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Design of a Spring-Actuated Linkage for Specified Dynamic Responses

K.Y.Ahn',S.S. Cho', W. J. Park” and S. H. Kim

Energy Method(oll Y1 A 5 9), Precision Point(Z % 4), Least Square Error(# & 7}H5
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. Because the opening dynamics of electric contacts is
determined by such a linkage system, 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 a mechanism, a systematic design procedure of determining the
spring design parameters is presented. The proposed procedure is applied to the design of an opening spring
for satisfying the specified opening characteristics.
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Fig. 1 Simple spring-actuated link mechanism with one
degree-of-freedom

Fig. 1 oA Z7]4XollA] 129
gzt sHs weol Az g o g
A2 gt 2k

V(@,)+V,(6,)-V.(0)-V (6)+W"(8)

—(T(6,)-T(6,))=0, i=1,2,3,...

o 7] of] A

1 [U —(scosb, —tsind,)]
Vc(gi):—k -
2 +[V —(ssin@, +tcos8)}

& 9A7A
SEREIE

(3)

V.(6,)=mgesing,, T(a,):%a) 62

W"(@)=T,(0,-6,), i=0,1,2,3,..
kob [, 3ol a(stiffness) T 2 o) (free
lengthyS e, 1, = P39 Ao g
e dxqd zgste

BEEAES, T, R E 3
2 Yepdch

A 2@l A= oo & AMA WEE 22
el (k)% ARAN(L), 2XF & Bl
A28 P2 99 F B o AX(s,0), 2TH ¢

g

Eo] AzZE AW 99 A A 9o AU, V)HE
A F 6 A7 "ok olEd 6 Y AANTE
Ex)ojof & HA9 Az gigt HHEEe A
RERE AAYH A9, & 271Hd 6,2 4,8

S

-477-



A3yl 2o BAY o NY A WpE
& Fai7] Yalde, 94 #gae eyEHeE 4
2t o g THoRREH 2713(6,, 6,)%
Ege n+l A FHAZIH £xo] gk AARA
(precision point)& F&=th UE AG3)E FH n+l
Mo AARHoz F4d n Y vy wAA
(nonlinear equatlon)a “‘3 "o & 228 A
Hoz #FEg W A Afdolg T3]

AsiMe 3744 ﬁzizégg FAE 2709 vy
BS99 "o 2y Falo g &Y 6
M F, A9 AFHE A 449 UFEL
A B (free choice)¥ 7t HEZ shset &9
TE o vF ESAsHA "o vk o Ay A
T fAUEY A AdzA Rl g8 9
2T go] Addch wepA] 2Ty ol A
(s, U, VYE E o AAHAY, 52 2 )
ol AFE 4 U}

e Fole A WHe dgd 2yFes
TAE WA A4S Newton-Raphson WHO=Z
ﬁﬂ(‘iﬂj?ﬂ HyE ke Aol ofrjdiA A 7
Aol AAHAET 6 s wAYW S o} 85t
2E AHA ®es ZAAY 4 A zEy
Newton -Raphson "}H& o] &d 73%, A5 soF |

Tt BE o 288 7] Y9 27|xE HA
5}5 Aol ol ojgoh oy dwbEl AL g
37179 g4 2 Al (synthesis problem)f’ﬂ/ﬂ Hf 4
AR = ARYY Y= A2UArY H
9 ol xnk M A 7HT7} 0}” = '5}17}
T5t717F A AEE AAZE 5 A oz A
ghefo] AME AT o AR AtolojAME o0&
7F A 713 Jhsdol o Algtzo] ity
 Afde 2 Agol of€gl)

B w=EdAE 4 ) o3 AR A HARS
£ Toted defME AWA ‘do”ﬂ?l 2R 4
(precision point) ¥R FHA Yoz Hi
2% @ Ah(least square error) WS AM&3519 T H
s WYL dolE e o Aghs ¥z
R AFEAE TF17F Folgk W, o 0\‘37‘*

7Bt

ol Adf 38 AAF FE HE

2

2

2

ml

e

fr

r I

HArsle £ Yoln H(zer) & VS &

1‘
il
rlo
3

EICEE R
58 4, o, oW AARE U AE)

o
L
op
o
2
L

>
2
e
=3

s A HRA FEE 9/ =
g, T &£ AF O A(square  error)i

@, -0,y 0 =Hr, ARRS N A dgsgnn

shel 1 AA AL eake te A# g
N

¥, =Y (6,-6) )
)=
slel AE Hast SEF 2z Ao
AfAo], axdgel dARE S HFAH
A" da49 £5 544 7bg 2AkeHA £
st 2ZygTE dA7YEE €A g9 & =8
dlA A@)E oldatd 2TH RE HA W
8 HHgsy) A8 AFE Simplex WEE A
B3l o
4. HME 3 siAA@t

Fig. 2 & 9357} 40kA & 1332 &07] 9
e 97 2TYPE YI37)FE e
e (movmg contact)o] 317 A Z(fixed contact)
o Bl 2719 A dele] g A=A £
9 o, F5H(follower)d] 37 g, 9 I:HG]- o
3 oA e A5yek 2t of 7oA 339 THE
A3 TE o disl ddes Add 2 MY A
gases ggu AFL79 thr]Abelo) F4-a)
= AdEzs agEo 2.

V(8 +V (8,)-V.(8)-V (0)+W"(8)

~(T6,)-TE,))=0,i=12.3,...

o] 7] A

2
U- 0, —tsind)]’
v.0,) =k [ (scos@, —tsing,)] Z _l,
+[V —(ssin b, +tcosb,)]

(&)

Vo (0)=m,gC,sin(y+8,)+m,gC_ sin(¢+0,)
7(6,) :%10 2 +—§-mc(a’cos¢9,9.)2

W™ (0,)=3F, d(sing, -sin6,) w=4LC,08 ,
¢=LC.OB, i=0,1,23,..

= LD
Foe ABRE f4ste AuEs u
7l A go) @ dEA aiel
1o}

SR

LU N

&r‘z
o B

-478-



A(U,LYV)
Fixed .
/ contact ¢ Op;nmg
. spring
Moving
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Follower

Fig. 2 Spring-actuated linkage of vacuum circuit
breaker for opening operation
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Fig. 5 Relation between desired angle and velocity
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(I, +3m (dcos®))0 =2k (I'1,)cos(x - p)x
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Table. 1 Design results of opening spring

Original 3 Precision Least square error
value points (6 points)
k (Nmm]| 1459 2644 25.82
I, {mm] 128 186 147
U [mm] 83 71.3
V [mm] 207 147
s [mm] 135 146

108
10 6[

104} — Desired characteristics
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Fig. 6 Design results using 3 precison points
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Fig. 7 Design results using least square error (6 points)
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