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1. INTRODUCTION 
 

In theory, the circuit breaker is considered to 

be a connecting mechanical device which is 

capable to establish, support and break the current 

in normal and abnormal conditions (short-circuit, 

overtension). The operating mechanism of the 

circuit breaker allows the movement of the mobile 

contact. 

 The main electrical problem of the circuit 

breaker is that it must extinguish the electrical arc 

with a minimum delay. On the other hand, at the 

opening of the electrical circuit, extinguishing  the 

electrical arc depends on the speed and the stroke 

of the movable contact. 

The dynamic model of the mechanical system 

has been presented in [6]. A way to determine the 

kinematic parameters of the movable contact of a 

high voltage circuit breaker has been presented in 

[1]. 

In this paper, the authors presents the 

dynamic analysis of the operating mechanism, as a 

way to find out the kinematic parameters of this 

mechanism contained inside of a circuit breaker 

with sulphur hexaflorid (SF6) and self 

compression. 

 

 

2.DYNAMIC PARAMETERS OF THE 

OPERATING MECHANISM 
 

Mechanical operating system of the movable 

contact is the crank slider mechanism. The 

structural schema and the operating system of the 

movable contact’s mechanism are presented in the 

Figure 1. 

The movable contact presents a movement of 

translation, so that is why in the dynamic study of 

the operating mechanism the reduction point 

dynamic model has been considered. The 

reduction point is a point attached by the moving 

contact (point C) of the circuit breaker. 

The parameters used by the reduction point 

dynamic model are, as follow: position and speed 

of the reduction point, reduced mass and reduced 

force [3], [4]. The position and the speed of the 

reduction point are determined using kinematic 

analysis. 

The reduced mass is the equivalent of the 

mass of the operating mechanism concentrated in 

the reduction point and could be determined with 

the next relation: 
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where: mi is the mass of the ‘i’ element; vGi - the 

centre of  mass velocity;  

v - the reduction point velocity; 

JGi  -  inertial moment of the ‘i’ link; 

  i  -  angular velocity of the ‘i’ link. 

The last dynamic parameter, reduced force, 

has  two components: reduced motor force and 

reduced resistance force. The first of them, 

reduced motor force, is mainly represented by the 

force of a helical spring. This force operates on the 

crank linkage, determining the moment of force 

presented in the next relation: 

 

M1 = (F1 + k  L )  AE 
‘
 ,                (2) 

 

where: F1 is pretension force of the helical spring;  

 k - spring stiffness; L-deformation of the 

helical spring in relation to the initial position; 

 AE - length of the connecting rod. 

The reduced resistance force has as main 

component, the compressive force of the dielectric 

gas from the arc chute ‘a’ (Fig. 2). 

For circuit breaker with SF6 and self 

compression, there are optimal condition for the 

arc extinction when the dielectric gas flow is 

nearly from the sonic velocity [5]. Therefore the 

operating mechanism has to achieve a pressure for 

dielectric gas which determine a dielectric gas 

flow velocity approached from sonic velocity. The 
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compartments of the arc chute and main stages of 

the pressure dielectric gas for opening of the 

circuit breaker are presented in Fig. 2. 

The value of the compressive force achieved 

for each stage of the opening circuit breaker is 

 

 

 
 

Fig. 1. Mechanism of the movable contact and the parameters of  the dynamic model 

 

 

given by relation: 

 

Fp = pak  Spa  pbk  Spb ,                         (3) 

 

where: pak, pbk are pressures from compartment 

‘a’ and ‘b’ when piston is in position k; 

  Spa, Spb - area of the piston from the 

compartment ‘a’ and ‘b’. 

The reduced motor and resistance force are 

computed with relation: 
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in which: M1 is driving moment achieved by helical 

spring; 1  -  angular speed of the crank link; G1, 

G2, G3 - weights of the mechanism links; v1, v2 - 

centre of mass speed for the crank and rod linkage; 

v - speed of the moving contact (reduction point); 

Fp - compressive force for dielectric gas;  Ff - 

friction force between piston and arc chute. 

