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Study on the performance improvement of gas circuit breaker using
multibody dynamics analysis

Gyu-Seok Choi

Department of Mechanical Engineering,
The-GraduateSchool,
Pukyong National University

Abstract

In this study, the operating performance, spring characteristics, and material
properties of a gas-insulated. cireuit  breaker~ were optimized using multibody
dynamics. The circuit breaker- consisted "of several latches and a cam. The
dynamics behavior of the latches was affected by the spring characteristics, as
well as by the materials and length of each latch. Our results indicated that the
motion of the latches was a key factor in determining the opening time of the
circuit breaker. A multibody model for the circuit breaker was developed and
verified by comparing simulated results with experimental data. The opening time

for the breaker was reduced by 1.7ms in the simulations.
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Azl el 227 F@2 Frameodl] 98] W7 AAE &dst7ld= 27k
st} kAR 7+ Latche] Y& 213 4 3lE= Holeo] 99oH, Holed
#o] YolER 3to] =AsgTh 18, 222 %}03??} AAE HERHAT 19,
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- AF 94 2012. 02. 16(13] &9), 2012. 03. 20(33] &%)

- &9 £ : 1,000 Frames/s

- Ad 373 : 3 2AE7] Casedl 9] 9 + A=

g
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o

T 27kl AA A@e skt o, 1xF AdelA = 7t Latch7 SAE 4 9
= Ao AlAEE i glstr] S AlRE AAledler, 54 7t
T3 - w7 Bl deid-dekskith. 3rd latchis Frameel o8|
5730l E7lsstglon, ‘Jr‘ﬂ?q Latch= S4°] 7ksstitt. 4o 7Hs3
T2 3 WA 2 AASA 23k Al 1A AlFlA A EAEE
Hetsta 5ol 7 %v‘i’*oﬂ afx 3 AP FRPToEN FL3
A7 YA gt 13, 235 22k A gl A 543k 94& YER
Atk 2t Latch®] 715 54 R w2 ol= AlfS Holetr] $leiA Tracking
FREE 7} Latchol| H2M3 M-S AREste] Yet@lrk. Tracking 291
Ee AsS 2487 98 ZAStE EQAEoH, A FEAES) AFIEAER
Uz & Atk B EJNEE= VIE0] He FJAEZXN 92 W3yl 4|
Bt ATENES SAsts EA0 EA6H A Hs7EdAgt g E
NEE 7|Fo 2 AEJEL] AH Al f1xo] six S AT &%
T SA3AY ¥ N EE ZEsle] 1,000Frames/s= 433l ZF Latch
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3.2. & Ad&a¥

7. 242 Solenoid®] AsS YERH X, S|ALolA  FA S
Solenoid ¥W9dlolg o]t} 3rd latch: Frameol 98] m&7MWetE A5 A A
= ¥otsh= Aol E7Fesi7] wliEel 3rd latchv WHAAM= A3

Solenoid WM H B2 3rd latche] ATAIHS yelsidith. XM=
Solenoid A%Eo] WA AlHo|A 2.4ms Fo 1 2349 7]&7|d W3}
7F A7 AL @A 4 o™ 3rd latch®t Contacte] 2HA3SE Al olt)
Solenoid7} &2} e]7] A|ZtelAA 3rd latch7F &40l Al 2.4msgh= A

% el & % v,

&5 Displacement of solenoid
7 = = b P ——— —— ———
Sal_stroke |

251

= 3% latchQ SS AR

= .
g 151
£ 4 Stroke Al &} \
(=]
€ 1.09
=t {

0.54

. 2.4ms

00— —— == : N ~

0.5+ - - —_— - — e e . . |

0.003 0:006 0.009 0.012 0.015

Timelsec)

%, 24 Solenoid ¥ =

a9, 25% 2nd latch® ASAIES YEFAAIL 2nd latchd AFAHL
Solenoid®] AEAIHOZRE oF 5ms o]Fo AEo] HAs= ZS &
T A Ist latch®] AEAIHE Solenoide] A&AIHOoZHEH ¢ 8ms ©]
<o 7%%01 A= AS S0 = glom, 79, 26+ 1st latch® AEA|

e HeERSIT
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Experiment(2nd latch)

