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SUMMARY 

 
The paper describes advanced technique for the switchgear condition monitoring and power system asset 

management. 

Nowadays the condition based maintenance is becoming the main principle for achieving continuous, fault-

free operation of the apparatus in power station. The usage of the Internet, fast data streaming and possibility of 

advanced data processing have introduced the new dimension into the intelligent maintenance. As monitoring 

systems, which are the basis of the condition based maintenance, collect large amount of data it is opportune to use 

all available data in order to assist in making important decisions.  

In the paper the simple example is given, which shows how measurement of the coil current and the main 

circuit current can give us insight into the inner state of the circuit breaker. By combining information about health 

condition of the equipment with the data about usage and load of the apparatus, the system is raised to the higher 

level. By adding advanced features for scheduling maintenance activities and tracing the flow of financial resources, 

advanced asset management system is obtained. Such system helps in the detection and prevention of the 

catastrophic failures, prepares the schedule of the maintenance activities and resources, reduces the time when the 

switchgear is out of order, decreases the costs and assists in the end of the life prediction of the switchgear 

equipment.  
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1. INTRODUCTION 

 
Although relatively inexpensive, switching apparatuses by its structure are rather complicated. The proper 

operation of the switching apparatus is essential for the regular energy supply. Today the main goal of high-voltage 

power equipment management is to make it more efficient at a lower cost. Traditional offline methods of 

monitoring bay activity require considerable financial resources (i.e. experts to perform measurement and scheduled 

outages) and also there is dependence on weather conditions. Online bay monitoring technique has become the 

driver for remarkable improvements in both reliability and cost efficiency. However, high costs of the monitoring 

system in comparison with the cost of the switching apparatus itself are the reason why switchgear monitoring 

systems are not as widespread as, e.g. transformer monitoring systems. Therefore, to achieve the popularisation of 
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the switchgear monitoring system, additional value has to be added. The large amount of data that are being 

collected from the sensors which are installed on the switchgear apparatuses has to be processed, and presented to 

the clients in the most usable form. Such computerized system has to be included into decision making regarding 

the maintenance and investment plans. 

 

2. SWITCHGEAR MONITORING VALUES 

 
During the operation, switchgear is exposed to various stresses: electrical (clearing fault currents, voltage 

surges and lightning voltages etc.), mechanical (opening/closing forces, electrodynamic forces during short-circuits, 

wind, etc.), thermal (ambient temperature, nominal current heating, short circuit currents, etc.) and chemical 

(products of the disintegration of the gas due to the arc, humidity, dust, etc.). 

Circuit breaker monitoring parameters can be divided into six groups according to the subassemblies they 

belong to [1-3]:  

1) Operating mechanism, 

2) Contact, 

3) Control circuit, 

4) Arc extinction and insulating medium, 

5) System, 

6) Environment. 

 

Detailed classification is given in Appendix A.  

Operating mechanism monitored values provide information on the current state of the mechanism and 

motor of the circuit breaker and his readiness for performing future operations [4]. 

Contact monitored values are a good indicator of circuit breaker wear which has to be remedied to prevent 

the catastrophic consequences. Arc integral is a good indicator of the breaking chamber remaining lifetime (more 

information about the arc integral is given in the section 3.2.).  

The control circuit failure is the second most common circuit breaker failure. Condition monitoring of the 

control circuit is relatively easy and cost effective to install, and gives the insight into the state of the circuit breaker 

operating mechanism which is shown in details in section 3.1. 

Regarding the sulphur hexafluoride gas (SF6), as a gas used for arc extinction and electrical insulation 

between contacts, there are three main problems: 

 If the leakage occurs, or if the properties of the SF6 have been changed the ability of current interruption 

could be affected, 

 According to the statistics, partial discharges are the main reason for GIS failures [3], [5], 

 Although SF6 gas has excellent dielectric properties, it has been proven that SF6 is the most potent 

greenhouse gas, with a global warming potential of 22,800 times that of CO2 when compared over a 

100-year period [6]. 

 

According to the statements above, it could be seen how important it is to continuously monitor SF6. The 

European Regulation 517/2014 defines the strict rules for the usage of SF6. Thus, it should be regulated by the 

directive that SF6 monitoring systems have to be implemented. 

The system data show the current state of the circuit breaker. The number of the circuit breaker operations 

is a good indicator for the maintenance schedule and end of life calculation. 

