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The study and health analysis of low voltage circuit breaker and transformer

in 22,000 volts substations
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Abstract

This research presents the study and health analysis of low voltage circuit breaker and transformer in 22,000
volts substations. The objective of this research was to study the current conditions for system management of electricity
supplies production in factory. The equipment failure occurred previously resulting to the process failure. The study

was consisted of 6 substations and the data was collected from procedure of research methodology by using data record
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of physical conditions and specific test results. The calculations of the health index of transformer 12 units indicated

that the health index of transformers was very good for 4 units, good for 4 units, fair for 2 units and poor for 2 units,

which should be plan for urgent maintenance to protect the occurring failure. The results of health index for circuit

breaker in total 12 sets were very good for 6 units, good for 4 units, and poor for 2 units. The results of health index

of transformer and low voltage circuit breaker could be used to analyze the condition of equipment's set-up

maintenance plan to extend the shelf-life of equipment and to continuous the efficiency of power distribution system.

Keywords: health index, substation, transformer, circuit breaker
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Table 1 The degradation factor of circuit breaker.

rate criteria
no. factor
(max./average/min.) weight
1 age average 5
2 peak load maximum 9
3 customer demand minimum 3
4 insulation resistance maximum 9
5 contact resistance maximum 9
6 no. of operating maximum 7
7 maintenance histories average 5
8 visual inspection minimum 3
9 circuit breaker position average 5
10 environmental minimum 3
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Table 2 The degradation factor of transformer.

rate criteria
no. factor
(max./average/min.) weight
1 age minimum 3
2 peak load maximum 9
3 customer demand maximum 7
4 insulation resistance maximum 9
5 oil insulation maximum 9
6 oil operating temperature maximum 7
7 maintenance histories average 5
8 temperature sensor average 5

detector

NNTANUALNUTINULN (criteria weight)
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Incoming Feeder From PEA 22000 Vol

Drop out Fuse
Substation 1 Substation 2
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Figure 1 Single line diagram of 22,000 volt substations.

Table 3 The transformer information in substation.

code (TR) capacity (kVA) year (A.D.) age (year) peak load (%) operating load (%)
TRA1 2,500/Sub 1 1991 27 70 62
TR 2 2,500/Sub 1 1991 27 88 75
TR 3 1,500/Sub 2 1996 22 83 74
TR 4 1,500/Sub 2 1996 22 90 85
TR 5 1,500/Sub 3 1999 19 88 80
TR 6 1,500/Sub 3 1999 19 92 84
TR7 2,500/Sub 3 2001 17 85 73
TR 8 2,500/Sub 2 2010 8 70 68
TR9 2,000/Sub 3 2000 18 88 75
TR 10 2,000/Sub 3 2000 18 82 72
TR 11 2,000/Sub 3 2005 13 80 73
TR 12 2,000/Sub 3 2010 8 68 60
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Table 4 The low voltage circuit breaker information in substation.

code (ACB) capacity (A/set point) year (A.D.) age (year) peak load (%) operating load (%)
ACB 1 4,000/3,600 2003 15 70 62
ACB 2 4,000/3,600 2003 15 88 75
ACB 3 2,500/2,125 2003 15 83 74
ACB 4 2,500/2,125 2003 15 90 85
ACB 5 2,500/2,125 1999 19 88 80
ACB 6 2,500/2,125 1999 19 92 84
ACB 7 4,000/3,600 2001 17 85 73
ACB 8 4,000/3,600 2010 8 70 68
ACB 9 3,000/2,500 2000 18 88 75
ACB 10 3,000/2,500 2000 18 82 72
ACB 11 3,000/2,500 2005 13 80 73
ACB 12 3,000/2,500 2010 8 68 60

nisatasneidayailadafiinasianis  Table 6 The information type of degradation

= o
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= a [ % AL :
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1 age data v v
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H : ; 3 customer demand data v v
Table 5 The information type of degradation factor
4 insulation resistance test report v 4
for transformer. 5 contact resistance test report v v
transformer type 6 no. of operating data v 4
order factor informaton —MW————— . . v v
dry type  oil type 7 maintenance histories data
1 age data v v 8 circuit breaker position test report v 4
2 peak load data v v 9 visual inspection data v 4
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6 oil operating temperature data v v o Y Ao \ a
) o v v AMNLTA[2A9 10 AN H NAFANITEANAN TN
7 maintenance histories data
temperature sensor test report Y Y sswdaulawussmesimusninafusiazsia anilade
detector :// VLBJ o o 1 & FLSJ o
9 visual inspection data v v NUNA A UNAUBFAIDE NLNEUTINT AT LUNIR1UI1

10 environmenal ata Y7 21ladk #4 (Table 7-8) (Dongale, 2008)



2.um34. 10(1) - 1-10 (2565)

Table 7 The criteria rate factor of age for transformer

and low voltage circuit breaker.

condition rating description

4 age < 5 years

3 5years <age <10 years
2 10 years < age < 20 years
1 20 years < age < 30 years
0 age < 30 years

Table 8 The criteria rate factor of insulation for

transformer.
condition rating description
4 >1 giga-ohm
0 < 1 giga-ohm
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Table 9 Relative weight value for W, value of

transformer.
criteria relative condition scored
order factor
weight weight range
1 age 3 5.00% 4,3,2,1,0
2 peak load 9 15.00% 4,3,2,1,0
3 customer demand 7 16.67% 4,3,2,1,0
4 insulation resistance 9 15.00% 4,0
5 oil insulation 9 15.00% 4,0
6 oil operating 7 16.67% 4,3,2,1,0
temperature
7 maintenance histories 8.33% 4,3,2,1,0
8 temperature sensor 5 8.33% 4,3,2,1,0
detector
9 visual inspection 3 5.00% 4,3,2,1,0
10 environmental 3 5.00% 4,3,2,1,0
total 60 100%

Table 10 Relative weight value for W, value of

low voltage circuit breaker.

criteria relative condition
order factor

weight weight  scored range
1 age 5 8.62% 4,3,2,1,0
2 peak load 9 15.52% 4,3,2,1,0
3 customer demand 3 517% 4,3,2,1,0
4 insulation resistance 9 15.52% 4,0
5 contact resistance 9 15.52% 4,0
6 no. of operating 7 12.07% 4,3,2,1,0
7 maintenance histories 5 8.62% 4,3,2,1,0
8 temperature sensor detector 3 5.17% 4,3,2,1,0
9 visual inspection 5 8.62% 4,3,2,1,0
10 environmental 3 5.17% 4,3,2,1,0

total 58 100%

Table 11 Health index criteria.

health index (%) description maintenance plan

0-30 very poor change part

31-50 poor repair

51-70 fair normal maintenance and focus
71-85 good normal maintenance
85-100 very good normal maintenance

I Very good
| Good

W Fair

| Poor

Figure 2 Health index result of transformer.
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Figure 3 Health index result of low voltage circuit

breaker.
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