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ABSTRACT 

The contact welding phenomenon of the vacuum 
interrupter occurs frequently when the vacuum circuit 
breaker closing short circuit current. It cause the circuit 
breaker refused tripping or vacuum interrupter burst, 
which belongs to the serious accident. A lot of research 
work about contact welding phenomenon has been done 
in universities and companies at home and abroad. The 
reason in the vacuum interrupter contact welding can 
from different aspects: such as contact materials, closing 
speed, contact pressure, contact closing bounce etc. 
Phase selection can avoid the vacuum interrupter contact 
welding when it closes the bigger inrush current. But 
there have no research and optimize match about the 
institutions of the output characteristics and load 
characteristic, so as to improve the capability of anti -
fusion welding in the domestic and foreign reference. 

 
This article based on test results, and put forward the 
output characteristic of the institutions and the load 
characteristics matching problem is another important 
influence factor of fusion welding, and the influence 
factors of the output characteristics of spring mechanism 
in vacuum circuit breaker are analysed. Finding that the 
output characteristics of vacuum circuit breaker are 
seriously affected by the track of the cam contour and the 
angles between four-bar linkage of driving mechanism. 
Keywords: contact welding; load characteristic; output 
characteristic; track of cam contour; driving mechanism   

0  INTRODUCTION 

 
When the vacuum circuit breaker closing short circuit 
current, contacts welding phenomenon of interrupter 
occurs frequently, contact welding will result in a circuit 
breaker refused tripping or arcing chamber burst. It is 

belong to serious accident [1]. A large number of papers 
shows that when the vacuum circuit breaker opening and 
closing the capacitor, to break the back to back capacitor 
combination is more easy restrike than break the single 
capacitor, that is caused by vacuum interrupter contact 
welding. 
A lot of research about contact welding phenomenon has 
been done in universities and companies at home and 
abroad. The reason in the vacuum interrupter contact 
welding has been analyzed from different aspects: such as 
contact materials, closing speed, contact pressure, contact 
closing bounce etc [2-3], Phase selection can avoid the 
vacuum interrupter contact welding when it closes the 
bigger inrush current.  
The impact of welding resistance of contact materials 
include : Contact material melting point, latent heat of 
fusion, gasification latent heat, specific heat capacity[4-5], 
the hardness of contact material[6], the tensile strength of 
materials[4], for the micro-structure of the contact 
surface[7] and the contact material components[8-13]. 
Contact  bounce is inevitable when the circuit breaker 
close short circuit current, the article is analysis the 
dialectical relationship between the closing speed, contact 
bounce and the contract fusion welding. It can improve 
the fusion welding resistance of the circuit breaker using 
different transmission characteristics. And it can 
effectively reduce the closing bounce by optimizing the 
closing speed characteristics. It can effectively eliminate 
the influence of contact vibration by equipped buffer 
spring. Through optimizing to the static contact buffer 
spring stiffness and collisional damping can reduce 
contact bounce and improve vacuum circuit breaker 
closing characteristics, enhance the welding resistance 
performance.  
There have no mention of the output characteristics and 
load characteristics matching optimize the mechanism in 
the domestic and foreign literature, so as to improve the 
circuit breaker welding resistance performance. The 
output characteristic of mechanism curve is more 
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intuitive by the transmission system designer and easy for 
the application [15-20]. 
This article was based on test results, and put forward the 
output characteristic of the mechanism and the load 
characteristics matching problem is another important 
influence factor of fusion welding, and analyzed the 
influence factors of the output characteristics of spring 
mechanism in vacuum circuit breaker. Finding that the 
output characteristics of vacuum circuit breaker are 
seriously affected by the track of the cam contour and the 
angles between four-bar linkage of transmission   
mechanism. 

1 THE SPRING MECHANISM OF VACUUM 
CIRCUIT BREAKER AND TRANSMISSION 
PRINCIPLE 

 

α

 Figure1 is for the spring mechanism of vacuum 
circuit breaker and transmission principle 

 
1-vacuum interrupter, 2-the contact spring, 3-the circuit 
breaker transmission crutch arm 4-the shaft of circuit 
breaker  5-close-open spring  6- output crutch arm 
mechanism 7-the linked plate of transmission  8-the shaft 
of mechanism  9-roller  10-cam  11-the shaft of energy 
storage  12-the spring of energy storage 
 
Figure1 for the 40.5kV vacuum circuit breaker which is 
in the closing process and is about to the position, on the 
basis of this figure, cam goes on rotating, and made the 
closing clasp in the close position. 
Figure2 for the comparison between output force of 
vacuum circuit breaker load characteristics and closing 
spring characteristics. The horizontal axis is for vacuum 
interrupter stroke distance, unit is mm, and the initial 
state is opening, longitudinal axis curve 1 is the 
equivalent to the load on the top of the circuit breaker 

moving contact(including break-brake spring),  curve 2 
for spring of energy storage force changing with open 
distance, unit is newton.  
 