According to the data about the environment, it can be concluded if the maintenance activities should be 

performed more frequently. 

Disconnector and earthing switch monitored quantities are [7], [8]: 

 Status: disconnector close/open, trigger, 

 Motor current, 

 Contact travel,  

 Switching times (closing, opening). 

For disconnector and earthing switch the following values are calculated: 

 Main contact arms closing  and opening time, 

 Travel and angular velocity of main contact arms. 

All these values are good indicators of the failures in the mechanism. 

 

Instrument transformers monitored quantities are: 
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 Hydrostatic pressure, used to calculate hydrostatic pressure at 20°C, 

 Main circuit current, 

 Main circuit voltage, 

 Partial discharges. 

The values stated above do not have specific range which indicates the state of the equipment, but the 

values depend on the type of the equipment, on the manufacturer and on the voltage level. 

 

3. ADVANCED DATA PROCESSING METHODS 

 

Since monitoring systems, which are the basis of the condition based maintenance, collect large amount of 

data it is opportune to use all available data in order to assist in making important decisions. By combining failure 

statistics together with the monitoring values a powerful tool for prediction of the failures and scheduling of the 

maintenance tasks, considering limited financial and labour resources, can be made. It belongs to the reliability-

centered maintenance principle, which also takes into account the estimated equipment failure probability and the 

failure consequences.  

 

3.1. State of the operating mechanism based on the coil current 
 

Various indicators point to a state of internal parts, without the need for disassembling. One such indicator 

is the coil current curve which represents a “signature” of the state of the circuit breaker operating mechanism [9].  

 

 
Figure 1. Cross section of the actuator, the plunger is set in the start position 

 

Figure 1 represents the electromagnetic actuator, which transforms the electric impulse into mechanical 

energy. It is used as an operating mechanism for the high voltage spring type circuit breakers. The actuator is 

consisted of iron core, plunger, trip copper coil, striker, spring and the housing [10]. 

The trip energy is stored in a latched spring mechanism. After the trip command, the trip coil becomes 

energized. The trip coil plunger motion can be characterized by current flowing through the actuating trip coil [11]. 

The resulting trip coil current signature provides a chronological record of the operating sequence and timing 

associated with the various breaker components during trip operation.  

Figure 2 shows trip coil current curve with specific points which are: 

1 Beginning of the movement of the circuit breaker operating mechanism 

2-3  Plunger trip 

3-4  Plunger strikes the latch mechanism 

4-5 Plunger is stopping the movement 

5 Plunger strikes buffer 

6  Change of the coils inductance 

7  Main contacts open 

8 Auxiliary contacts open 

9 Trip coil de-energised 
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By comparing coil current curve with the reference curve, which is also depicted in Figure 2, important 

information about the state of the circuit breaker can be obtained. If there is a discrepancy between these curves 

(grey zone) it is possible to accurately determine which part of the circuit breaker mechanism is damaged.  

 

 
Figure 2. Trip coil current signature 

 

This is an innovative and inexpensive method for the supervision of the circuit breaker operating 

mechanism and its condition. The exact values depend on the type of the circuit breaker i.e. on the manufacturer. 

 

3.2. Circuit breaker end of life estimation based on the arc integral 
  
As it was already said, in order to predict the failure it is essential to have the insight into the state of the 

system, i.e. into the state of each component at any time. By using advanced algorithms, and also by taking into 

account failure statistics, the failure probability can be calculated and the fault occurrence can be predicted. The 

following example will show how the monitoring of one value can give the insight into the state of the internal 

components of the circuit breaker (male and female contacts, and the inner and outer nozzle) without having to open 

it. 

The common procedure is to follow the producer recommendation for the replacement of the contact and 

nozzle after the specific number of operation and in accordance with the conditions in which the circuit breaker is 

working (e.g. occurrence of the short circuit current) [12].  

The circuit breaker monitoring system during each opening operation calculates the arc integral based on 

main circuit current that has been interrupted. This value is never the same and depends on the conditions in which 

the circuit breaker is working. Therefore, it is necessary to monitor the sum of the arc integral, and when the sum 

reaches a certain value it indicates that the circuit breaker has reached the end of its life [9]. This procedure presents 

a remarkable improvement in the circuit breaker end of  life prediction. 