25 1
— 2nd latch | ":
--- Solenoid J
125
QD
70 KN (S SRR [
E 0.0 A s Rt
by / 5ms /
=T
-1.25
Stroke A|ZHH 20 lateh A&
25
25.0 325 400 475 55.0
Time(ms)
3. 25 2nd latch®] AFAA
. Experiment(1lst latch)
3
— Solenoid // rl\
== 1stlatch == _— | ’4‘
!
151 e —_— &
g . ]
ACS P ol
o 00 e —r<
g) < r g
< / - 8ms / 7
151 Stroke ‘A| Xt = I 1stlatch -
. o . _—- dh T i
! !
30 . i
400 450 50.0 55.0 60.0
Time(ms)
3. 26 1st latchd ASAA
9. 272 Open lever®} 1st latch® AsAHI} vlwstA Tt As A Aol
Aol Hl=sitE AS gl & 4~ o) Ist latche] AFAIHL Solenoid

IS5

AEAHE 8mso]t}.

AFAHOZRE o 8ms o] Fo

aR=VAEEC)

A-so] s wiol] Open lever®]
Y3 o]f+ Open leverol] 2% o]

+ Impact letch™= 1st latch rollerE o531 o™ 1st latch® 7#-59]

WAy )=

=7t 1st latch rollere] 3]&o] 9Ja]4 Impact letch®}e] Contact
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o] Wol{ s slojgly] wWiel AFAHel BUsh 1y, 288 Open
levers] 7t wWaE vehilth Ade AQ4L stz 9814 Open
levers] 7He W8E 33 £4¢ delHE wusigon, Adye] ool
o]

omM E74o] AeA o Folhrk AS FAT & Urh

i

it

Experiment(1** latch, Open Lever)

= 1%latch
11— Open Lever

3251

Angle(deg)
bre
&
\‘
L]
]
\

%8 7 - . -

20 |
500 520 54.0 56.0 58.0

Time(ms)
%, 27 Open leverd AFA A

Angle of OPEN_LEVER

115.0

110.0:
105.0:
100.0

95.01

Angle
[Ted
o
(=]

-50.0 0.0 50.0 100.0 150.0 200.0 250.0 300.0
Time(ms)

3. 28 Open leverd Zt=wW 3}
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£ 9 ANES T 7 Latchd] ATAIAE

Al A5 A5 (ms)
Solenoid 3rd latch
3rd latch 2.4 .
Z2nd latch 5.0 2.6
1st latch 8.0 5.6
Open lever 8.0 5.6

¥ 9+ ZF Latch9 ASAIAS Solenoid®t 3rd latche] 7|22 YERA
t}. 2nd latchs= 3rd latch7& ©]|3% 2.6ms %o A&o] 2311, 1st latch
 5.6ms o] Fd ATl TAs= AS &dd 4 Y 1st latch®t Open

leveri= A&A do] A3l
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Al Aol de Hugds
4.1. A EHlA A

AlEH o] 9 step sizex= 0.001(2% 1,000Frame)®t 0.0001(%% 10,000
Frame)= 3}{ Y. A¥S 29 1,000Framel. 2 A 313 7] o] A&
I FAdd 2742 %% 1,000Frame® Al Ed#H o)A g o, Ass A%S

B4E 9aiA F7hH ez 29 10,000Frame® #4331tk 7+ Latche] A
FARE BARYOH, 3rd latchol AFAAL 1FoR ABNEL S5
it
Angle of 2nd latch
0.015 7 —— - = - —
0_0... .......
+0.0037 4 e -
@ | .;3rd-;a=cr.l L | \
g 5 ~=-2nd latch 1000 frame
g -0.022 4-2nd lalch'10000 frarmg 2jatch HSAIE \
g 6.2ms M
39 latch AS AIE A
-0.0413 4.5ms 3\
p)
' \
0.06 \‘
“0.102 0.104 0.106 0.108 0.11

