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ABSTRACT 

The GCB(gas-insulated circuit breaker) is very important 

in power system and is driven by a SOM(spring operating 

mechanism). During the operating of the GCB and SOM,  

a heavy load is applied at high speed, and many parts are 

broken, cracked, and deformed. Since each part in GCB 

and SOM are connected, it is difficult to know the exact 

load history. For this reason, endurance life test is 

required for a lot of time and labor. Therefore, the 

fatigue endurance analysis must be accompanied when 

the initial GCB and SOM design. This study performs 

fatigue endurance analysis on key parts such as 

Mainlever Roller and Cylinder Rod in GCB and SOM by 

using the DAFUL of multi-body dynamics program.  

INTRODUCTION 

In the power system, the GCB(gas-insulated circuit 
breaker) must be quickly cut off the current when an 
abnormal current flows in the line such as an over current 
or a short of the electric circuit. Currently, most of GCB 
is driven by a SOM(spring operating mechanism) that 
uses the heavy compression force of the spring as a 
driving force. Recently, as the GCB has become more 
advanced and smaller, researches in various fields are 
continued for making reliable GCB to satisfy customer's 
requirement. 
The Ultra-High Voltage Circuit breaker normally has to 
have a lifetime more than 10,000 times. Some parts could 
suffer fatigue and damaged in final as shown in Fig. 1 in 
GCB. Moreover, some parts were even broken during the 
endurance test because it was operated with high speed 
and under heavy load condition. Fatigue failure is one of 
the most important causes of failure in mechanical 
structure. It is hard to detect with tangible way the 
initiation of flaw leading final breakdown of the structure. 
So, the structural reliability has been proved by repeating 
test and this is laborious and time consuming work.  
Fig. 2 shows the survey of customer’s claims. In this 
chart, design and engineering related fatigue failure 
account for 20.8%. The percentage of fatigue failure is up 
to 35% when the environmental effect(2%), 
corrosion(2%) and wear/aging(10%) are also included in 
fields of fatigue. There are many problems caused by 
fatigue failure in GCB and SOM. If any component in the 
GCB and SOM is fractured by fatigue, normal operation 

will not be possible and this will lead to serious collapse 
in the power system. To prevent this, in design of GCB 
and SOM, it is necessary to take into account fatigue 
from initial stage.  
In this paper, fatigue analysis is performed by using 
multi-body dynamics analysis for major components to 
predict the endurance life and verify the reliability of the 
results.  
 

 
Fig. 1 Damaged Parts by Fatigue in GCB 

 

 
Fig. 2 Main Component Involved in Failure 



 25th International Conference on Electricity Distribution Madrid, 3-6 June 2019 
 

Paper n°  0376 

 
 

CIRED 2019  2/5 

PROCESS FOR DERIVING THE FATIGUE 
ANALYSIS RESULT OF GCB AND SOM 
 

1. Data Required for Fatigue Analysis  

For dynamic fatigue analysis, the load history of the 

target part is essential. In order to obtain the accurate load 

history, modelling that behaves like actual parts should 

be made. Fig. 3 shows the process of fatigue analysis. 

The modelling for analysis has been made in DAFUL and 

the operating speed was selected with condition for 

comparing the consistency. The reason for selecting the 

operating speed is the easiest way to compare with test 

and has a lot of measured speed data. Because, it has 

been confirmed that the analysed results of speed have 

good coincidences with test results under various 

conditions, dynamic analysis was done to get stress 

history. Then, fatigue analysis was performed with the 

obtained dynamic stress history. Also heat and surface 

treatment conditions are applied in order to take into 

account the characteristics of actual parts. Both 

treatments increase the surface hardness and the 

endurance life of the part. Since the data of both 

treatments are applied through the worker's experience, a 

lot of accumulated data is needed to improve the accuracy 

of the analysis. 