By calculating the sum of arc integrals the total amount of the current that was interrupted by the circuit 

breaker can be expressed as: 

𝐼 = ∑ ∫ 𝑖2𝑡 𝑑𝑡
𝑡2

𝑡1

𝑛

𝑝=0

 

 
 

Where: 

i - main circuit current [A] 

t1 - moment of galvanic coupling separation [ms] 

t2 - moment of the arc extinguishing [ms] 

n - number of the closing operation  
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In the table 1 the data from the experimental testing of the circuit breaker were given. According to the 

amount of the interrupted current i.e. the sum of the arc integral, the average material consumption is calculated. It 

can be seen that the average value is equally distributed, regardless of the sum of interrupted current. By looking at 

the figure 3, it can be noticed that the state of the contact depends on the total current that has been interrupted. The 

contact which has interrupted the largest sum of the current is the most damaged (contact number 1).   

 

Table I. Deterioration of the circuit breaker contact 

 Sum I2t (MA2s) Material 

consumption 

(µg/A2s) 

1. 378,21 0,071 

2. 26,32 0,076 

3. 135,05 0,074 

4. 72,92 0,062 

5. 194,67 0,069 

 

 
Figure 3. Deterioration of the circuit breaker contact 

 
Following table and figure represent data about the internal nozzle. The same conclusion can be achieved as 

before: average material deterioration represented by µg/A2s is almost equal, regardless the total current it has 

interrupted. The total amount of the interrupted current leaves the mark on the state of the nozzle. At figure 4 it can 

be seen that the first nozzle, which has interrupted the largest total current, is the most worn out. 

 
Table II. Deterioration of the circuit breaker internal nozzle 

 Sum I2t (MA2s) Material 

consumption 

 (µg/A2s) 

1. 378,21 0,161 

2. 26,32 0,209 

3. 135,05 0,17 

4. 72,92 0,178 

5. 194,67 0,175 

 

 
5. 

 

4. 

 

3. 

 

2. 

 

1. 
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Figure 4. Comparison of the internal nozzle of the tested chamber 

 

As it was stated before, the sum of arc integrals gives the insight into the circuit breaker inner state, which is 

of great use for the breaking chamber remaining lifetime calculation. 

 

4. POWER SYSTEM ASSET MANAGEMENT 

 
At the moment, condition monitoring systems is being extended with the application which will be used to 

specify, prioritize and schedule maintenance to remedy power quality problems originated in distribution systems. 

The maintenance of the switchgear equipment will be scheduled considering the importance of the breaker, power 

apparatus configuration, available protection and control infrastructure. A breaker failure is a serious event and 

appropriate contingency protective schemes must be developed to deal with it. These contingency schemes may 

involve the use of local or remote backup. Local backup for a failed breaker involves the usage of other breakers in 

the same substation to isolate and clear the fault that the failed breaker cannot clear. A remote breaker involves the 

usage of breakers outside the substation to isolate and clear the fault that the failed breaker cannot. Monitoring 

system is going to be integrated with the SCADA system [13]. At that way, the operating data will be used for the 

calculation of the future behaviour of the power system and the maintenance activities. The availability of asset 

condition status is the prerequisite for the generation of actionable recommendations. Thus, operation decision 

should be linked to condition-based data. The operator has to ensure the required power flow while taking into 

account the decision regarding asset management and reliability constraints. 

It is also very important to create the failure database. The comparison between data gained from the 

monitoring system and failures in database gives the health index calculation, which provides information about the 

state of the apparatus (Fig. 5). 

The data on failures of switchgear apparatuses should be obtained from three resources: 

1) Data on failures from the CIGRE survey on reliability of high voltage equipment [1], [2], [14], 

2) Data obtained from the simulation in Matlab or other adequate program, 

3) Data obtained from the experts in the field of high voltage apparatuses: maintenance personnel of the 

electricity companies and employees of the factories which develop and produce high voltage 

apparatuses. 
 

Monitoring 

system data

Comparison 

with the expert 

data 

Health index x 

weighting 

factor

Maintenance 

decision 

making
 

Figure 5. Health index calculation 

 

Due to the fact that monitoring system is not economical for all types of asset, some authors [15] suggest 

application of probabilistic data analysis, e.g. a data driven condition-based maintenance strategy. The core of that 

method is the usage of an equipment ageing model. Historical minor failure records are analysed to predict their 

development and to derive the current and future asset condition with a high degree of accuracy. Using maintenance 

protocols, calculated failure rates and additional general information of assets, the application of a sophisticated 
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statistical approach in terms of cluster and trend analysis enables an optimised setting of future maintenance dates 

without additional monitoring.   
 

