voltages under 345 kV. For this example, 
the number installed becomes the base for working conditions unless the utility has data to 
show the actual Uo for the structure design used for that operating voltage. For line voltages 
of 345 kV (362 kV maximum) and below, the switching impulse (SI) is conservatively 3.0 p.u. 

On the other hand, Ub represents a condition on the line at the work site where Switching 
Impulse (SI) is reduced by blocking the circuit breaker's reclosing (“with-hold order”). If the 
circuit breaker reclosing equipment is prevented from functioning, should it trip for any 
reason while live work is in progress, there will be no re-energization transients. Therefore, 
the maximum possible overvoltage will be less than 2.0 p.u.[2] 

A 150 kV overhead transmission line, where the maximum voltage for equipment is 170 
kVp.-p and 98 kVp.-g. Crest factor is defined as the ratio of peak current to RMS current (or 
peak voltage to RMS voltage). For a pure sinusoidal waveform, the crest factor is 1.414, while 
for a pure constant DC load, the crest factor is 1.0.[8] Calculation of maximum anticipated 
switching impulse: 
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a) The standard maximum switching impulse (SI) value for voltages ≤ 362 kV is 3 p.u. with 
auto-reclosing not blocked 

Uo 3 p.u = 98(1,414)(1,176)(3) = 489,64 kV Crest 
 

b) The standard maximum switching impulse (SI) value for voltages ≤ 362 kV is not more 
than 2 p.u. with auto-reclosing blocked 

Ub = 98(1,414)(1,176)(2) = 326,43  kV Crest 
 
Calculation of the number of defective units (Nb) in a string using (2) : 

Nb =  (
No

[0,8k]
) (1 −  

Ub

Uo

) 

 
There are 12 insulator units installed in a string on this 150 kV transmission line so : 

Nb =  (
12

[0,8(0,75)]
) (1 − 

326,43

489,64
) 

Nb =  (20) (0,333) =  6,66 units 
The minimum number of good insulators Ng in a string can be calculated by subtracting Nb 
from N0, as shown in 
 

𝑁𝑔 = 𝑁𝑜 − 𝑁𝑏     (4) 

 
Calculation of the number of healthy units (Ng) in a string: 

Ng = No − Nb 

Ng = 12 − 6,66 

= 5,34 

= 6 units 
 

From this calculation, the minimum number of healthy units of an insulator in 150 kV 
Pelabuhan Ratu – Bayah with one string (12 pcs) is six.  
 

V. CONCLUSION 
 
The method of measuring insulators in the field and determining the number of damaged 
insulators has been explained. The minimum number of healthy insulator units for live 
working using the CIGRE formula has been calculated, and it can be obtained for work on 
the 150 kV Pelabuhan Ratu-Bayah or other 150 kV transmission network with 12 units of 
insulators in one string by considering six healthy units from a total of 12 units in one series. 

From the field measurement conditions, it was found that the damaged insulators were 
still below the minimum value of the calculation results, so the work could still be done with 
live working. 

The minimum number of good conditions between the calculation results and the good 
condition criteria at the beginning of live working carried out at PLN differs. The value of +1 
good insulators in the initial criteria can be considered using static shunts when removing and 
installing the whole insulator string at once. 

This analysis practically validates the CIGRE methodology for LLW safety on Indonesia’s 
150 kV Pelabuhan Ratu–Bayah line. However, further empirical flashover tests are 
recommended for future research to enhance accuracy and robustness under varying climatic 
conditions. 
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