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ABSTRACT 

In the Industry 4.0 era, various ICT/IoT technologies 

have been added to the electric power field. 

Communication is connected to the end device and 

various sensors are attached to measure the status of the 

device and the system, and various solutions are being 

developed / provided based on this [1]. LSIS is preparing 

Smart LV solution for improving energy management and 

user convenience, Smart MV solution for power supply 

reliability and T&D On-line Diagnosis System for 

integrated diagnosis of GIS, TR and switchgear. In this 

paper, we will introduce the concept of the Smart MV 

Solution prepared by LSIS and how to measure the status 

of VCB. 

 

INTRODUCTION 

Figure 1 is a diagram of the Smart Solution prepared by 
LSIS. We are preparing solutions for LV, MV and HV, 
respectively. In this paper, we introduce the structure of 
Smart MV Solution and customer service contents.  
 

VCB is a core device of MV class power system which 
plays a role of breaking the fault current. In the past MV 
class power system, when the relay detects an abnormal 
current, it operates the VCB to protect the system. 
However, if the VCB is aged and breaking failed, it will 
explode and the accident can be extended due to the 
failure to breaking the fault current in the system. The 
degree of aging of the VCB is diagnosed through periodic 
inspections such as one year or three years. This periodic 
diagnosis has a limitation that VCB condition cannot be 
monitored in real time. This means that the VCB is not 
working correctly at any time.  
 
LSIS proposes a condition monitoring solution for VCB 
to improve the supply reliability of MV power system. 
The VCB is diagnosed in real time by acquiring data 
from various sensors attached to the VCB and analyzing 
the data. In this way, if the condition of VCB is abnormal, 
it is detected and informed so that pre-maintenance is 
possible. In addition to monitoring the VCB, various 
sensors such as IR sensors and thermal cameras are 
installed in the switchgear to monitor abnormal 
temperature rise in the current-carrying parts. Such 
information is provided to the customer through the 
operating system and mobile application.  
 

Figure 1 : Smart Solution prepared by LSIS 
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SMART MV SWGR 

By continuously monitoring the status of the power 

equipment, it is possible to grasp and evaluate the 

operation status and the present condition of the 

equipment. The continuously monitoring system can be 

detected and maintained before problems occur in the 

power equipment [2]. 

 

The Smart MV SWGR monitors the state of the VCB, 

which is the core device of the MV system, and 

temperature changes inside the switchgear. It also 

provides an intelligent service that analyzes the measured 

data and determines the integrity. 

 

The measured data for the VCB status monitoring include 

the operating characteristics at the time of 

opening/closing, the wear amount of the VI contact, the 

current waveform at the SHT coil operation, and the 

current waveform when the spring is charged by the 

motor. Various sensors are attached to the VCB to 

acquire real-time information and collect data from the I-

DAU. The collected data is transmitted to the local server 

and the Cloud through the MV Gateway, and the integrity 

of the VCB is analyzed using the transmitted data. The 

analyzed data is provided to customers through operation 

software and mobile. 

 

A wireless temperature sensor is applied with the thermal 

imaging camera to monitor temperature changes inside 

the switchgear. The thermal imaging camera takes 

thermographic images of the busbar or cable rooms and 

provides them to customers. The wireless temperature 

sensor is installed directly on the busbar and measures the 

temperature and sends temperature information to the I-

DAU using IEEE802.15.4 based wireless communication. 

Through the operation software and mobile, real-time 

thermal image and temperature value can be confirmed, 

and the temperature trend for a certain period can be 

checked. 

 

VCB Status Monitoring 

In order to monitor the state of the VCB, the strokes for 

checking the operating characteristics of the mechanism, 

the push-rod position for contact wear measurement of VI, 

the current waveform for confirming the operation of the 

SHT coil, and the motor current waveform during spring 

charging are measured. 

 

The breaking performance of the VCB is closely related 

to the operating characteristics of the mechanism. If a 

problem occurs in the mechanism and the operating speed 

is lowered to a certain level or more, the fault current 

may not be blocked. Therefore, it is very helpful for 

device reliability to propose to solve problems by 

detecting and analysing the mechanism's operating 

characteristics at any time before the speed drops to a 

certain level. 

Figure 2 shows a photograph of a VCB with a rotary 

sensor attached to it for measuring the stroke. We 

measured the same waveform by using a standard rotary 

sensor installed at the same position. The standard rotary 

sensor was a Novotechnik P6500 model. 

 

The contactors of VI are worn by many times operation, 

fault current interruption, etc., so that the amount of 

compression of the contact spring is lowered and the 

contact pressure applied between VI contacts is also 

lowered [3]. When the contact pressure is lowered below 

the reference value, the contact force between the contact 

points does not have the normal operation and closing 

performance. The amount of contact wear can be checked 

by measuring the position of the push-rod connected to 

the movable contact of the VI. We applied a photo sensor 

to measure the position of the push-rod.  

