common

O N § E.E B

@creative

MEARA-HAZA 2.0 [{FHN S

o Ol HEES SH, =, 85, 84, 83 2 822 = JSLIL
o 0 HEES 2ol SH2Z NIEE = 2AsUCE

CS3 &2 2 AS MA0r gk

AFARAMN. FTi= A HSAE EATHADE ZLICH

s Flot=, 0l AS=2 OIS0l 22 25, 0] A=EH HEE NEASEAS 2

ZH5EH LHEEHH M OF EHLICE
o AEAHM=SH SE2 AMNE B28 Mgzt 24 5= BE5A BsLICH

AEAYN 02 012X Ad= A% HWEN Zloll] 335 EA SFSLULL

0lZ12 D& H 2 Llegal Code)S Olaat?| & H 228 2IRILICH

Disclaimer &5

Collection



http://creativecommons.org/licenses/by-nd/2.0/kr/legalcode
http://creativecommons.org/licenses/disclaimer-popup?lang=kr

9 = E

3h
5)

A A}

.
3 g

o

T

2

2008

Ho
va

X
o

A s 7] A

% it

°]



4 Ak 9 =

oF
<1

B

P3| = A7) 9]

o
H

al

4

-
E
14

]

o

g

2

2008

Ho
va

X
Tor

A s 7] A

s Tt

°]



o

T

2

2008%

T
o}

[=nd
fovt

ol
~L

;O_l
Ho

N

F 2 A

B

V2e]

4

il
o

Ho



ADSETACE #+++++ssesesessssesesssssssssstss et sttt st ss bbb 1
Al 1 A A B o 3
1.1 AT HETZ oo 3
1.2 T EA @ B9 7

A 2 A BB RFEET] e 8
2.1 B8 AE7] O] T e 8
29 2328 ZAI|ZE JFA BB ZFET] e 10

A 3 A AT BRI EH ALl 13
31 AT A ALS] Ll S 13
311 A AL e 13
3.1.2 T A AJE] e 18

3.2 R =M ATR . ............ 0 27
3.2.1 A8 AR TEA] e 28
3.2.2 N ORI Thaerrrer o B Wy 34
A4 A 2= ZAZ)] BdE e, 38
4.1 ZAT] EEE] 38
42 v/‘_\_v\:‘_L_ﬂo EI_THE]% ............................................................... 40
421 /ﬂ?‘%} EI_THE] ................................................................ 40
422 Xé@}/],g_ EI_THE] ........................................................ 41
493 BREFTE T E s 49
A5 F ZR7] EAQ AFT ALY H I e 46
5.1 AA A ETF FIA] H] AL eeverreeesseeeessssmsssssessssssssssesssnens 46
5.2 A A F I FJA] H]IL crerrereereeemernneenesees 47
5.3 227] B AT FJA] BT e 49



o2

o4




List of Table and Figures

Table 3. 1 Specification Of SPrig -+ ww-sressseersssrrmssssrrissisrriss s 14
Table 3. 2 Specification Of Static teSter -« - wmssrrmssrrmmssssrisssiiensiees 16
Table 3. 3 Specification of dynamic tester - wwssermssrrsssrmssnrisineiese: 19
Table 3. 4 Specification of dynamic test =« rrwsrrssremsirrssssnssneiene: 20
Table 3. 5 Specification of release test Setup - --wwssserssssrssssrssssrsssneieas 30
Table 3. 6 Specification Of LVDT wsereesssreeesssssmmssssrerisssinsisssrinis s 34
Table 4. 1 Modeling data Of SPring - --swressseeesssrrsmsssissssreissrieseens 41
Table 4. 2 Natural frequencies for the Spring - -wwssewssermsssrsssreinse: 43
Table 4. 3 Parameter of €quAation(4.3, 4.4) - reesmrsssssrississssissneieses 45
Table 5. 1 Comparison of error of each model with experiment -+« 48
Table 5. 2 Comparison Of felease time - sreesoremsssisssmsmssssisnsineses 50
Table 5. 3 Comparison of simulation CPU time -« woeoeeorerrrmreeseeeeeeees 50
Fig. 1. 1 Amount of power transmission(1998~ 2005) «----+--eeverererereneeene 3
Fig. 1. 2 COil SPHIE LYPeS -++rrresseertessressssssermsissiotis et 6
Fig. 2. 1 Oil pressure type circuit breaker -, 8
Fig. 2. 2 Air pressure type Circuit bBreaker s wssersssermssrrssisrinsssinnas. 9
Fig. 2. 3 Spring force type pressure circuit breaker -«-::-serweerereeeseeee 9
Fig. 2. 4 145 kV high voltage circuit breaker -+ wrsssrmmssrmsesreinans. 11
Fig. 2. 5 Spring operating mechanism (SOM) «+-wsewssrossrmsssisssissssnnnss. 11
Fig. 2. 6 Schematic diagram of @ SOM wsrwseresssrrssssrmmsssmsssssisisscnissinnae. 12
Fig. 3. 1 SPring CONFIGUIALION «-r-rseeessseresssserrsssnrssssssrrisssscsiss s 13
Fig. 3. 2 Jig fOr StAtic fest - rwrrsrrrssrressssmsrrmssinsssssnsiissss i 15
Fig. 3. 3 Static tester(UH-F100a) w-swrresssreessssremssmsmsmssnrississsiisssisisnens 16
Fig. 3. 4 Deformed shape at several time Step - - wseessrmssseosseesssninsss 16
Fig. 3. 5 Static teSt TESULL -wrrrsssrerssserrrsssssrrmsssss s 17



Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

3.10
3.11
3.12
3.13
3.14
3.15
3.16
3.17
3.18
3.19
3.20
3.21
3.22
3.23
3.24
3.25
3.26
3.27
4.1
4.2
4.3
4. 4
4.5

Dynamic Loy 1o SRR TR P PP P PP PP PO PP PPPOPEP PRI 18
EXCitatiOn input proﬁle ............................................................... 20
Vertical dynamic LESLET wererrerrerrrrmrrm ettt 21
Spring force according to amplitude change «-«««--«eoeeeereeeeee 21
Spring force according to frequency change «««««e-wemeeeereeeees 22
HOriZOntal dynamic tester and set up ....................................... 23
Spring Jlg fOr hOriZOntal dynamic [ 1or] ARRREER TP P PP P P PP PPPPEPPOPIPTRY 24
FiXed Jlg fOr hOriZOntal dynamic LESE rrerrerrrr e 26
HOriZOntal and Vertical Spring forces ........................................ 27
Test bed to measure release mOtiOn ......................................... 29
Compression and release ProCEss w«: -« wwsesiurierserseuminnucences 29
Experimental Setup fOr the release TESE srevnr e 31
ngh Speed (6720 10150 ©2 R R T T TP TP P PO PO R PP POPT O 31
LVDT™in' el AE focierry T e 32
Motor” diiver &8 SCBE6S - ... [ . L 33
SChematiC diagram Of release FESE s rerrrrerre e 33
LabVIEW program fOr release TS srerrrrer et 33
I VD Tt .- B ARS St 34
Configuration of 200 mm COMPIESSION fESt «+wwwerererrrsreeeeeee 35
Tracking pOint .............................................................................. 35
Horizontal displacement of tracking point in release test - 36
Position of tracking point in release test «w:werreereerermemeeeees 37
Assembly Of the LESLET v rrerrrerrorrmrrre s een ettt 39
Release test model fOr Simulati()n ............................................. 40
Part Of FEM model Of Spring ................................................... 41
Real eigenvalues Of Spring model ............................................. 43
Mode Shapes ................................................................................. 44

_iv_



Fig.
Fig.
Fig.
Fig.

Fig.

. 1 Statlc test model fOI’ Simulati()n ................................................ 46
. 2 Statlc test result ........................................................................... 47
. 3 Comparison of spring forces under the horizontal excitation 48
. 4 Displacement of the end point(100 mm) +weeeeressesesseseeeenen: 51

. 5 Displacement Of the end p01nt(150 mm) ................................. 51



Analysis and Experiment of Spring Operating Mechanism for

Dynamic Performance Prediction of a High Voltage Circuit Breaker

Seung-kyu Lee

Department of Mechanical Engineering, The Graduate School.

Pukyong National University

Abstract

Since the performance of the circuit breaker mainly depends on the
spring operating mechanism, an analysis of the spring operating
mechanism is required for advanced designs. The spring, especially the
closing spring, stores the deformation energy due to compression and
then accelerates the load rapidly within the circuit breaker. To carry
out a Kkinematic and dynamic analysis of the circuit breaker. An
accurate modeling of the spring behavior is required.

In this thesis, the static stiffness of the spring was captured by
using a material testing machine. Sine-wave excitation tests based on
several amplitudes were performed to find out the spring
characteristics. Then, The test results were used to make the spring
model for the computer simulation.

