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Abstract 
Local heating that occurs in substation equipment is caused by the current flowing in the conductor due to resistance. 

The parts that often experience heating are the terminals and connections at the substation, especially between two 

different metals, as well as the conductor cross-section which decreases due to corrosion. So that part must be 

considered. As for how to control or check the temperature is done by using thermovision. The heat temperature of the 

Circuit Breaker (CB) equipment at the Bay line PGELI-GIUGUR1 at Paya GeIi Substation is still in normal conditions 

where the temperature ranges from 20oC-43oC. But one phase need attention if temperature more than 70oC, it is needed 

for improvement plans. The temperature difference between the phases of the CB equipment at Bay Iine P. GELI-

GLUGUR 1 at Paya Geli Substation has reached condition 5 (five), so it needs serious attention and a repair plan, to 

avoid short circuits between phases (R, S, T). 
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Introduction  
PT PLN is one of the most important electricity companies in Indonesia, both by entrepreneurs and the general public. 

Along with the development of the digital era in the latest views printed on electrical equipment, PT. PLN is already using 

digital equipment at substations (GI). This digital equipment is used to predict various conditions that occur in electrical 

equipment, including the temperature at the Circuit Breaker (Hasibuan et al., 2019). 

In operation, when the substation equipment conducts electric current, there will be hot temperatures after the current 

flows in the conductor caused by resistance at the substation itself. Close or side by side cause frequent friction so that it 

will be prone to heat. The parts that often face heating are the clamps and conductors at the substation, because they are 2 

(two) different metals, and the conductor cross-section which decreases due to corrosion (Kesim et al., 2018). As a result, 

the part that needs to be considered is how to control it (Saragih et al., 2020). The digital equipment used to control the 

heat value is thermovision. In this case the control of the heat value is very important to investigate, because if it is not 

controlled a short circuit will occur (Van Lanen et al., 2005). In this study to identify the atmosphere of the heat value in 

the Bay Glugur 1 equipment using thermovision with the analysis method of the results of the assessment of the phase 

temperature difference (∆) based on the MTS-1997 NETA Standard.  Measurements were carried out on the conductor 

section and the clamp section in the bay Iine (Blevins & Power, 2008). 

Several researchers have conducted research on CB using thermovision (Daszczyński et al., 2020) to analysis thermal 

condition (Rivas & Abrao, 2020). So the objective of this paper is an analysis of CB MTU condition equipment using 

thermovision on the Pgeli-Glugur 1 bay line at PT. PLN Paya Geli substation. With the help of a thermovision device, the 

temperature on the intended conductor and clamp will be read. From the results of the readings, the value of the 

temperature difference will be analyzed to see the condition of the equipment based on the 1977 NETA MTS standard. 
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 Literature Review 
The substation is a sub-system of the electrical energy distribution (transmission) system or is an integral part of the 

distribution system. The transmission line is a sub-system of electrical energy (Qassim et al., 2021). Substations have electric 

power installation facilities consisting of electric power equipment that functions to: transform electric power at different 

points of gravity, measurement, control of operations and safety of the electrical energy system, arrangement of heavy 

services to substations (switchyard) others, and telecommunications equipment (Meerovich & Sokolovsky, 2015). 

Circuit Breaker according to IEEE C37. 100: 1992 (Standard definitions for power switchgear) is a mechanical switch, 

which is capable of closing, carrying and breaking heavy currents under normal conditions according to its rating as well 

as being able to close, carry (within a certain length of time) and stop heavy currents under special abnormal conditions 

or obstacles according to the rating (Uchii et al., 2004). The power circuit breaker at a substation is an automatic device 

that is able to stop closing layers in all conditions, namely a condition of obstacles or natural conditions, or can also act as 

a tool needed to regulate the electrical energy network by opening a circuit by closing the circuit (acts like a switch) (Zhou 

et al., 2019). by carrying weight with manual or automatic novel control methods, conversely when in an obstacle situation 

or an unnatural situation the CB can open with the pressure of a recognizing relay, as a result the obstacles can be separated 

(Hasibuan et al., 2018). 