The dynamic parameters determined will be 

used to establish the motion equation of the 

movable contact. 

3. Equation of motion 

 

Lagrange’s equation was used to establish the 

equation of motion for movable contact. This 

equation is applied in dynamic model reduction 

point to obtain the kinematics parameters of the 

movable contact. On the base of the kinetic energy 

of dynamic model and Lagrange’s equation, the 

equation of motion for movable contact may be 

written: 
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where:  

mred is reduced mass; 

 v - speed of the moving contact;  

dmred / dy - differential of the reduced mass 

depending on the position parameter of the movable 

contact;  

Fred - reduced force. 

The equation of motion is differential equation 

of order two. To solve this equation transforms into 

system of two differential equation by order one:
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Figure 2. Compartment of the arc chute and main stage of the opening circuit breaker. Cfs - upper fixed 

contact;  Cfi - lower fixed contact;  Cm - movable contact 

 

To solve the system of equation (6) was used 

Runge-Kutta numerical method. In this way, the 

parameter of position and speed of movable 

contact are determined by using the iterative 

relations: 
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in which: 

h is the step of integration;  

kij are the coefficients of integration computed 

with relation: 

 

ki1 = hfi (tk, yk, vk ); 

ki2 = hfi (tk + h/2, yk+k21/2, vk+k11/2), (8) 

ki3 = hfi (tk+h, ykk21+2k22, vk  k11 + 2k12),  

 i = 1,2. 
In relations (8), fi (t,y,v) represent the second 

term from system of equation (6). 

 

 

4  NUMERICAL EXAMPLE 
 

The dynamic model achieved was applied to 

movable contact mechanism of circuit breaker 

with SF6 and self compression. The geometrical 

parameters of the mechanism are: xA = 0.035 [m], 

yA = 0.0 [m], L1 = 0.05 [m], L2 = 0.24 [m]. The 

working of the movable contact mechanism is 

determined by a helical spring, which have 

following parameters: spring stiffness k = 12500 

[N/m] and pretension force F1 = 520 [N]. 

To determinate the reduced motor and 

resistance forces, in any moment of opening 

operation, was achieved a compute program. The 

variation of these forces are presented in Fig 3. 
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Figure 3. Reduced motor and resistance forces. 

 

 

To numerical solve the equation of motion for 

operating mechanism was achieved a compute 

program. The initial conditions necessary to 

integrate the equation of motion  are: t = 0,  

y = 0.27 [m], v = 0. 

The integration equation of motion results are the 

distance between the position movable contact and  

these position, when the circuit breaker is opening 

and the movable contact speed depending on time. 

The variation of the kinematics parameters of the 

movable contact depending on time are presented 

in Figs. 4 and 5. 

 

    

Figure 4. Parameter of position            Figure 5. Movable contact speed 

 

 

The diagrams from Figs. 4 and Figure 5 allow to 

establish the moment in which the movable contact 

achieve the imposed speed (v = 1.5 [m/s]) by the 

electrical condition and it position in this time. 

5. CONCLUSION 

 

The work of the operating mechanism is 

determined by a helical spring. In this case, the 
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cinematic parameters of the crank are not 

established and so the position and speed of 

movable contact are not determined. To 

determinate the cinematic parameters of the 

movable contact there was achieved a dynamic 

model. This model permits to establish the 

pressures of de compartment of the arc chute. 

The result of the dynamic study of the operating 

mechanism is a mathematics model for the moving 

contact motion, which allow to simulate this 

motion. 

The mathematical model may be used in circuit 

breaker design and to improve the mechanical 

parameters. The cinematic parameters of the 

moving contact obtained by solving the equation 

of motion are necessary to verify if there are 

satisfied the electrical conditions for opening 

operation. 
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