Time {sec)

9. 29 2nd latch®] AFAIHMA EE 1)

9. 29 3rd latch# A 22 FH 2nd latch®] ASAZS HERNR
t}. 3rd latch Solenoid A& ©]% 4.5ms $° A-so] &A3H, 2nd latch
= 6.2msol WA} 3rd latch®] A S 7|22 AAkelA 1.7ms $o A
sol HAst= As A & gt
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Angle(deg)

Angle of 1st latch

W ————
| ==-10000 Frame
| — 1000 Frame |
1.5
0.0
A5 /
1 latch HSAE 2
9ms
-3.0
0.106 0.1075 0.108 0.1105 0.112
Time (sec)

a3, 30 1st latch®] ASAIHAEZE 0] A)

2%, 30 Ist latchel ABAAES el ZEel wasr zon),
o) 2=

9mso]F

latch®] A
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L O o
= Ae g4l

T

wj Fol 3rd latch®] 7]

She Al e

Angle (deg)

ey sty 2l BAs B 22 g9 3 & vk st

i s 4
FAA 2 Solenoid AEolF ZER7 WAE = 9ms Al F ol
< otk 18, 299 413rd latch® #EA|do] 4.5ms ©]7]
=
[e)

AlAS 7|28 AAFstE 1st latche Aso] A%

HJ?L' HEL

S 4.5mso|t}.

Angle of OPEN_Lever

20

0.875

—10000 Frame -
=-=-1000 Frame | | | ==
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025

-1.375
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Ims

2.5

0.105 0.1 0.115 0.12
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1%, 31 Open lever®] AFAIAMAREHOIA)
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Open lever:= Solenoid #E°]% 9mso] 7o HASATE o] A|H&
Ist latch ¢F FL7 AsA Aotk &3} #Zo] Open leverZt HolF= el
old] 1st latch7} &#o]7] wZol AsAHol sdsich. 9. 32& 7+
Latch®] A&AI Aol diafir e AT

Angle of each latch

10.0

3.04 2nd latch®] HEA|E  1st latchQF OPEN_Lever
_elrsuy
a R e . e e ——
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& % T el T e T e oy
[0] -4.0’ \\\\\\\
o) T
c | e
< 1 3rd latche| ASA|™ — R D . E————
A AF . e A e T SO ——
1.0 - ' Py
-18.0 T T .
0.1045 0.1084 0:1122 0.1161 0.12
Time (sec)

%Y. 32 Zr Latche] ASAIAAI & °1A)

¥. 10 Zt Latch®] ASAIAAIEH ]A)

7 H] Ald A5 A (ms)
3rd latch k
2nd latch 1.7
1st latch 4.5
Open lever 4.5

% 10& 7z} Latch7} ASAIES 3rd latchE 7|22 YelAd. 3rd
latche] A&A A o= 2nd latch™= 1.7ms ©|% A&so] WSty 1st latch®t
Open lever: 4.5ms ©]3o] Aol WA= AL 3Holst 4= 9t} 2nd

latch®} 1st latch Atole] As AL oF 2.8mso|t}.
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4.2. Opening AEA|A v

F. 11 AlEEolds} A g

A&l o] A (ms) Al (ms)
3rd latch . .
Z2nd latch 1.7 2.6
1st latch 4.5 5.6
Open lever 4.5 5.6

I 112 AsA el dish A4 AlEd el s Hluste] yeRd ot A
1} A B olHL oF ImsALE7 2Fol7F At e, 2nd latche} 1st
latchAkol 9] AEA A 3msEX AP Algd olido] Blsl3d T,
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I, 33 A AEFY 24 vl
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5.1. A =&4
5.1.1. Output levér-angle 117 %=