In every electrical equipment, most of it has electrical conductivity properties or is able to conduct electricity because 

it is made of metal. If the equipment is electrified, then the equipment will certainly produce heat. Hot temperatures that 

exceed the tolerance limit when the tool is operating are a nuisance or abnormality for the tool. This can cause other damage 

if not handled immediately (Paul & Costea, 2017). To prevent this, one of them is to carry out periodic checks and 

maintenance, namely by observing the temperature of the components using a Thermal Camera (Zarco-Periñán et al., 

2021). 

Thermovision is an observation by visual means or by using an infrared device using a thermal imager/thermal 

camera which is then captured and displayed on a screen (Hotel et al., 2013). Thermovision is used to monitor the 

temperature of connectors and equipment in the switchyard as an initial justification for detecting hot point anomalies 

(Wijaya et al., 2022), (Hrabč\’\ik et al., 2014). 

Hot points that occur at joints cause significant temperature differences and are caused by several factors such as not 

tight bolts, material quality, material life time, dirty clamps. These hot points occur at every connection between clamps 

and conductors or between 2 (two) different materials, usually the type of conductor used by PT. PLN is made from AAAC 

(All Aluminum Alloy Conductor) (Jakubiak & Matrusz, 1989) while the clamps are made from Aluminum with the causes 

described above. These hotspot measurements are carried out in a 2-week period but are often also carried out by 

substation operators at every peak load. Hot spot measurement is also most effective at high loads (Siegel & Anheuser, 

2014). PT. PLN differs for each region, if in industrial areas the highest load is during the day when the factories are 

working and need electricity for their operations, but if in densely populated areas the highest load is usually at night 

(Weedy & Parker, 1965).  

Materials & Methods 
The Thermovision tool check is used to look at the connection points in the installation, namely conductors and clamps. 

Which Thermovision tool will read temperature measurements with Thermography with the help of infrared light and a 

thermal imager tool that is displayed on a display that always gives reading values from measured points. Thermovision 

tool as shown in Figure 1. 
 

 
 

Figure 1. The Thermovision tool type of FIIR E64501 and series 5306A 
 

The application of thermovision measurements is carried out at the MTU equipment point on the Paya GeIi-Giugur 1 
CB conductor, sourced from the Single Line Diagram (SID) of the Paya GeIi substation as seen in Figure 2. In accordance 
to the maintenance guidelines in the Decree of the Board of Directors for Maintenance with PIN No 0520-2. K/DIR/2014, 
then the thermovision measuring points on the MTU CB conductor bay equipment are shown in Figure 3. 
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Based on IEV (International EIectrotechnicaI Vocabulary) 441-14-20 it is said that a Circuit Breaker (CB) or Energy 
Breaker is a mechanical switch or switching device, which is capable of closing, flowing and stopping heavy currents in a 
natural state and is able to close, drain (in a long duration) and stop heavy currents in an abnormal situation or an obstacle 
similar to a short circuit. In contrast the meaning of PMT originates in IEEE C37. 100: 1992 (Standard definitions for power 
switchgear) is mechanical switching or switching equipment, which is capable of closing, carrying and stopping heavy 
currents in a natural state according to its rating and is capable of closing, flowing (in long duration spans) and stopping 
heavy currents in special conditions unreasonable or obstacles in accordance with the rating. This can be seen in Figure 4. 

 

 
Figure 2. One-line diagram of the Paya Geli Glugur-1 Substation 

 

 
Figure 3. One Bay Conductor 
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Figure 4.  Clamps and Conductors 

Table 1. 1977 NETA-MTS Standard  

Category Measurement (Δt) Condition 

1 < 10ºC Normal condition, measurement (once a month) 
2 10ºC -25ºC It is necessary to measure one more month 
3 25ºC -40ºC Need to plan repairs 
4 40ºC -70ºC Need to be repaired immediately 
5 >70ºC Emergency conditions must be corrected 

 
The equation used to determine the temperature difference between the clamp and the conductor (∆T) is by using 

equation (1). 