 
Figure 2 load characteristic vs output force of spring 

of vacuum circuit breaker 

From the picture we can conclude in that the vacuum 
circuit breaker load characteristics at 0-20 mm contact 
stroke, load is increasing slowly, opening spring is 
mainly the contribution, when the contact apart from 
arrived at 20 mm, the dynamic contact and the static 
contact collision, over stroke spring(contact spring) is 
began to compression, the load characteristic forming an 
obvious change due to the over travel spring join in. 
Curve 2 is for charging spring change along with the 
change of contract stroke, because the charging spring is 
a process of releasing energy in the opening to closing. 
The force is from large to small, charging spring force 
and load characteristics is opposite along with the contact 
stroke change. How to get the energy storage of charging 
spring through different transformation to overcome the 
load is the task of spring mechanism. 
In order to achieve the charging spring output 
characteristics and load characteristic matching 
effectively, spring mechanism using two sets of reduction 
force structure. One for cam reduction force structure, 
different cam contour track, and force reduction effect is 
different, and the efficiency of the organization is not the 
same, so through optimization trajectory of cam contour, 
can realize the effective coordination of the output 
characteristics and load characteristic, also improving 
contact welding resistance performance. Another one is 
for four bar-linkage force reduction structure. 

2 THE CHANGE OF THE FOUR-BAR 
LINKAGE MECHANISM INFLUENCE ON 
THE OUTPUT CHARACTERISTICS 

On closing position, The angle between mechanism 
output crutch arm and the transmission linked plate is	α, 
embodies the different force reduction of the four 
connecting rod. If it is the ideal state of no friction, 
angle	α can be infinitely close to 180 °, but not equal to 
180 °, if is equal to 180 °, that is, commonly known as 
the dead point. When the load force is the contact spring 

1

2
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force with opening spring force of mechanism shaft lever 
is zero, unable to realize opening action. Actually there 
were some friction,	α	closing to 180 °. Figure 3 shows the 
output characteristics of two different angle	α. 
 

 
Fig 3 The character of output moment of force with 

different four bar linkage 
 

The diagram shows different output force characteristics 
of different angle α mechanism, when the curve 1 and 2 
stand for the angle of the four connecting rod for 	�� , 
��	respectively,  the output torque along with the change 
of contact stroke. And the �� > ��  , curve 3 open for 
circuit breaker load force torque with change of contact 
stroke, from the figure we can in conclude, when the 
curve 2 in contact just touch (from 20 mm), it can provide 
greater force to overcome the load rising sharply than 
curve 1.The curve 1 and 2 become high volatility about 
15mm and 17mm distance, this is due to the cam contour 
for a period of circular arc, at the contact arc, the torque 
characteristics of mutations. The curve 1 and 2 output 
characteristic is lower than load characteristic when the 
distance is about 22.6mm and 23.4mm respectively. 
Although due to closing inertial, make the switch to 
complete the closing action, but with shortcomings of its 
force characteristics, the result also revealed the problem. 
 

3 THE OPTIMIZATION OF CAM CONTOUR 
OF TRAJECTORY INFLUENCE ON THE 
OUTPUT CHARACTERISTICS 

 
In order to satisfy the specify load characteristics of 
vacuum circuit breaker, adopting the arm of force 
different when the cam in opening position and closing 
position, realizing the force reduction properties of 
implementation in the closing position. There are many 
cams contour trajectory, generally like period of circular 
arc, Archimedes spiral line, spline, etc., each of the 
characteristics have advantages and disadvantages. It is 
convenient to processing pieces of circular arc connect, 
spline curve design flexible, match the load curve easily. 
Figure 4 shows spring mechanism compared with the 
circuit breaker shaft torque characteristics along with the 
change of contact stroke under the condition of invariable 

in other parts of two different cam. 
From the diagram, the horizontal axis is contact stroke, 
the vertical axis relative to characteristics of the circuit 
breaker for spring mechanism shaft torque. Curve 1 and 2 
are the output torque of cam1 and 2 installed respectively. 
Curve 3 for the load torque characteristics of vacuum 
circuit breaker. It’s obviously, output characteristics and 
load characteristics of curve 2 matching is better, 
especially in the closing process, dynamic torque is 
greater than the load torque. And eliminate the curve 1 
peak fluctuation when it is in about 17mm position, the 
effective energy was used to overcome the contact spring 
larger pressure after approach it. Curve 2 does not appear 
the situation like curve 1 when contact is 23 mm, torque 
characteristic fell sharply, which below the conditions of 
load torque. 
 