19, 34% output lever?] ZF=wW Ao tidk Frle] CaseE YERNSIT
Case 12 7|0 A+ AlF9 output leverZtiof disiA eSO,
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FRIE Ao we A FEs WA = AS Sl 4 9l a9, 36%
Caseol| W& A 7HS JEdTh 7]F 298 Caselo] Case2B.th xbgh
Alzko] ¥ #tom, 1.6ms AE wWe "=t o] AL 2ok Link 24
S Slider—-crank Mechanism®. 2 o] gl7] wj&of] =}o|7} A3t}

1= 34 Output leverd Z= ¥ 7

Force of Qutput-Lever

8.0E+005 —
= CASE T4, ™
7.0E+005 l ---CASE 2 ’

6.0E+005 i
5.0E+005
4.0E+005

3.0E+005 }l % Al gl
e 21140

1.0E+005 j
5 /

-1.0E+005
0.1

Force (newton)

—
(4)]
<=
@
Of3h
UK

L

0.125 0.15 0.175 0.2
Time (sec)

19, 35 Output leverdl A8+ force
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Displacement of dumy

700
—CASE 1
| ---CASE 2‘
55.0 CASE 1 CASE 2
E::o.o 31.9ms 33.4ms
;é': 250
100
00
50
00 005 01 0.1

Time (sec)

3%, 36 Output leverd] Z =W 7o wE 2}EA|7H

18, 37 Output lever®: EAHSIRS o] 53 YERil o™ Output
lever?] Zt=5 W7 Al B¥QIEE FA%E X o] A7 AEjoA 7]E9]
A A Case22 W73 Bodyle] (&o|7F oA, BERJIES] Ao o
I =

Case 1
| R
ARSER)

%Y. 37 Output lever 22

Case 2
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Case?2
Y
Casel

Step=1 Step=2
Step=3 N

29, 38 Slider-crank Mechanism A &-#o]A

<sdtoltl Z¥a7)7+= Link®d Zoldl ofelid B s oy olAS
glslr] fAsiA 9. 387 o] ADAMSo|A ZrekslAl | Slider-crank
Mechanism® 2 3sto] link Aol & Apo]& YEIYSITH IHAEEE 5
stA sk, 27| Arw RE" ) FAdSkA Casel 20°, Case2& 5°=
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5.1.2. Latch %A ®7 w7

¥ 12% 3rd latch® 2nd latch®] F-Alo] W& x}FghA] 7o)

t}. 3rd latch® #A7F 57}

oy
g

e gho] 713

e ul Aol WMy} MAEA okt 2nd latchs FAE #2dAS o 2
TA|gre] ZEasheE As 9 4 o, 1/3MY W oF 0.5ms A= 95
= At
. 12 FARA & ¥TE
SR = FA(kg) | A1%Hms) | “Opening/Closing
34l 0.36% 32.37
2 0.244 32.02
3rd latch " 0.122 31.75 4 3
1/23) 0.061 S
1/39) 0.040 31.74
31l 0.798 32:98
2 0.532 3241
2nd latch 7)1& 0.266 31.75 4%
1/2v) 0.133 31.38
1/3%) 0.088 31.27
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atch Spring for{w

2" latch Spring force

—

2939 2nd latch] AE 2

a9, 39+

latch= open _ = ol oA, 3] o] HAG
o). 1st latcholl o @A che] A2 WA= A4s
A 283 2nd latche) oAF+= g Agdsts do=

2-g-a} 7] 5401 ==
thA| 7ho] whEE T,



5.1.3. Spring Zo] ¥4 97 %-
@D 3rd latch spring 917 =

¥. 13 3rd latch spring o] ¥4 wE U7=

A 4 o] 2k A ZH(ms) Opening/Closing
40 31.42
42 31.45
44 31.55
46 31.64
48 31.67
3rd latch 50(71) 31.75 4%
. 31.87
54 31.93
56 32.05
58 32.18
60 32.21

3 132 3rd latche] 22X Zo] WA w2 WH=E vepldrh. 3rd
latch®] 228 k&) glom, ¢F%E ol ,=31.631lmm= 27|23
AolE AY &S 40mm=E WA AR FFEo] e Ao, hFHS 4
(Dez Artech

