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Optimization of the Spring Design Parameters of a Circuit Breaker
for Satisfying Specified Dynamic Characteristics

Kil Young Ahn” and Kwang Young Jeong

ABSTRACT

In a vacuum circuit breaker mechanism, a spring-actuated linkage system is used to satisfy the desired opening and

closing characteristics of electric contacts. If the type and structure of the linkage system required to the circuit breaker
is predetermined, the stiffness, free length and attachment points of a spring become the important design parameters. In
this paper, based on the energy conservation that the total system energy is constant throughout the operating range of

the mechanism, a systematic procedure for optimizing the spring design parameters is developed and applied to the
simplified mechanism of a circuit breaker. Then, in order to consider the complex dynamics of the circuit breaker
mechanism rather well, the developed procedure is converted to the environment of a multi-body dynamics program
ADAMS.

Key Words : Vacuum Circuit Breaker(1 & 3] 2 2}t 7]), Spring Design Parameter(A=3X & A 7| "1 4%), Least Square
Error(# 224 2 2}, Polynomial Function(th3H4 ¥<=), Multi-body Dynamics Program(“}& ] &%
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F, = contact force on the moving contact
g = gravity constant

I, =moment of inertia of the link

k = spring constant

]

I, = free length of the spring

m, =mass of the moving contact

(4

m, = mass of the follower
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T =kinetic energy

T, = friction torque acting on the rotational axis
V, =potential energy of the elastic spring

V, = potential energy by gravity

W™ = work done by nonconservative force

gi

6, = rotational angle of the link

= initial rotational angle of the link

¥ = sum of the square errors between the desired
and the calculated velocities
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Fig. 1 Spring design process in circuit breaker
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Fig. 2 Simple spring-actuated link mechanism with one
degree-of-freedom
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Fig. 3 Spring-actuated linkage of vacuum circuit breaker
for opening operation
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Fig. 4 Relation between desired angle and velocity

Table 1 Optimization of spring design parameters

Original Optimal

value value
k [N/mm] 14.59 25.82

/, [mm] 128 147

U [mm] 83 71.3

V [mm] 207 147

s [mm] 135 146

108

104 — Desired dynamics of follower

Foltower velocity [rad/s)
w0
a0

Simulation by Optimal values

83 02 0

002 004

006 008 04

Follower angle [rad)

Fig. 5 Dynamic characteristics of follower
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Table 2 Optimal Design results of opening spring

Iter. | Objective Stiffness Free
function (m/sec) length(mm)

0 1.72E9 50 100

1 2.70E7 57.07 151.8

2 1.55E7 57.65 148.2

3 1.47E7 57.52 148.9
JP S N
T Optimally designed i
g 25 — Desired :
E T 1
g 1.5} . :
Q | 1
5l / .
z |
$ o5 J i
> : ;
o R |
! .
O ]
] 0.005 0.01 0.015 0.02

Time (sec]

Fig. 8 Desired and optimal designed opening
characteristics of moving contact
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