 

 
Fig. 3 Process of the Dynamic Fatigue Analysis 

 

2. Components Selection to be Analyzed  

Cylinder Rod of GCB and Mainlever Roller of SOM 

were selected for the fatigue analysis because they have 

been broken several times in endurance life test. The 

Mainlever Roller is operated by contacting with CAM 

operated by the compression force of the closing spring 

in the SOM, and a heavy load is applied during the 

closing operation. The Cylinder Rod transfers power to 

moving parts in GCB and makes the hot gas generated by 

the arc released to cooling chamber through itself.  

Mainlever Roller is the most concerned object in this 

analysis, because it has been fractured within a several 

times of operation in endurance life test.  

The analysis was performed using DAFUL 6.2, and mesh 

generation for dynamic stress analysis was done using 

ANSYS 18.2. Fig. 4 shows arrangement of the Mainlever 

Roller and Cylinder Rod in the GCB and SOM, 

respectively. 

 

 
Fig. 4 Location of Components in GCB and SOM 

 

3. Results of the Analysis through Using Rigid Body  

The analysis sequence is as follows. Firstly, the actual 

physical property of parts are applied. The applied 

mechanical property in analysis is shown in Table 1. 

 

Table 1 Physical Property for Analysis 

Material 
Density 

[kg/mm3] 

Young’s 

Modulus 

[N/mm2] 

Poisson’s 

Ratio 

Steel 7.83E-06 210,000 0.3 

 

 Secondly, all parts were assumed rigid body. Constraint 

conditions were set using various joint conditions(fixed, 

revolute, translate, ball), while boundary conditions were 

done using contacts. Thirdly, Spring force and function 

condition were implemented to make actual and correct 
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operation. The function condition can be set to force or 

motion using formula. Through this process, initial 

modelling was completed, and the speed from analysis 

was compared with tested one. The difference could be 

cause by assumed factors such as friction, ODP(oil dash 

pot), gas pressure conditions, and other conditions that 

can't reflect the actual condition. So the contact stiffness 

and damping value in spring of each part were modified 

to obtain actual operating speed. Fig. 5 and Table 2 show 

the comparing the speeds from the test and analysis. 

Comparing the results, 3.0% and 3.6% of discrepancy in 

closing and trip speed, respectively are considered as not 

significantly different. Therefore, rigid body analysis was 

judged to be reliable level.  

 

 

 
Fig. 5 Comparing the Speeds of Test and Analysis 

 

Table 2 Comparing the Speeds of Test and Analysis 

 

V20-80[%] 

Closing Trip 

Test 100 100 

Analysis 97.0 96.4 

4. Results of the Dynamic Stress Analysis through 

Using Flexible Body  

As the next step, dynamic stress analysis has been 

performed. The mesh size was selected through the mesh 

convergence test to shorten the analysis time and to 

improve the accuracy. The nodes and elements are 

summarized in Table 3.  

 As a result of the dynamic stress analysis, the maximum 

load is applied to the Cylinder Rod at 810.23 MPa during 

the trip operation, and the Mainlever Roller has the 

maximum load at 1210.03 MPa during closing operation. 

Fig. 6 shows the result of the dynamic stress analysis. In 

both parts, the area where the maximum load acts is same 

to the damaged area when the actual part is broken.  

 

Table 3 Flexible Body Modelling data 

 
Node Element 

Roller 1,612 6,192 

Cylinder 

Rod 
19,178 70,939 

 

 
Fig. 6 Results of Dynamic Stress Analysis 

 

5. Results of the Fatigue Analysis 

In the fatigue analysis, the results of the dynamic load 

analysis is related to the endurance life of the parts. For 

this, S-N(stress-life) or E-N(strain-life) curve of 

component material is essential. Because lifetime is the 

point at which the stress value from analysis coincides 

with the S-N curve. The analysis is based on the S-N 

curve provided by DAFUL, which is reliable since it is 

derived from the specified 3-point bending test. In this 

fatigue analysis, the S-N method is used for the analysis 

when the working stress is in the elastic region and the 

fatigue life is relatively long.  

