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ABSTRACT- The life extension and upgrade of medium voltage circuit breakers is becoming an increasingly important issue in today’s modern industrial facilities from both a reliability and safety standpoint. The aim of this paper is to establish a reference system of the reliability models which may also be applied for different utilities. Due to the large amount of electrical equipments and the costs of an individual diagnosis in distribution networks, a life assessment of the representative electrical components is necessary. Several models are used to estimate the life time of each component but introduced model can estimate the life time for every component in general. The data of historical failure events from distribution networks is collected and evaluated in a special failure statistic and ageing phenomenology is taken into account. For such a purpose, the relationship between lifetime, electrical stress, mechanical stress and temperature as well as their effects on ageing processes and on reliabilities of electrical components are studied.  
Keywords- Actual Condition, Ageing, Failure Statistic, Lifetime, Electrical Component, Circuit Breaker, Sf6.
1. INTRODUCTION  

Power utilities constantly try to cut costs, particularly those resulting from equipment failure. Circuit breakers are used to divide the power system into a number of dispersed load points, in order to deal with the limitations of the system and the energy demand of the customer. Many investigations have shown that aging of materials in electrical components is often found to contribute to the internal failure due to the degradation stresses. Model used for estimation life time in this paper is based on stress tests (electrical, mechanical, and thermal). Effect of temperature on the circuit breaker is observed keeping electrical and mechanical stress constant, After that considering surrounding temperature as 400C the electrical stress is changed and the result of life is calculated with fixed mechanical stress. And at the last changing mechanical stress the life is calculated. MATLAB Programming is used to calculate results. 
2. INTRODUCTION TO SF6 CIRCUIT BREAKER [INTERRUPTING UNIT OF SF6 CIRCUIT BREAKER]
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A circuit breaker is an apparatus in electrical a system that has the capability to, in the shortest possible time, switch from being an ideal conductor to an ideal insulator and vice versa. The most important task of a circuit breaker is to interrupt fault currents and thus protect electric and electronic equipment.
The interrupting unit of sf6 circuit breaker is filled with pressurized sf6 gas is placed at the top of the pole and contain stationary contact, Nozzle, Moving contact, Puffer cylinder and Fixed Piston. During opening operation the moving contact along with the puffer cylinder is pulled down. The Fixed and Moving contacts get separated and arc is formed between fixed arcing contact and moving arcing contact. Motion of the puffer cylinder compresses sf6 gas against the fixed Piston thus generating a powerful sf6 gas blast through the nozzle over the arc. After travelling through some distance, the dielectric strength of the gap is raised sufficiently to extinguish the arc.
3. BACKGROUND AND NEED OF ESTIMATION OF LIFE OF COMPONENT

As electrical components age, their failure rates increase exponentially.

 The increase in age also increases the number of inspections and maintenance costs. 

Early possible failure detection would reduce outages (Improving efficiency of equipment utilization).
3.1 Arrhenius Electro-Thermo-Mechanical Life Model
Model used for estimation life time is based on stress tests (electrical, mechanical, thermal) .

According to IEC, ageing can be defined as "Irreversible deleterious change to the serviceability of insulation systems.”

Four types of parameters have been defined as ageing factors by IEC; temperature, electrical stress, mechanical stress, and environmental factors. 
3.2 Arrhenius Life Model
L = L0[E/E0]-(n-b*T). [M/M0]-m.exp(-B*T)---(1)
Where

T= (1/T0)-(1/ T1) 

L is life time,

B = AE /k, AE is the activation energy of the degradation process, k is the Boltzmann constant,T0 and T1 are the reference and absolute temperature.
 L0 is the life time at temperature T0.

 E0 is the value of electrical stress below which electrical ageing can be neglected M0 is the value of mechanical stress below which mechanical ageing can be neglected. 
b :correct coefficient taking into account  the reaction of materials due to combined stress application,
B: activation energy of thermal degradation

Reaction, E: electrical stress
 Parameters of  Eq. (1)
	B (k)
	b(k)
	M
	n

	17000
	6000
	2.3
	7

	M0 (N/mm2)
	E0(kv/mm)
	T0(0K)
	L0(year)

	10-4 *2.4
	5
	298
	4.5*104 year


4. TABLE -1 CALCULATED LIFE WITH E=7 & M=7.2
	TEMPERATURE (0C)
	CALCULATED LIFE(YEAR) 

	
	

	40  0C 
	30.6

	41  0C 
	26.3

	42  0C 
	22.6

	43  0C 
	19.4

	44  0C 
	16.7

	45  0C 
	14.4

	46  0C 
	12.4

	47  0C 
	10.7

	48  0C 
	9.3

	49  0C 
	8.04

	50  0C 
	6.9


4.1 Graph1- Effect of Temperature on life 
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5. TABLE 2 - CALCULATED LIFE WITH M=7.2 & T=400C
	ELECTRICAL

STRESS(KV/MM)  
	ESTIMATED LIFE(YEAR) 

	
	 

	7.1
	28.1

	7.2
	25.8

	7.3
	23.8

	7.4
	21.9

	7.5
	20.2

	7.6
	18.6

	7.7
	17.2

	7.8
	15.9

	7.9
	14.7


5.1 Graph 2- Effect of electrical stress on life 
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6. TABLE 3 - CALCULATED LIFE WITH E=7 & T=400C
	MECHANICAL STRESS(N/MM2) 
	LIFE(YEAR) 

	7.3
	29.7

	7.4
	28.8

	7.5
	27.9

	7.6
	27

	7.7
	26.2

	7.8
	25.5

	7.9
	24.7

	8
	24

	8.1
	23.3


6.1 Graph 3- Effect of Mechanical stress on life 
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7. CONCLUSION 

In our electro-thermal mechanical model the temperature taken from statistical history for Circuit breaker is 40oC which gives 30 years as an expected life time. If this temperature is increased the life of circuit breaker will get reduced .From the result it is observed that as temperature of circuit breaker increases the rate of decrease of life also decreases.
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