4.1. Programmatic assistance in cost analysis 

 
Asset managers in electricity distribution companies recognize the need and the challenge of adding higher 

degree of formal analysis into the increasingly complex asset management decisions. This implies improving the 

present asset management practice by making the best use of available data and expert knowledge about the system 

and the assets. One important feature that asset management systems have to contain is financial analysis, i.e. not 

only should it perform standard technical analysis, but it should also answer the most important question of power 

station management: how high will be the incurred costs? The goal is to enhance monitoring system so that it can 

perform economic analysis by using methods such as Life cycle cost analysis and Decision making process. The life 

cycle cost calculation assists in finding the optimal technologies, configurations and operative strategies. The usage 

of life cycle cost calculation on various resource strategies results in the decrease of the maintenance costs 

considering all relevant parameters. It is also very important to choose the optimal maintenance method. Reliability 

centred maintenance utilizes condition monitoring information together with the analysis of needs and priorities and 

generally results in prioritization of the maintenance tasks based on indices that reflect equipment condition and 

equipment importance. Reliability-centred maintenance binds together good effects of condition-based maintenance, 

while at the same time reduces maintenance costs and risk of failure [16]. 

The usage of the maintenance strategy based on reliability-centered maintenance leads to the decision which 

part of the equipment is necessary to be repaired or replaced. If the decision is that the part has to be replaced, a new 

question arises: should only that part be replaced or the complete system? The answer to that question is given by 

the Decision making process. The goal is to create an effective system which will help in decision making with 

consequent cost reduction, i.e. the one that will assist in finding the optimal method for minimizing the cost of the 

equipment service life and failure risk.  

 

5. CONCLUSION  
 

Condition monitoring is an important element of power system asset management. By taking into account 

all values that are being collected by the monitoring system, the insight into the complete state of the switchgear can 

be gained.  Based on that information, the maintenance activities and resources can be scheduled. This gives the 

basis for the costs calculation and the preparation of investment plans. It could be concluded that reliability centred 

maintenance is the maintenance method of the future, aiming at turning the available data collected by the 

monitoring system into useful information for the end user. Therefore, the introduction of monitoring systems in 

substations should be considered as the tool of the digital age, which provides the quality of the electrical energy 

delivery, the protection of the environment and personnel safety. 
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APPENDIX 1 - CIRCUIT BREAKER MONITORING VALUES 
 

1) Operating mechanism 

 Movement of release mechanism, 

 Stored energy pressure (such as air pressure) 

 Position of stored energy springs, 

 Full travel indication, 

 Mechanism travel and over travel, 

 Switching times, 

 Determination of the poles synchronism, 

 Motor current, 

 Frequency and duration of motor operation, 

 Hydraulic drive pressure, 

 Oil loss in hydraulic cylinder. 

2) Contact information 

 Contact temperature, 

 Contact erosion, 

 Contact travel distance, 

 Contact velocity, 

 Contact resistance, 

 Arc integral (I2t). 

3) Control circuit 

 Control circuit current, 

 Close circuit current, 

 Trip coil current, 

 Auxiliary contact timing, 

 Auxiliary coil signal, 

 DC voltage, 

 Charging motor, 

 Heater. 

4) Arc extinction and insulating medium 

 Water content (air), 

 Temperature (all), 

 Dew point (gas), 

 Density (gas, oil), 

 Pressure (air), 

 Pressure at 20°C (air, calculated), 

 Percentage (gas, calculated), 

 Relative humidity of compressed air, 

 Dielectric (oil), 

 Insulating medium level (liquids), 

 Colour, purity (gas, oil), 

 Vacuum-integrity,  

 Partial discharges. 

5) System 

 Status: circuit breaker close/open, trigger, lockout, 

 Number of breaker operation, 

 Power system disturbance, 

 Fault level, 

 Primary voltage, 

 Primary current, 

 Vibrations of the circuit breaker. 

6) Environment  

 Ambient temperature, 

 Moisture, 

 Dirt. 

 

 