∆𝑇 =  (
𝐼𝑚𝑎𝑥

𝐼𝑇ℎ𝑒𝑟
)

2
(𝑇𝐶𝑙𝑎𝑚 − 𝑇𝐶𝑜𝑛𝑑)  (1) 

Where 
∆T  = temperature difference between clamp and conductor 
Imax  = maximum current 
ITher  = Current at thermovision 
TClam= Clamp temperature 
TCond = Conductor temperature 
 
Equation 2 is used to calculate the emissivity value (e). 
𝑃 = 𝑒. 𝜎. 𝑇4    

𝑒 =
𝑃

𝑒.𝜎.𝑇4
                    (2) 

Where: 
P  = energy thermal conductivity (Aluminum = 23 W/m.K) 
e  = emissivity (=1) 

σ  = Stefan Boltzman constant = 5.672  10-8 Watt m-2K-4 
T  = Absolute Temperature (K) 
 
To determine the value of the precision test is done by calculating the standard deviation (SD) and the coefficient of 

variation (cv) using equations 3 and 4. 

𝑆𝐷 = √∑
(𝑥−𝑎)2

𝑛−1
                                   (3) 

Where: 
n  = amount 
a  = average emissivity value 
x  = total emissivity value 

𝑐𝑣 = (
𝑆𝐷

𝛼
) 𝑥 100%                         (4) 

 
To determine the accuracy test can be done using equation 5. 

% 𝑅𝑒𝑐𝑜𝑣𝑒𝑟𝑦 𝑣𝑎𝑙𝑢𝑒 =  (
𝑎−𝑥𝑟𝑒𝑎𝑙

𝑥𝑟𝑒𝑎𝑙
)  (5) 

Where 
xreal  = actual value 

Results and Discussion 
The measurement results used the thermovisi brand FIIR E06 on the Bay line PGELI-GIUGUR1 Paya GeIi Substation on 
October 1 2021 at 20.00 WIB (peak load). From Table 2, CB 9.2 Downward Pole towards CT phase R, S, T The highest 
current that has ever been obtained by a thermovision equipment brand FIIR E06 is 226 A, the current when shooting is 

174 A, while the highest clamp temperature when shooting is 87.1℃ in phase R the lowest temperature is 32.2℃ in phase 

S, and the highest conductor temperature when shooting is 29.7℃ in phase R while the lowest temperature is 28.0℃ is 
read in phase T. 
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Table 2. Results of the Glugur Paya GELI 1 

Object Phase 

Highest Current 
ever achieved 

Current 
during 

Shooting 

Clamp 
temperature 

during Shooting 

Conductor temperature 
during Shooting 

𝐼𝑚2  (A) I𝑠2 (A) 𝑇𝑘𝑙𝑠 ( ℃ ) 𝑇𝑘𝑙𝑠( ℃ ) 

A B  C 

 
 

1 

CB/9.2 
Downward Pole 
CT 

R 226 174 87,1 29,7 

S 226 174 32,2 29,6 
T 226 174 33,9 28,0 

 
 
From Figure 5 it proves the phases R, S, T shooting of clamp material taken through a thermoving device at peak load. 

From the results of the thermovision reading, it was found that the highest temperature reached 87.1℃ occurred in Phase 

R. While the lowest temperature was 31.2℃ and it was read in Phase S. For Phase T, the temperature that was read through 

thermovision was 33.9℃. So, the comparison of temperature readings between the R phase and the S or T phase is very 
large, respectively 55.9oC and 53.2oC. 

Meanwhile, from Figure 6 when shooting the conductor at peak load with FIIR E06 equipment, it shows different 
temperature values. From the results of temperature shooting on the R, S and T phase conductors, it is shown that the 

highest temperature is 29.7℃ in the R phase and the lowest temperature is 28.0℃ in the T phase while in the S phase it 

reaches 29.6℃. Hence, the difference in temperature readings on the conductors of each phase is very little, more or less 
1.7oC. 

 
 

       
(a)                                             (b)                                             (c) 

Figure 5. R, S, T phase clamps 
(a). Lower pole clamp CT direction Phase R 

(b). S-phase CT clamp the lower pole 
(c). Lower pole clamp CT direction Phase T 

 

                
(a)                                           (b)                                                      (c) 

Figure 6. Thermovision of R, S, T phase conductors 
(a). Down pole conductor CT direction Phase R 

(b). S-phase CT down pole conductor 
(c). Conductor down pole CT direction Phase T 

 
To see the temperature difference between the clamp and the conductor, it is shown in table 3. The difference 

calculation is carried out using equation 1. The calculation results show that the temperature difference in Phase R 
produces the highest difference, namely 96.83oC and the lowest in Phase S, which is 2.69oC. The object being examined is 
CB/9.2 Downward Pole in the CT direction. 