Three types of spring models such as a linear spring model, a modal
spring model, and a nodal spring model were made and compared to

the experimental results. Numerical results were also compared to the

_Vi_



experimental results, according to the numerical accuracy and
efficiency.

In this thesis, a simple mechanism similar to the spring operating
mechanism was designed to generate the release motion of the spring.
A high speed camera was used to capture the behavior of the spring.
The release simulation results were compared to the experimental
results. Finally, a circuit breaker simulation was carried out to

compare the performances of the spring models.

Keywords : Circuit Breaker(3] 22 t+7]), Spring Operating Mechanism(2~2 &
Z77]), Modal Analysis(E=3al4]), Flexible Multibody Dynamics(€H43 t} & A 5
9 ¢}), High Speed Camera(als 7hd] )
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Fig. 2.5 Spring operating mechanism (SOM).



Arm Contactor [E Stopper

Closing Latch

Opening Spring

Link A

<

Dashpot

Closing Spring

Fig. 2.6 Schematic diagram of a SOM.

_10_




o0

0
uir

n0
H
<

& AE

3.1.1

}Ath. Fig.

S

B

o

3.1%} Table 3.1°] ¥ A+

LHERH AT

[ei=

Z

39

il
~N
‘mwo
)
{]

g

o =24

A2 °]7F 629 mmo]aL, 9|4 ]

Fig. 3.1 Spring configuration.

11



Table 3.1 Specification of spring

Out diameter (D1) 133.5 [mm]
Inner diameter (D2) 102.5 [mm]
Mean diameter (D) 118 [mm)]
Diameter of wire (d) 15.5 [mm]
Free length (L) 629 [mm]
Wind direction CCwW
Active number of turns 16

Fig. 3.391 UEld A4 A& 7 (UH-FI00A)7} == 9] #HAS ZA3 7
e AFEE AT 18]l Table 3.20] s A BAF 79 ALYS YERA
o vt AE A7 AAYS B HdielE 2 100 tono] L H o S
250 mmo] T},

A Al AdEH ez 200 mme] WS 10 mm/min®] HREE A
goll 7hetdar, ojuwjo] xx o] weje} ~xYHg FA3T
now, 2l £

vk 10 7ke]
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Fig. 3.2 Jig for

static test.

_13_



Table 3.2 Specification of static tester

Company Shimadzu (Japan)
Model UH-F100A
Max. load 100 [ton]
Max. displacement 250 [mm]
Measurement data Force, Displacement

Fig. 3.3 Static tester (UH-F100A).

(c) 200 mm

Fig. 3.4 Deformed shape at several time step.
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Fig. 3.5 Static test result.
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Table 3.3 Specification of dynamic tester

Company MTS (USA)
Model Model 244.31 Hydraulic Actuator
Max. Dynamic force 25 [kN]
Max. Static force 37.5 [kN]
Max. Dynamic length 250 [mm]
Data acquisition rate over 6.0 [kHz]

T4 APEE AxZES 150% FoF 100 mm 7FAE & 60% EoF AHA
B S A3 FA Al TH(keeping time)S 7FAHTH Z7] 100 mmE 453 o]

e 2 A7 ARgHs 2xdo] 2xdzRr]d A9 9 100 mm
7b 27 gEHol 2AH7] @Een. 27 ¥ Ao EuE
Z & 747h 20, 40, 60 3 80 mmE ®EFOjZRM ~= S JhESdTh Fig.
3701 A Aol AbgE 7Rkl ) s Sz e eIt 28
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Displacement

‘;’Ei’i Tirne
" {
b
e e o
Fig. 3.7 Excitation input profile.
Table 3.4 Specification of dynamic test
Parameters Values
Preload displacement (a) 100 [mm]
Amplitude (b) 20, 40, 60, 80 [mm]
Preload setting time(c) 150 [sec]
Keeping time (d) 60 [sec]

F Foes 71 Ao met mAEg oy, FFof mEg s
|st7] flste] 7k F3k4 0.1 Hze 3522 34t
Fig. 390 A &@Z43= el on, 4 Az 2xgde A5
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Force (N)

Fig. 3.8 Vertical dynamic tester.