Static fatigue analysis is estimated by comparing the 

stress on the S-N curve after structural analysis. In the 

dynamic fatigue analysis, a number of load histories are 

generated in only one operation. The representative load 

value is calculated for comparison in the S-N curve and 
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calculated by the average stress of the repeated load of 

the part as shown in the following equation. Fig. 7 shows 

the alternating strength amplitude. The stress life is 

decided by the number of repeat under specific stress 

until failure occurs.  

 

 
Fig. 7 Alternating Strength Amplitude 

 

 

 

 

∆S = Smax − Smin (1) 

 Sa =
Smax − Smin

2
=
1

2
∆S (2) 

 Sm =
Smax + Smin

2
 (3) 

 Rs =
Smin

Smax

 (4) 

 A =
Sa
Sm

 (5) 

 

Where, ∆S  is the strength range, Sa  is the alternating 

strength amplitude, Sm  is the mean strength, Rm  is the 

strength ratio, Am is the amplitude ratio.  

Fig. 8 shows the result of the fatigue stress analysis. From 

the results, it was confirmed that the Mainlever Roller's 

lifetime is 100,000 times, which is relatively long 

because of the improved design has already been applied.  

 

 
Fig. 8 Results of Fatigue Analysis 

Previously, it was damaged a few times, but now it has 

improved considerably. On the other hand, the Cylinder 

Rod has 7,152 times, which is less than the target life of 

10,000 times, so additional design improvement is 

required. After the design improvement, the life of the 

Cylinder Rod has 45,000 times.  

 

6. Comparison of Experimental and Analytical Result 

The endurance life test was performed by applying the 

improvement components to the actual GCB and SOM. 

The GCB and SOM has big size, a number of parts, long 

manufacturing time, and expensive. For this reason, many 

endurance tests can't conducted. So, the endurance life 

test was carried out in total two. As a result of the test, 

the improved Cylinder Rod proceeded without any 

problem in the test of 10,000 times. also one Mainlever 

Roller had same result. but another roller could not 

perform additional endurance life test due to the problem 

of other parts. The test stopped at 6,200 times, and until 

then there was no problem. Even if the problem is caused 

by other parts, the Mainlever Roller must be replaced 

with a new one because the load is continuously applied 

when the operation is stopped during the closing 

operation. In previous endurance life test, the Mainlever 

Roller was broken a few times. But now we have 

confirmed that there has been considerable progress and 

will further improve the reliability of the analysis results 

through actual testing. Since sample numbers were low, 

additional verification will be continued. If the process in 

this paper is applied to the initial design of GCB and 

SOM, it is possible to save the manufacturing time, 

human resource and cost. 

 

CONCLUSION 

 

There are findings from this study as follow: 

 By using various conditions in rigid body 

analysis, 3.0% and 3.6% of discrepancy in 

closing and trip speed, which are similar to 

those of actual operation.  

 From the dynamic stress analysis, the heavy 

loaded part and the actual breaking part are 

coincided. Since the time when the maximum 

stress occurred for each part was different, it 

was necessary to analyze stress value at each 

operation. 

 From the fatigue analysis, the fatigue life of the 

Mainlever Roller had 100,000 times and 

Cylinder Rod had 7,000 times which is lower 

than 10,000 times. So, Cylinder Rod was 

modified to improve the design, had resulting 

in 45,000 times. 

 Endurance life test conducted with applying the 

improved design and confirmed better 

performance than before considerably. This 

shows the necessity of using fatigue analysis 

when the initial design. 



 25th International Conference on Electricity Distribution Madrid, 3-6 June 2019 
 

Paper n°  0376 

 
 

CIRED 2019  5/5 

 Fatigue analysis could be used to predict issue 

in endurance life test and improve the design 

and save manufacturing time, cost and labor. 
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