F=K(L-L,) (1)
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i)

o

3rd latche] 232 ® ZHol& #A &4F AdA|to] d=4¥r). 3rd latchy
a5l @ Eeg

28 3rd latch®] 7Asel Walsl= Yoz 2gelm A5 Zo|rt Zof
4; ot=&o] Z7}13}7) rcHToﬂ 3rd latche] #-&ol Wals i o7t &
452 gFeo z}ow:w Agl WalE HA F7] gl Aol
ZHr] o 0.3msHE WAk
Breaking time
. 3rd lateh spring length at preload
321
32.04
E31,9
E 31.81

Length{mmy)
3. 40 3rd latch spring length®] WA=

60.0

1%, 41 3rd latch spring® force W3k
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® 2nd latch spring 9174 %=

¥. 14 2nd latch spring Zo] ¥7d w& U=

A 4 o] 2k A ZHms) Opening/Closing
52 31.54
o4 31.57
56 31.64
58 31.71
2nd latch 60(Z1<5) 31.75 8%
62 31.87
64 3195
66 32.02
68 32.09

¥ 14% 2nd latche] A2 24_01 A e MAEE HERATE 2nd
latch®] 23X HH & =50 9 = Lyg=50.910mm= %7|/ ¢
ZolE 52mm=E WA= L%% FEjolth c1Hy 420 A dol7) Frold
5 AdyHoz A zgtol it AE 0S5 ok 1™, 432 2nd
latch spring®] force ®Wr&Fol YeEFUHRI S ™, 3rd latch spring®} #¢| Latch
o] ke wEFo R Flo] #galo] AxE Zo|rt FoldpE ¢hEH ol
ZbolA] 7] wjZoll Al TRo] @S 2ol 7k 52mm°1 o 2F 0.2ms7}
55 ok

_EL
r2
3
[t
()
o°
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Breaking time
2nd latch spring length at preload

321

-
320
319

Time (ms)
L)
(-]

AT
316
35 o'
50.0 55.0 ___,_--"" 600
e Length(mm)
4. 42 2nd latch spring length«]é\\

2" Jatch Spring force
1%, 43 2nd latch®] Aol #&3t= 3
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=1 74 3 =g
Curve®z 2433}

5.1.4. Latch parameter ¥4
2nd latch®} 3rd latch®] Contacte] WA= A M-S

7Fedt s stk 3rd latche

o™, 2nd latch roller+=

o

H=(Angle, Displacement)o] Wz} o] 9]
Spline 243} Circle curveZ o]g3sle] mdl
stAth 9. 448 CurveZ E@ 3 2nd latch

Circle curve® XEd¥

roller®} 3rd latchE YEFWA T

/‘.

A
A 2nd latch roller

1%, 44 3rd latch®} 2nd latch roller?

Curvex 9 &
Latch®] A3 AL 71F9 wdugy 987 a9t 7|1& wdgy
Curve ®@® e 7} Latch® Aol thalA Hlustglon, 7|&3 L3 A
Fo] o]Fojx = A& O™, 45904 &1 4 Qloh AHEAIIME 31.75ms=
7€} A3kt
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Angle (rad)

Angle (rad)

Angle (rad)

Angle of 3rd latch
Previous and Medified modeling

0.05

0.0

— Previous modeling
---Modified modeling

0.1031 0.1063 0.1094 0.1125
Time (sec)

(a)Angle of 3rd latch

Angle of 2nd latch
Previous and Modified modeling

-0.15 oo
i i

o F
-0.25 —I

0.3 4} el
-0.35 | =

0.1 01031 0.1063 0.1094 0.1125
Time (sec)
(b)Angle of 2nd latch
Angle of 1st latch
Previous and Modified modeling
0.05
— Previous modeling: N iy - . ] — ]
---Modified medeling

0.0 7 :
-0.05

0.1
0.15

0.2

0.1 0.1031 0.1063 0.1094 0.1125
Time (sec)