- ; - : . .
4000 : : . ; : :
e A : i Preloa : :
---.: ------- LT 6"?------'—-- - R - -»-----1-_-----:---
3000 ¢ : : : ; ;
2500 | :
2000 -}
1500 : : :
L O VL <m0 LU O ——80mm |-
10004 | ——60mm |
o e periaseanananes —— 40mm E.
5004 i ——20mm |
----E ------------- TR Sl Dl e Frreeeqeeeie- E_..
0 : 1 I Ll Ll l : 1 I :

; ; ; ; — ' ;
0 20 40 60 80 100 120 140 160 180
Displacement (mm)

Fig. 3.9 Spring force according to amplitude change.

(exciting frequency is fixed as 0.1 Hz)
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(b) Ratch and motor in test bed

Fig. 3.15 Test bed to measure release motion.
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Fig. 3.16 Compression and release process.
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Table 3.5¢ 232 W& AFAXe] HAE UEUWASH Fig. 3.17°]
2z WE AR AAHA S YERRIT 2z AFe
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Table 3.5 Specification of release test setup

Parameters Values
Compression displacement 100, 150 [mm]
Control of compression value NI/LabVIEW
Type of release Air pressure
High speed camera 1000 [fps]
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(b) LabVIEW program and computer

Fig. 3.17 Experimental setup for the release test.

Fig. 3.18 High speed camera.
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Fig. 3.19 LVDT in release tester.
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Fig. 3.20 Motor driver and SCB-68.

MOTOR|*
SPRING
-l:EI:-I DRIVER
dt b
—{ LvDT | ‘J :
COM
3 L—_ l_ - |
9.f SCB-68 .
C

Fig. 3.21 Schematic diagram of release test.

\

<o D> G0 > om
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Fig. 3.22 LabVIEW program for release test.
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Fig. 3.19914 WMM = ~Zw] Zoko] MYE A3 =1, Fig3.23
of MM E YeERHR I Table 3.6°1 WAl FAZS e AL

Fig. 3.23 LVDT (Linear

Variable Differential Transformer).

Table 3.6 Specification of LVDT

Model =0 150=S
Useful electrical stroke 150 [mm]
Independent linearity +0.05 [%]
Displacement speed <10 [m/s]
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Fig. 3.27 Position of tracking point in release test.
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Fig. 4.1 Assembly of the testing.
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Fig. 4.2 Release test model for simulation.
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Table 4.1 Modeling data of spring

Number of nodal points 37316
Number of elements 31042
Total degree of freedom 223914
Young's modulus 2.1et5 [N/rnrnz]
Poisson's ratio 0.3
Density 7.8¢-9 [kg/mm’]
Number of turn 17.5
Mean coil radius 59 [mm)]
Radius of wire 7.75 [mm]

423 2EXHE 24

A3t M A8Z=Z T2 RecurDyng ©] &3}t =S o] 83
A A S f18iA MSC/Patranoll A *.bdf 35 A e 0, *bdfat
21> MSC/Nastran®] W AAA  *pchapdo] AFJHAT, FHFHo=
RecurDynol| Al * pch¥} S & 2] A (importing) *res¥t LS AAsHA H
*restd 2 B AE Aol A ©uh Fig. 4.4°] MSC/Nastrans ©] 83}
Pojxl Lo o4& YeErATh
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1

1

1

NUMBER OF SOLVES REQUIRED

HMSC.NASTRAN JOE CREATED ON 18-SEP-06 AT 17:12:32

HMODE EXTRACTICN

NO. ORDER
1 b
H 2
3 3
4 L!
5 5
3 6
7 T
8 8
=] -]

10 10
1 11
12 12
13 13
14 14
15 15
16 16
17 17
18 18
19 19
20 20

EIGENVALUE

-4,298809E-08
-3.307861E-08
-2.637009E-08
-5.523304E-09
1.1002592E-08
1.611684E-08
8.201997E+00
8.203370E+00
2.128749E401
2.772366E401
4.931751E401
4,940059E+01
B8.458815E+01
1.101559E+02
1.466490E+02
1.475186E+02
1.883458E+02
2.451914E+02
3.062519E+02
3.114518E+02

SEPTEMBER

REALL ELGENNYANLTUES

RADIANS

2.073357E-04
1.818752E-04
1.623887E-04
7.431894E-05
1.045948E-04
1,265521E-04
2.B63913E+00
2.B864257E+00
4.613837E+00
5.265326E400
7.022643E400
7.028555E+00
9.197182E+00
1.045552E+01
1.210967E+01
1.214572E401
1.372391E401
1,565859E+01
1.750006E401
1.764800E+01

