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ABSTRACT

An air circuit breaker (ACB) is an electrical protection device that interrupts abnormal fault currents that result
from overloads or short circuits in a low-voltage power distribution line. The ACB consists of a main circuit part
for current flow, mechanism part for the opening and closing operation of movable conductors, and arc-extinguishing
part for arc extinction during the breaking operation. The driving mechanism of the ACB is a spring energy
charging type. The faster the contact opening speed of the movable conductors during the opening process, the better
the breaking performance. However, there is a disadvantage that the durability of mechanism decreases in inverse
proportion to the use of a spring capable of accumulating high energy to configure the breaking speed faster.
Therefore, to simultaneously satisfy the breaking performance and mechanical endurance of the ACB, its driving
mechanism must be optimized. In this study, a dynamic model of the ACB was developed using the
MDO(Mechanism Dynamics Option) module of CREO, which is widely used in multibody dynamics analysis. To
improve the opening velocity, the Taguchi design method was applied to optimize the design parameters of an ACB
with many linkages. In addition, to evaluate the improvement in the operating characteristics, the simulation and
experimental results were compared with the MDO model and improved prototype sample, respectively.
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Table 1 Levels of design parameters

Par. | Description of Factor Imt.lal Level 1| Level 2| Level 3
Design
A Free h_ength of contact 232 2310 | 2320 )
spring (La, mm)
p | Freclenetholopen )5 5600 | 5100 | 5200
spring (Ls, mm)
Length of moving contact
C g 23.6 |23.40 | 23.50 | 23.60
D Length of main shaft link 305 13050 | 3060 | 30.70
(Lh, mm)
Length of open spring
E Tl (5. min) 18 17.00 | 17.50 | 18.00
Friction coefficient
) 5 5
F of Main shaft (F) 0.05 | 010 | 0.05 | 0.01
Mass of moving part
G (M. kef) 2 190 | 2.00 | 2.10
a Height of contact point 20 | 1990 | 2000 | 20.10
(He, mm)
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Table 2 S/N Ratio Result in Orthogonal Table

Paramters Resulis| g
Han Ratio
A B c D E F ¢ | m Y
1 |23.10 (5000 |23.40 [3050 [17.00 | 010 | 190 [19.90 | 1684 | =453
2 |23.10 [5000 |23.50 [3060 [17.50 | 005 | 200 [2000 | 1610 | =413
3 2310 [50.00 |23.60 {3070 [18.00 | 0.01 | 210 [20.10 | 1479 | 340
4 |2310 [5100 |2340 [3050 [17.50 | 005 | 210 [2010 | 1503 | 3354

wn

2310 |51.00 |23.50 |3060 (1800 | 001 | 190 |1990 | 1476 338

6 |23.10 |51.00 {2360 |30.70 (1700 | 0.10 | 200 |20.00 | 1.663 442

-

2310 (52.00 [2340 (3060 |17.00 | 001 | 200 |20.10 | 1434 313

2310 (52.00 {2350 (30.70 |17.50 | 0.10 | 2.10 |19.90 | 1433 313

9 |23.10 |52.00 {2360 |30.50 (1800 | 005 | 190 |2000 | 1398 291

10 2320 |50.00 |23.40 |30.70 (1800 | 005 | 2.00 |1990 | 1506 -3.56

11 {2320 (50.00 |23.50 |30.50 (17.00 | 0.01 | 2.10 |20.00 | 1.763 493

12 12320 |50.00 |23.60 |30.60 (1750 | 0.10 | 190 |2010 | 1540 375

13 2320 |51.00 |23.40 |3060 (1800 | 0.10 | 2.10 (2000 | 1501 353

14 2320 |51.00 |23.50 |30.70 (1700 | 005 | 190 (2010 | 1591 -4.03

15 {2320 (51.00 |{23.60 |30.50 [17.50 | 0.01 | 2.00 |19.90 | 1.631 425

16 {2320 (52.00 |23.40 |30.70 [17.50 | 0.01 190 |20.00 | 1463 331

17 12320 |52.00 |23.50 |30.50 (18.00 | 0.10 | 2.00 |20.10 | 1479 -3.40

18 12320 |52.00 |23.60 |30.60 (17.00 | 0.05 | 2.10 |19.90 | 1.478 -3.39
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Table 3 Contribution Degree for Min. Opening Time

Levell | -32.6 | -24.3 | -21.6 | -23.6 |-24.4 | -22.8 | -21.9 | -22.2

Sum of
Vi = & g e 22 2 29 232
S/N ratio Level2 | -34.1 | -23.1 | -23.0 | -21.3 | -22.1 | -21.6 | -22.9 | -232
Level 3 -19.3 | -22.1 | -21.8 | -20.2 | -22.4 | -21.9 | -21.3
Levell | -3.6 | 4.0 | -3.6 | -39 | -41 | -3.8 | -3.7 | -3.7
S/N

ratio, |Level2| -3.8 | -39 | -3.8 | -36 | -3.7 | -3.6 | -3.8 | -3.9
Level

Level 3 3.2 | 3.7 | <36 | -34 | -3.7 | 3.7 | -35

MAX | -36 [ -32 | -36 | -36 | -34 | -36 | -37 | -35

SN
ratio

MIN | -3.8 | 40 | 3.8 | -39 | -41 | -38 | -38 | -39
1\::‘;' Gain | 0.18 | 0.84 | 024 | 0.37 | 0.71 |0.20 | 0.16 | 0.33

Contrib. Degree | 6.5% |31.2% | 8.8% |13.8% |26.3% | 7.3% | 6.0% |12.2%
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Fig. 6 S/N ratio diagram of each parameter

< & F Aok wEA] HA HA =27 A9 1
Z, BY 35E, Co 15E, DY 2%, EY 3¢
, Fol 255, GO| 1%, HO| 35502 Uey
ol Folug FAE 49 FEE s I
AR BEFHO R HAE AHESt FEE P

S 53ty Z=(S)E 15kl Table 40 JER)
%.1]:]_'[11][12]

ANy o

oo

1

§\]

n

_1
§=2u )

i=1



=
o
™
=
o
19
o
i
off
BN
)
o

D FEIAFEEE A A2, A9E

Table 4 Response Table for Means of Opening time

Factor B C D E H
1 1.597 1.515 1.576 1.602 1.535
Means| 2 1.561 1.559 1.506 1.53 1.566

3 1.447 1.532 1.523 1.473 1.501

delta 0.15 0.044 0.07 0.129 0.065

Rank 1 5 3 2 4
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