(c)Angle of 1st latch
a9, 45 7|€ 2dYI WY 2d¥y ¥

_46_



Latch®] dAle] WA3sL7] a4 Angle®t DisplacementE ©]-&3Fe] Latch
o YAWHACl shsstes  EER SRlen, %, 47 482 Angled
Displacement& ©]&-3}o] RITE 8=

(+)3fo 2 42 Ao zle] ©E ¥ 9lon Displacements (+)W3fo =
A I = B

PN

R e P e L i R e B Rl g B g
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Breaking time of angle change

Time (ms)

[x
e
(=]

3054

300
-10.0 5.0

0 100 15.0

| %p.??_!@lﬁ
o

1:!] 7

320

31.85
31.91

31.85-

Time(ms)

31.8

31.751

37
-10.0

15.0

mm)

13, 48 Displacemento] W& 917 %
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2nd latch spring< 8mm =%S w A E o)A
e 0.2 ~ 0.3ms7}F FFAsAT. F

o APE FTFPFO

A ¥

=
o= 0.2~0.3msA % st Al Ao A By oA Axrt k7]
g o

=
Zpol7b AR AL dstde AS & 7 JW. &, 156=

2 S s AlE el ol A 3}
AEARE AdElste]l VERAT 22y o] Zojek FAE ol HEARS

¥. 15 9% 43 A4 v

AlE-# o] A (ms) 2l ¥ (ms)
3rd latch spring ©}&(10mm) 0:3 0.5
2nd latch spring °©]¢+ (8mm) 0.2 0.2~0.3
2nd latch mass (Al) 0.5 0.2~0.3
2nd latch spring ©]¢+ (8mm)+
] 0.5 0.5
3rd latch spring ©]¢+ (10mm)
2nd latch mass (Al) 0.9 1.0
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5.2.2. VisualDOCS} ADAMSE] A

ADAMS(Automatic Dynamic Analysis of Mechanical System)9] TtHEA)
9%‘51 OH”O g H9E 2t oA ZRJEC 93] AZdH HE9 AF,
, 7HEE, ZQIE] Ml oy}

=
NAWEl ni AFE TE B G B A9 5o AHE 9L+ 2

| A]x=®"leo  7]F8H(Kinematic), A& (static), TAZ

(qua51 static)sl| 4] & o} g &9 dldo] g AREANE
7IA F-E TlekerA @A, AR, FEFA, AloRA, 2712 5 S
g g4 dele T gahd Ao,

VisualDOC+= ADAMSSF 2 Apg&x19] s g2 73S VisualDOCeF 14
sto] AAAAE 7V5e A st AZEYololt}h. VisualDOCE H A A A9 F
A

HAFE ZG A DO S FAH 22 1HE B A2
7 % gon DOTAA BLE 8 458 LeaAsishd ea GUIRA
A Aot 0] P 2ol VisuglnOC A AT A 17
FnEEow i yle) A4 dnds, AN, A DA @
2% Fol YEselglth elg o] VisualDOCe] vleka 447 o)
22 Abgstel ADAMSOIM w3y o /AN 29% ARAA} HrEs
AAFE o}F 8% A =R B Aol

VisualDOCE o F-zz a3 Bl ol g Josg & 4 s 822
S1E #H o] 2~ (Application program interface)E& A3t} VisualDOCE= W
o] VisualScriptgb:= QlE o]~ TRl AMeldlo gy A ZE 139
To A3 Foutx] k3 ARETREE ooyl S H(Response)o® AA
T AE Aygde JFrm 4 B2 o=t} VisualDOCSF 514 o]

ot N, 4z g%
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5.2.3. AHAA A3}

a9, 52 (AAAS 54%T A

(7

A 7o) H A 7Fo] H7Egl3k BH o 2 HAMHNAZE 519 t). Solenoid )
A AAFH Link7F a A& lA 66mm Lol A& bAF7MA] EEsh= ATt
o HAags EAFTE skt Algdo]ldE Sensorg ©]-&ste] Link7t b
A Floll meetd Alggoldo] HERE HASRN oW, Solenoid® & AF

