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Dynamic Behavior of Vacuum Circuit Breaker
with Permanent Magnetic Actuator

Lyun Yu, Young Geun Kim, Sung Ho Lee and Hae Yong Cho
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Abstract

A vacuum circuit breaker (VCB) with permanent magnet actuator (PMA) has been studied in this
study. Electromagnetic field analysis and dynamic simulations have been carried out for optimal design
of VCB by using commercial software Maxwell and ADAMS. This simulation model can be an
effective method for the VCB, which has non-linear output force of PMA, friction, and impact for
operations. An experiment has been conducted to evaluate correctness of the simulated model. By using
this evaluated model, the displacement and velocity characteristics of the VCB have been simulated
with following conditions : (1) The different output forces of PMA have been applied, (2) The friction
conditions in follow lever shaft and moving part have been changed, (3) The mass conditions of
moving part have been changed. The simulated results shows that the velocity characteristics are mainly
determined by the output force of PMA. The effects due to the changes of friction conditions against
the dynamic characteristics was small, and the mass conditions of the moving parts affect the velocity
and a bouncing phenomenon of VCB. From these results, the optimal design conditions for the VCB
have been derived.
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Fig. 1 Structure of PMA vacuum circuit breaker
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Fig. 2 Simulation model using ADAMS
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Table 1 Parameters of rigid bodies in PMA vacuum

circiut breaker

Moment of inertia (kg-mm®)
Wy

Ixx | Iyy | Izz | Ixy | Iyz Izx

225|152 | 1.02
Plunger) 697 | 10t | x10t a0t = | ~ | °
Follow 558 804 | 151 | 6.61 _ _ _
lever | ™ | X10'| X10* [ X120
. 223. 223.
Link2 | 02 63 8.14 7 -
Move 3.13 31 | -5.34 80
pat | 4% | xa0t| 420 | 08| a2 | 77 | a0
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Fig. 4 Experimental equipment for the measurement
of displacement and velocity of moving part

(a) PMA125 model
(simulation #1)

Fig. 5 Structural comparison of different types of PMA
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Table 2 Comparison of specification of permanent

magnet
Magnetic Properties
Max Energy | Residual .. Intrinsic
product | Induction Cf(wc““n‘g Coercivity
BHuma(k)/m®) | B{mT) Hei(kA/m)
ND38 300 1250 960 1190
ND42 340 1310 1010 1190

222 PMA &% s}

Fig. 5% FT7AMY Z3r]e &8 uigd 3
M ZEe] g YA 7€ A RLFG o]FA
g 2 7N FFHFES WA 27kR 9 23
7] A =4S Jehdo, Table 2= HEH A+
A e AtgE Hlaste] JeERfiY 71E Y
2dd Fgd 237]7 Fig. 59 (@F, F724
ND38& HE3l1m olFAY o|FAYE 23mmE
e Fxol. o4 HEo bELL FTFAA
< adE fA43tn o)F A9 ZHolE 2mm £
A o)FAYE 25mmrt HEE P2 AAAUC
©E2L A7|g HAEHDxr} ND3gol H|EH
oF 5% F713 ¢S 2= ND2E 47AAME A
313, ojE e olFATE 22mmE ZHEE 3§
Ak (29 GEEY HuE Filo o)jFAY o]
EAY A g dge EAdtL, @ RE
H g T3t FFAA e LAz B9 J&F



(a) Brass bush

(b) Ball bearing

Fig. 6 Comparison of friction conditions in follow
lever shaft
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Fig. 7 Comparison of friction models in moving
conductor part
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Table 3 Friction coefficient in the follow Ilever
shaft and move contact

Friction coefficient | Friction coefficient

of follow lever shaft| of move contact

Hs Mk Hs Mk
simulation #1 05 04 0.7 057
simulation #4| 0.01 0.003 0.7 057
simulation #| 05 04 0.34 0.16

Y1 moving part Move conductor

VI moving part|Move conductor | Insulation rod Total
mass 155 kg 1.25 kg 1.22 4.02 kg

Fig. 8 Structure and mass properties of moving
part of PMA circuit breaker
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(a) Move conductor (b} Move conductor small {c¢) Move dummy ring
(simulation #1) (simulation #6) (simulation #7)

Move conductor | Move conductor small | Move dummy ring
mass 1.25 kg 0.725 kg 0.502 kg

Fig. 9 Comparison of design and mass properties
for simulation of mass effect
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Fig. 10 Comparison of simulated and experimental
displacement of moving part

Table 4 Comparison of mechanical specification of
simulated and experimental result
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