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Dynamic Analysis of Air Circuit Breaker with Spring-Actuated Linkage

K. Y. Ahn"(ElectroTechnology R & D Center, LGIS), B. H. Kwon', 1. S. Oh’",

Y. K. Yoon™" (Cheong-Ju Plant, LGIS), J. W. Choe’
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A dynamic model of air circuit breaker with a spring-actuated linkage is derived, and its validation for analysis and
design, particularly appropriateness for an analysis of high-speed motion behavior are checked through experiments. The
dynamic model is developed through the modeling process based on ADAMS and Pro/Engineer. The simulation resuits of
derived dynamic models for the rapid closing and opening operations are compared with actual responses using a high-speed
camera and investigated to validate their usefulness.

Key Words : Air circuit breaker (71 & 3| £ 2}7]), Spring-Actuated Linkage (22 =% %
1 g, High-speed camera (3145 71 2})

¥ 21), Dynamic Model (F 3

1. A8 e, A el AsiE A ohgn gol 3k
o & Ay WA, Brie] o3 Y ML
1% 3] Z2bck 7 (air circuit breaker: ACB): v @ el AZFH(main spring)?] ¢HFEHWA HAHE
Ao spdfel whel @ Hetaln F dgef o)y 7HE A7 i &7 AEib "deh o, 4
HEAAL V) AwAow A%E addts Mg 2 Xl (closing latch)E s Alsl ghsd wiql AL
ul BE7)v) i Hashe A)v|rjelvh edntygow ¢} 3& Ham)E FHE ’1*'3—’\]?4 n°ﬂ R
PR ol ddieliAl B ¢ A= g Zlgr)el Qe Fojol ddE YA oa o b F oMo
uisfa Ak gEkol 1w, HAF EY A=A HEE el olwl, 7}% H H(moving contactor)ir
Farxlp o Auzl 24e] JresteE 5o 539 89 H(fixing  contactor)ell  ® A sla, slojx
gt tﬂlﬂ ACB = 37 dsho] 500 v, ZAAH7} >3 (wipe spring)el shEEol FUE sigketAl
630 ~ 3200 A, A 65 kA ¢ HYe du HogM %31 A (closing operation)< gHg ¥l rh
Abgvl ool ek 2ol 2yl AHFECE 100 ojglgt Mol ¥ Aeer AT WX (rip
kA 7h4 E A ASF ACB o abdgge] AW latch)y® s Alabed, o= ¢ 7F #pd shelA o]l
&3y o i Aol rh #@ o sleji xxele]l Has& LEALch
ACB = 7] AEEE A ms el sk ubebA]  7bE el nAFYoerFY  FojEd
glatol, vl ¢l Wi ghHEofd AeLgfo] o x} 5 2Hopening operation)ol A it
dazlad sa7e WSS ARt o]2]§ ACB 2 % A1} F(operating mechan-
olg] gt A XL I E(spring-actuated) ¥I1E TE 7 ism)ell & }_‘?JEE-:_' HAgE FAY 53
st s 2 ARS MR HASEE T ms 1A A, FEAl wAEeE FEE Ao
el we RS SRR A & F 74 53 #E @2 B3 @igol &AL
e, AHe 2EHEAS uYs An¥y Wryell ofell dhd AlAZ M MA Wit
gl giEoz AHold 4 vk Aol glvh v g olen A4 HARY AE W AY
Fig. 1 & 2Z¥3% YAF 712 ACB 9 +2% 2 Q (trial and error)ol 9jsl B} wol A x o
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ey,

a5y AFE Y o]g3 Ao uwhel, o
hel BARE o]FoA AlA"H oid o EH
% 9 8t (multibody dynamics)®] 479} By o
A8 2 18 E(DADS, ADAMS 5)o] 7iutE gich
ol X2 aPe] =HO T HE ADINEY FF
gAY Zel EAdtE o 53 4L 2dHdn
AAe A @ HAZ] o)&3tEiE AFUL
T8 0jA gt} Root Westinghouse Type R 2
A F(vacuum) 7o) FF §@E HH3
8t7] sisked IMP (intergrated mechanisms program)
22 a3 AHgste RAYEArh Jobes® AU
(low voltage) B Z A ct7]ol} widto] A8l AxH
E2 o|FoA dAYEFY FE4E
Walser'® = SF6 7FX(gas) 32atd7ie] wre
98 ADAMS T2 8S A& st

(a) Front view

(b) Interior view

Fixing
Contactor

—

Moving
Contactor

Trip Lateh Shaft

Wipe Spring

duct
Closing Li h Conduttor

Main Spring

(c) Schematic diagram of operating mechanism
Fig. 1 Structure of air circuit breaker

B m=RdME WA ACB 9 £ AdEa
A7 flstel, s PdEs AZ2EIE ¥
b FEAAYUE FHEEo] ADAMS F
3ol FrEof vk En Yage] FF B4
QA ATy AN L 3 AW FY 2dF Z2 o
Pro/Engineer g AME-ste AlArs o] A A F

249 g4 E FFs7] SiEkd, n&Ftele

o 0?7 «'Ulm 11;0

7}.‘-.0_;._9.',1.1_1N

[

At S48,

(high-speed camera)& o] &3 3¢ HHY EY
B3 vagoel Ad, z2n £ A7 date]
¥ ACB = AZAAF7} 5000 A, AHAF7T 100 kKA
o] o},