< 0O.1secolt}. HA-g4= 2(2)9 o] YRSt

Objective func

Min[(A]E# o] A A ZHT) — Solenoid®] 7% A1 A (0.1sec))*1000]
Min[(T — 0.1)*1000] (2)
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51404 A% W= Y A¥yE nigor AAeE AAgssion,
S

3rd latch, 2nd latch®] spring 4|2} Angle, DisplacementE AAWITE
ATt E 16 2 AWM Boundarys YERW AT

f : o \-/” i:
Displacement AN

. 3rd latch

spring length

<— 2nd latch
N spring length

a3, 53 FFAAY AR A

%. 16 HHAA 9] AA¥ES Boundary

. . . Upper
Design variable Low bound | Initial value
Bound
Angle -10 0 15
Displacement -10 0 15
3rd latch spring length 40 50 60
2nd latch spring length 52 60 68
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® 2A%+

Opening*] Solenoid®} 3rd latch”} Contacte] o] Fo{X|#] ¢ <2 Opening
o] o]FofxH Qb Hrt. sARE oy kx| Fxo] 93fA  Contactlol
Opening®] °]Fo1#A]= pumping@’do]l A&7 wjiol pumpings 7] ¢
&4 Solenoid®} 3rd latch AFe]oll Contact force’} Ae wjwlk o] Fo] A %=

= 24952 s

-2,100<-Contact force-<_-400 (3)

a9, 54 HHAHA Y =A%
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5.2.4. ARAEA A=

5.2.3dA ol A%, AANMS, AdenS 7 HHAA
sttt HHsk sid= syl 9% AlEde]d2 Opening 4= AlEdH -l
stalth. VisualDOC®] GAS ol&ste] HAEAS v ¢ Tuxds
17l A2 ekl

Bl

3. 17 VisualDOC®] F5x7
CBATS el U AUA : le-4
e 2R3 S ol ek AR ¢ le-4
VisualDOC i —: —: | EH_ OEH_] -
£ < AAAS el i doiA : le-4
c ARG wRlol Y FEHA  le-4
- 2GRS gho] 5W WHEHE 45

Z19. 5590 VisualDOC® GAE 2 88ke] HAHA HAolA wejne Ft
o] A7)+ 100, Aol 0.1, wHfEo] 0.8, 0.9, 1.0d uj E-%# 349
W sk ak A (History) S =213
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315 N
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\ w
311 B
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Obijective function(ms)

~
301 e
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(a) crossover : 0.8
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Objective function(ms)

Objective function(ms)

317

314

311

30.8

30.5

302

300

318

316
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|,

ra

3 4 5

Iterations

(b) crossover 0.9

2 3

Iterations

(c)-crossover-+1.0

a3, 55 wuj&d wE 53 WA

¥. 18 @ulgo] WE BHAZ
Crossover 2 A] 7Hms)
1 1.5
0.9 1.7
0.8 1.6
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¥ 18 7} wHj&o] W uEw A7FS JeEhlg o, HHAHAAZ 483
Ad wrfEe] 0.89 wW= 1.6ms7F @HEJAL 0.99 W= 1.7ms, 1.0Y
= 1.5ms7F ©EFH AT walg&o] 0.8Y o 7Hg weo] dFHeH, V& A
CHA| TR vl A oF 4.9%7F etk E 19% 2 AAETel g H A%k

.

S YyEeRl e, 3rd latch spring 4do]& 42mm, 2nd latch spring Ao+
52.4mm= AF-Aol7l FolH o™, Angled (+)WaFo = 14.7°H 7 E R o,
Displacement® (-)W3Fo & 9 4mmeo]53ttt. 18, 56 HAAHAAE &
599 S w 2nd latch roller?} 3rd latch®] contact $1*& YERHSITE

X. 19 AANTFY HAAA 3

Design variable Optimum value
Angle 14 7
Displacement =9.4mm
3rd latch spring length 42mm
2nd/latch spring length 52.4mm

Z 2

9. 56 HHEAE T HBE AA
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-1 ot REPsE W 71Eol Blel Zb Latche F717F 0.01kg
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