 
Fig 4 The character of output moment of force with 

different cam 
 

4 IMPORTANT AFFECT FACTORS OF 
CONTACT WELDING IS THE OUTPUT 
CHARACTERISTICS AND LOAD 
CHARACTERISTICS MATCHING  

 
As we all know, the vacuum is the butt-type contacts, 
they need to provide greater contact pressure between the 
contacts, and the contacts provide a spring contact 
pressure. When the mechanism closing, the contact 
spring and opening the contact resistance of the spring 
must to be overcome, that load torque curve 3 in Fig 4. 
Figure 4 is a static characteristic torque, when the closing 
moment of contact with the two contact, moving contacts 
will be subject to static contact collision momentum, after 
the pre-strike in the closing process, current occurrence 
electrodynamics’ force, so as to decrease the contact 
force between the contacts, eventually leading to the 
contact welding. Therefore, effective with the output 
characteristics and load characteristics is an important 
factor in preventing the welding of the contacts. 
 

1 
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5   EXPERIMENTAL VERIFICATION 

 
For three different output characteristics, taking opening 
and closing test of short-circuit for vacuum circuit 
respectively, rated voltage: 40.5kV, rated current: 31.5kA, 
short closing current:80kA. Contact spring pressure: 
3200N~3400N. 
Figure 5 shows the different four-bar linkage structures 
and output characteristics of the cam. Curve 1 for the 
four-bar rod Angle is	�� . 1 # cam structure , Curve 2 for 
the four-bar rod Angle is  ��, 1 # cam structure , Curve 3 
for the four-bar rod Angle is 	��   , 2# cam structure, 
spring mechanism relative to the output of the circuit 
breaker shaft torque curve. 

 
Figure 5 Three kinds of structure’s opening and 

closing test in the short circuit current 
 

 Tab 1   The test result 

Project  The test results 

Structure 1 
corresponding to 

curve 1 
 
 

 
Structure 2 

corresponding to 
curve 2 

 
 
 
 

Structure 3 
corresponding to 

curve 3 

Testing 3，60% short circuit 
test, the interrupter contacts 
occur serious welding 

 

Testing 4 ，  opening and 
closing test in the short circuit 
current, the arcing time become 
longer obviously, after the test, 
open the vacuum interrupter 
and there was obvious welding 
on the contacts. 
 
According to standard, opening 
and closing 274 times in the 
test, without any exception 
phenomenon. 

 

 
Figure 6 the photos about the test after the circuit breaker 

to cut off short-circuit current 
 

In the table 1, the testing 3 in structure 1, severe unipolar 
interrupter contacts welding in the short-circuit in 60% 
short circuit test. Although there are some other poles 
opening distance between the interrupter contacts, due to 
the welding electrode to contain opening from extinction 
distance not reached, the arc unable to extinguish in the 
long-term burning, the sample photos in figure 
6,eventually leading interrupter burst.  In the structure 2, 
using testing 4 to short-circuit current conduct, because 
between the interrupter contacts welding phenomenon, 
resulting in sub-gate influence by welding points opening 
speed slows down, making the arcing time was 
significantly longer, open interrupter, contacts have 
welding marks. Breaking a full set of tests by standard 
274 in structure 3 does not appear any exceptions. 
 

6 CONCLUSION 

 
According to the test results, the following conclusion are 
drawn : 
1) As the contact change, the vacuum circuit breaker load 
characteristic and spring force with energy storage 
characteristic is opposite. To reduce force structure link 
in spring mechanism was adopted to realize the matching 
condition. 
2) The four-bar linkage is better transmission structure, 
reduction of different α and the force reduction degree is 
different, the greater of the α and the better characteristic 
of the reduced force.  
3) The cam is also a kind of effective force structure for 
reduction, and different cam contour track have different 
effect in force reduction, and the output efficiency of 
institutions is not the same. So it can realize the effective 
coordination of the output characteristics and load 
characteristic by trajectory optimization of cam contour. 
4) It can be effectively to improve the capability of anti-
fusion welding when the circuit breaker close short 
circuit current by the effective match of the vacuum 
circuit breaker’s output characteristics and load property 
of spring mechanism.  
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