2. B

ACB & 7|7 F983 EA4& E43r] 4¢
457492 ADAMS S} Pro/Engineer & 7|8lo 2 %
Fig. 2 9} Z& Z2 A4 Mo 23 /Meso] A, F
Edge] dast AL F4 u X g B
"é"ﬂ E}H‘l S Pro/Engmeer g 23 A
olgld HREL ADAMS B ALE§ 53
‘:"élgl 7“21_}01] 7] &7}t %“4. a2z AgEel o)
FAnde gddol vasaz ¥, AE AF
A B Y URNY R FHE Qo] o] g o]
bl AY" “i*ﬂ’ﬁ"ﬂ % wWAHIYE MY
S AATIE AL B ot HHE v
AUEE A S ‘?l‘*

Proper/Optimal
Database } — | Pro/Engineer Design
Parameter
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+ Graphics

!
ADAMS — /’. fc'lf/

Changing
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2

o
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+ Graphics Animation

Gremeno  orten. | ape
Characteristic Parameter

Fig. 2 Development process of dynamic model based
on ADAMS and Pro/Engineer

w3, AP FEAHUES T ACB
Ade ERIEAdE BAsY s F3¥ERLL
ADAMS & AM£3t9 Fig 3(a)9 ol 71E4e #
A2 A A P(ground), WAHAL 7tFHALE ET
g 18 /el BAERE FAEHIA urh 4A ACB
AAUZ e HAEL ol wolg g o] R3lo 3§
AERJIEZ M2 dhdxelx Qlvh upebs Hedol
MNogAole Ao Y £ eng 3 vy
& 2 Adez FASGY o714 ACB 9 Y E
{outer case)& XA 2 me st TEFAAUE
M 59 9 Ade] oA g AT e A%
%ll’} 9}0]3 /\SIPJ‘:‘O:. )\—lzsgz}o] Ana];z} %‘—3—
73 848 799 sk

agx ARPAY FAA dAsE e AA
DAY Atele] &, ¢F Fejg HEZ 53 2
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o] F ZAE Atold aALste Y& M=z FFo
E(hertz theory)ell A% vidyg ALy ARZ
571 299 sy ddE4E 430 #4%
FHRde 27184 Fig 3(b)} 2L, Fig. 3(a)
o 2dg e ¥, ADAMS 2 cfydeld
(animation)”] 5& ol 48ld A B} olw A
L2 aWE oj&¢ Fdofy dojAE vy B
Fojth

Q : Revolute joint between link and ground
@ : Revolute joint between adjacent links
(a) Dynamic model (initial state)

S
“

{b) Closed state (c) Opened state
Fig. 3 Dynamic model of ACB for closing and
opening operations

ACB 9 Zol a5y 2ZYEo] EYsA 2
gseo] £l ms 2 Ao B, AAUEF] $5
Ae #Aa7 98 HEFARA %7 2hhigh
speed camera)7t oFF o) AgE o] ATHY B o=
ol £4 ms 2 &FolE ACB & FEFHAUE

9 FEAE Ay dAd d¥BHEA, 1 2T
Huj 12000 B73 89 + Ux 2470 Thigh
speed camera)’t ArESo] Aty & ACB o FHE
dofld 3349 4 e NEFPY d4d5H8L u
Eotdiete B4 vluso] Ao, &8 AAE
AboloflA WASE ZEAALES B ZE(observation)dt
7l 4RAE AHEE 5 Uk

n&vbdiete] A A E Fig. 4@ Fol THIH
2k, 44 n&o8 AHYste ZLEEHY, #Y, 2
Uel Bo2 T4 Qlth gz #98 I
228 HYEMLEL Fig 40)% 2& A=
£ 21 % (image-processing program)& ©) £33t A E
gt A7ioA #AAoE #AY RRol FHEHA,
Fig. 4y ¥4 3 DA 7153 PY 58 33
gt A olct

(b) Image-processing program
Fig. 4 Experiment using high-speed motion

4. HENY N EUe 8B

Fig. S & ACB 9 %4 %“‘A | A HEY W
91 & ebdth o7)oM HM & Fig 4 o Zol 1
Hrtdlete B9 4L i%% 239 7tEEA
ol WoE etk o) Ade FARE A

ACB 9 ¥ $32) 71533 dde AY HAF
& woyFEth Fig 6 & Ay FEAlY slEAHe
WE ek 97N g Pl ¢Hs &
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fFArgE oF = ddh F,
medo] AAl ACB o £t 2t
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Fig. 5 Displacement of moving contact
during closing operation
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Fig. 6 Displacement of moving contact
during opening operation

4. 2E
s Pag s F Azadrie A

GRS L‘E“‘ﬂlr Yagd FHAYE
Fatzl ¥ FHEd FEAYG oldE FH

12 DAMS 9} Pro/Engineer & 7|¥Fo 2 Fyd
Z2AME F3o] A §|ii}‘&7]9} 5
del o 5‘% gA e iﬂﬂ 7178 d A<l
QaE Al obF B wtel wARE 34

o] %mﬂ.eiloﬂ A wdslel Ak gt
ot A% Aztet FARACl @ At A &
A wgth olzRE AA HzAwrlel £

9 agEge mde o ¥49 & Ul A%

=3

olg|E HA5E FHARYWE dAUEFY 4%E
AdAZIES g HTE AAEn, AtgFol
ohe FEatdrle] BAe A ALsHAH 3
c}.

HAEH
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