To see the value of the emitted emissivity can be seen in table 4. The calculation is done using equation 2. From the 
calculation results the highest emissivity value is in Phase T which is equal to 0.4694. The average value of emissivity is 
0.402. Based on the calculation results of the emissivity values that have been summed up, it has a temperature range that 
is in accordance with the Standard Reference Material (SRM), which is below the emissivity value of aluminum 0.5.  

To determine the value of the precision test can be done using equations 3 and 4. And the calculation results are shown 
in table 5. The standard deviation results obtained are 0.0754558. For that shows the percentage of calculation errors is 
7.6%. While the results of the calculation of the coefficient variation of 1.5, it means that the accuracy of the reading is still 
considered good. 
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 Table 3. Results of Calculation of Thermovision of GIugur Paya GeIi 1 Delivery Bay 

Object Phase 
Temperature difference between clamps and conductors 

∆𝑇 

( ℃) 

1 CB/9.2 Downward 
Pole CT 

R 96,83℃ 
S 2,69℃ 

T 9,95℃ 

 

 
Table 4. Calculation Results of Emissivity Values 

No Objects Phase Clamp temperature during 
Filming 

Emissivity Value 

1 CB/9.2 Downward Pole CT R 87,1 0,2483 
2 S 31,2 0,4883 
3 T 33.9 0,4694 

Average 0,402 

 
Table 5. Precision Test Calculation Results 

No  Name Phase x α (x -  α) (x - α )2 

 
1 

CB/9.2 Downward Pole CT R 0,2483 0,402 -0,1533 -0,02350089 
S 0,4883 0,402 0,0867 0,00751689 
T 0,4694 0,402 0,0678 0,00459684 

∑ ( x  -  α )2 -0,01138716 

SD = √
∑( x  −  α )2

𝑛−1
 0,0754558 

CV = ( 
𝑆𝐷

 α
 ) x 100% 1,5 

 
In order to validate the calculation in addition to the precision test, it is also necessary to carry out an accuracy test. 

Equations 4 and 5 are used in the calculation of precision tests and accuracy tests. From the results of the precision and 
accuracy test calculations are shown in table 6. The accuracy test value reaches 80.4%, meaning that the results of 
calculating the temperature difference between the clamp and the conductor are quite accurate. And from the precision 
test of 1.5%, it shows that the temperature difference is quite correct. So, the results of all calculations are quite valid. 

Referring to the PIN Maintenance standard No 0520-2.K/DIR/2014 in table 1 and the measurement results and 
thermovision calculations in Paya Geli-Glugur 1 bay which are listed in table 7, we can make a recommendation for each 
measuring point condition. In accordance with legal standards, as a result, for equipment listed in condition 1, 
recommendations for further action will be submitted, in the form of trying a 1-week orderly test of the same type, usually 
because the material condition does not affect activity, as well as equipment that is in condition 2, see during maintenance, 
there is also equipment that enters into a situation 5 In a situation where the recommendation for further action is a 
dangerous situation for this situation, it is necessary to submit a quick agenda so that recommendations can be tried by 
the maintenance group (HAR), so that the abnormal condition does not get worse and as a result the reliability of electric 
power distribution can be well maintained. 

 
Table 6. Tables of accuracy and Precision of the Paya Geli-Giugur 1 delivery bay 

No Name Accuracy (%) Precision (%) 

1 The Paya GeIi-GIugur 1 delivery bay 80,4 1,5 

 
Table 7. Recommendations for follow-up of thermovision measurement results 

No Object 

Temperature difference between 
clamps and conductors  

( T) 

Condition Follow-up recommendations 

 
1 

CB/9.2 
Downward 
Pole CT 

R 96,83℃ 5 Emergency Conditions 

S 2,69℃ 1 Good condition 

T 9,95℃ 2 Check during Maintenance 

Conclusions  
From the results of the analysis in the previous section it was found that with a high temperature difference between the 
clamp and the conductor which exceeds 70oC from the NETA MTS 1977 standard, serious attention is needed. It is because 
to avoid the possibility of a short circuit. 
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