Figure 3 shows the attachment state of the photo sensor 

applied to measure the position of the push-rod. The 

Figure 2: Stroke Sensor for VCB Characteristics 

Figure 4: Location vs. Sensor output 

Figure 3: Photo sensor for wear of VI contactor 
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photo sensor has the characteristic that the output changes 

according to the distance between the sensor and the 

object. The VCB should be maintained if the wear of the 

contacts of VI exceeds 3 mm or 5 mm. Therefore, it is 

necessary to detect a change of less than 1 mm by using a 

photo sensor. To confirm this, we checked the output of 

the photo sensor by changing the position of the push-rod. 

 

Figure 4 shows the sensor output when the push-rod 

position changes to 5 mm. As a result of the test, it was 

confirmed that the output value has linearity according to 

the position change. 

 

When the DO contact of the relay is closed, the SHT coil 

operates to remove the latch of the mechanism and then 

the mechanism operates. By monitoring the current of the 

SHT coil, it is possible to grasp the timing of the 

operation of the mechanism, so that accident analysis and 

integrity can be confirmed [4][5]. When the VCB is 

closed, the motor operates to recharge the closing spring. 

At this time, the integrity of the mechanism and motor 

can be determined by monitoring the operation current of 

the motor. Figure 5 shows an image of the hall sensor 

applied to the SHT coil and motor of the VCB. 

The result of VCB status measurement using various 

sensors and the temperature change inside the switchgear 

using thermal camera can be monitored in real time from 

the operating SW and mobile. 

 

Service Contents & Mobile Application 

Monitoring the VCB status and measuring the 

temperature inside the switchboard is intended to provide 

meaningful service to customers. The service content to 

be provided to customers in the Smart MV SWGR 

consists of five categories and some sub-items. 

In the MONITORING, the users can check the data 

measured by the relay and the set values of the relay. In 

the DIAGNOSTIC, the users can check the operation 

characteristics of the VCB and confirm the measured 

value and thermal image of the temperature sensor. It also 

provides a list of possible causes and suggested actions to 

be taken in the event of a problem during operation. The 

CONTROL menu allows remote operation to the VCB. 

The MAINTENANCE menu provides a daily check list 

and video manuals for the switchgear components for the 

convenience of the field worker, and evaluates the health 

of the present state using temperature measurements. In 

the DOCUMENTS section, users can check the daily 

check log that was created in the past, and they can 

register and confirm various documents such as the test 

report of the constituent device. 

 

Figure 7 shows the MONITORING item of the service 

contents as a mobile application. Users can check values 

such as voltage, frequency, power factor, voltage 

unbalance, active power and harmonics measured at 

digital protection relay. And they can check the details 

when they select specific item. In addition, by displaying 

the set value of the relay, customer convenience is 

improved. 

Figure 8 shows the DIAGNOSTIC item. In the VCB 

CONDITION, users can check the operation curve of the 

VCB and the operating current of the motor. And they 

can check the number of times the making and breaking 

operation, the fault current breaking operation, 

Figure 5: Hall sensor for SHT coil and motor 

Figure 6: Service contents 

Figure 7: Mobile service - MONITORING 
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respectively. Based on various measurement data, it 

provides a guide to life expectancy along with the next 

maintenance date. The TEMPERATURE menu allows 

users to view real-time measurements, trends of the 

temperature sensors and thermal images of the thermal 

camera. 

Figure 9 shows the CONTROL item and OPERATION 

MANUAL of MAINTENANCE. In the CONTROL, 

users can open/close operation and remote control to 

service or test position of VCB. On the OPERATION 

MANUAL, the operating method for the component is 

provided as a video. Thus, the user can quickly and surely 

confirm the operation method. 

 

CONCLUSION 

In the past, most manufacturers have tried to develop 

products with low cost and high performance. However, 

in the Industry 4.0 era, they are developing services that 

provide efficient operation by state monitoring and 

reliability by device diagnosis. 

In this paper, we introduce sensors applied to monitor the 

state of VCB and describe the service contents using 

measured values. It is expected that more efficient and 

reliable operation will be possible by using Smart MV 

SWGR of LSIS. 

We will develop and apply various sensors to add 

measurement items for MV system. In addition, we will 

complete the Smart MV Solution by accumulating and 

analyzing the measurement data to increase the accuracy 

of the diagnostic service. 
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Figure 8: Mobile – DIAGNOSTIC 

Figure 9: Mobile – CONTROL & MAINTENANCE 


