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Abstract: Breaking time is an important performance indicator of a circuit breaker. Thus, the operating mechanism of
the circuit breaker should be optimized for reducing the breaking time. The operating mechanism in a gas circuit
breaker is made up of several latches. Specifically, the geometry and relative positions of latches influence the dynamic
behaviors of the operating mechanism. In this study, a three-stage latch operating mechanism is analyzed on the basis of
the verified multibody dynamics model constructed using the MSC.ADAMS program. The relative positions and
lengths of latches are selected as design variables. The dominant design variables are selected by a design study.
Optimization is performed using a genetic algorithm (GA). The study results demonstrate that the performance of the
circuit breaker improves by about 22.5.
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Fig. 1 Operating Mechanism of a circuit breaker

= = [e)
o= Efs

21O
—

Open lever

Open J’spring

2nd Jatch

—
@» Translational @& Spherical
o @& Revolute @ Fixed
€@ Cylindrical
P

Fig. 2 Schematic diagram of a circuit breaker
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Table 1 The degree of freedom of a circuit breaker

item Number Coordinates
Body 22 6
Ground 1 -6
Revolute joint 10 -5
Cylindrical joint 4 -4
Spherical joint 3 -3
Translational joint 3 -5
Fixed joint 4 -6

12degrees of freedom
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Fig. 3 The direction of contact force between parts
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Fig. 4 The sequence of opening operation
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Table 2 Result of optimum design

Lower Optimal Upper

bound value bound
L, (mm) -2 15 15
L; (mm) -4 -3.5 2
L4 (mm) -3 5.0 10
A; (deg) -30 -28.5 5
Ay (deg) -30 -28.5 5
e
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Fig. 10 History of objective function
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Fig. 11 Optimum location and length of latch

Hrk Fig 9 &= ADAMS ¢} VisualDOC 9] <% &4
S Arer] &l 1hds] ZA|skskiT
VisualDOC & 2!
nE7IRke] HA s}
HA 3t LdagF &

3] 7 £ ¥ (Design of Experiments),
o), WRSEHY HAsE dY

2 st giek

43 GA S 0|88t MM Zu}
HomRoMs dzadr]e] ASAS

?lehA VisualDOC o] W HA s duels T

349l GA(Genetic Algorithm) ]85}tk GA =

T daElFoR ARAY ZskeA e g

1219

Fekd wdl2xA 1975 d & EW=(John Holland)ol
oaia EtE AT wujEat Bl S vEE S
A3 - 7Fssk BE g the] galo] 7153t
Ao duglFoREs HAdZA Alge] A3teit
GA o A&3 gy FERE, slE 3] s o
Aol ko] 7= 100, Hekzke] wAE Yehl=
WHES 1.00, SIS 0.10 o2 HAHESI T
HAME 2= ko] HA3re] FEAA S Fig
10 o] YeRiATh f#eke] =717} 100 €1 Aol =
15 He Azl Sl 5A437F a3 HAsEE
LEE5FITE Table 2 o= &3 AAAS] H A5k
HAS ALsels A9 ds"E ASAREY
MNAES e 7} Ao HAgs B
2" latch 7} A o] FEHI; HiE 5 FopA|aL
#H=5L dojHell whet deEix= dojulo] o) 2
latch ¢] A% A3FS + Aow BA M 39 |ach
wel Zol7k dojxom lach AFSIZES F7Hg
A7 Ut Fig 11 2 HAZLAAE HE89S A9

22719] g eI

5.8 2

—

9 golE Aol d@e Fr Adx: AAskith

O

AARA wWE TH SAS wAs] Sldl
dolidge] we Ay dAARWES  wWIs
sl REY siglvh 3mApdr]e] 22]Re
A
=<

A Gel el € 8
Rag Ba) 9] Aw

)

el A At
=4 7b FEE 5 e JAE
=EgeRA, AANss A4 5 itk =9
slzapd7]e] o] HEE V1] AbdA|zhe] opd
WA E o Aol AR FAAT
ohd  zzHEREe] FFAINS alEste] 2z
A3k aliAel  digk AaAgle] W& giE
7HA St

AQHAAE S deAeds szeadd
ADAMS ¢} HA3} 4 ZZ 132l VisuaDOC <]
AT RIS TASISITE slzakdr)eh 22wl
Aol AR e g dae]FoR GA &
AHgstel HAske FAElt H 48t lach 9
dolo} fAE AEsIe A, 27ms o] THSARE]
G5 Thgkon o] 22.5%2] A EAE vETh
w oEwdAE g2 HHAAe] ZddE Ed=
T olE AEF AFE o] Aol ded

i
(<3



1220 AR - R
% 7]
AT BEATEH A sl ol FolHsyT:
Anes
(References)

(1) Ahn, K.Y., 2000, “Dynamic Analysis and Design of
the Vacuum Circuit Breaker with a Spring-Actuated
Linkage and Cam Mechanism,” A4 Doctoral thesis of
KAIST, Korea, pp. 1~120.

(2) Jang, J. S., 2012, “Optimum Design of Spring Type
Vacuum Circuit Breaker by Using Multi-Body
Dynamics Techniques,” A Master’s Thesis of Pukyung
Univ., Korea, pp. 1~69.

(3) Choi, G S., 2013, “Study on the Performance
Improvement of Gas Circuit Breaker Using Multi-
Body Dynamics Analysis,” A Master’s Thesis of
Pukyung Univ., Korea, pp. 1~60.

(4) Ok, J. G, 2005, “Optimum Design of A Torsion-
Beam Suspension Mechanism Using ADAMS and

e

b

3

r (

VisualDOC,” A Master’s Thesis of Pukyung Univ.,
Korea, pp. 1~88.

(5) Yoo, W. S., Kim, S. O. and Sohn, J. H., 2007,
“Dynamic Analysis and Design of a High Voltage
Circuit Breaker with Spring Operating Mechanism,”
Journal of Mechanical Science and Technology, 21,
pp-2101~2107.

(6) Jung, S. P., Jun, K. J., Park, T. W. and Ahn, 1. C.,
2008, “An Optimum Design of a Gas Circuit Breaker
Using Design of Experiments,” Mechanics Based
Design of Structures and Machines, Vol.36, No.4,
pp-346~363.

(7) VR&D, 2010, “VisualDOC THEORY MANUAL
version 6.2.2,” pp.10~70.

(8) Jang, J. S., Sohn, J. H., Yoo, W. S. 20I11,
“Optimization of the Cam Profile of a Vacuum Circuit
Breaker by Using Multi-Body Dynamics,” Trans.
Korean Soc. Mech. Eng. A, Vol.35, No.7, pp.723~728.

(9) Kim, Y. G, Yoon, B. S. and Lee, S. B., 1997, “Meta
Heuristic,” Youngchi Culture publisher, pp.3~15.