MSC.NASTRAN JOE CREATED ON 18-SEP-06 AT 17:12:32

MSC.NASTRAN JOB CREATED ON 183-3EP-06 AT 17:12:32

CYCLES

3.299850E-05
2.894634E-05
2.584496E-05
1.182823E-05
1.669453E-05
2.020506E-05
4,558058E-01
4.558607E-01
7.343148E-01
8.380026E-01
1.117688E+00
1.116629E+00
1.463777E400
1.670413E+00
1.927346E+00
1.933052E+00
2.184229E+400
2.492142E+00
2.785220E+400
2.B08766E+00
SEPTEMEER

SEPTEHMBER

19, 2006 NSC.NASTRAN

GENERALIZED
HASS
1.000000E+00
1.000000E+00
1.000000E+00
1.000000E+00
1.000000E+00
1.000000E+00
1.000000E+00
1.000000E+00
1.000000E+00
1.000000E+00
1.000000E+00
1.000000E+00
1.000000E+00
1.000000E+00
1.000000E+00
1.000000E+00
1.000000E+00
1.000000E+00
1.000000E+00
1.000000E+00
19, 2006 MSC.NASTRAN

19, 2006 MSC.NASTRAN

Fig. 4.4 Real eigenvalues of spring model.

Table 4.2 Natural frequencies for the spring

6/17/0S PAGE

SUBCASE 1

GENERALIZED
STIFFNESS
-4.298809E-08
-3.307861E-08
-Z.637009E-08
-5.523304E-09
1.100292E-08
1.611684E-08
8.201997E+00
8.203970E+00
2.128749E401
2.772366E+01
4.931751E401
4.940053E+01
B8.458815E+01
1.101558E+02
1.466490E+02
1.475186E+02
1.883458E+02
2.451914E+02
3.062519E+02
3.114518E+02
6/17/05  PAGE

SUBCASE 1
6/17/05  PAGE

1236

1237

1238

Mode no.

Mode type

[ [Hz]

Symmetric(rotation about z-axis)

0.45581

Symmetric(rotation about z-axis)

0.45586

Axial

0.734

Torsional(rotation about ¥-axis)

0.832

Asymmetric(rotation about I -axis)

1.115

Asymmetric(rotation about z-axis)

1.116

Axial

1.463

Torsional(rotation about ¥-axis)

1.658

Symmetric(rotation about x-axis)

1.922

10

Symmetric(rotation about z-axis)

1.928
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G= 71— i
2(1+v) 44)
Table 4.3 Parameter of equation (4.3, 4.4)
Symbol Contents Data
n Number of turn 17.5
R Mean coil radius 59 [mm]
T Radius of wire 7.75 [mm]
P Density of spring material 7.8e-9 [kg/mm3]
G Shear coefficient wire cross section 80769 [N/mm2]

AZARRE AE wgkon, A43)

MSC/Nastran
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Nodal 0.8 0.8 52 0.4
Modal 1.6 3.6 23.9 0.8

Table 5.1 2}(5.1)& ©]&3lo] Q2 2FA| 33 1 (Root Mean Square, RMS)E
ALrg 235 et dAH s AP rd

=]

Rrrzxnd

5

mge i}

KN
T

_46_



B

I

B
xR

™
N

il
w
!
o

ol
G

24 ~xe] o] kow o

of Al o] Al

I
RN

lo] 7]

X S4 Mgl A dHlw

5.3

A

o)
H

100 mm, 150 mm

= A8,

Fig. 5.42} Fig. 5.5¢]

a7e

28
N
T
Rl

uf
o]

%)

o] A% 23 ms ¥om

3
=

oF
ﬁo
o)
o
<

°] 150 mm¥ =

g

Z} 25 ms, 23 ms, 23 msO]A T &

35 ms, 32 ms, 32 ms

!

A X 100 mm

19 H$ A

ms, 150 mm &

9] 10 %9 A=A 3=

A

%

=
2
T
ﬂmo
B
<

N
oL

1o
|

o] §17] wWFol| 9 x7} WHAsE= Aoz Alg )

el

)

ol
o

_47_



=
530 AAAIZHCPU time)s M ekt Adax 2o ALbAZEo] §F
LHoR Wol Ayon wr wdy Ay wde thir vk wet
A ALYl e 284S BAS WE BRE Fx Rl fEg Ao

= suEr,

e

Table 5.2 Comparison of release time

Experiment Linear Nodal Modal
100 mm 23 [ms] 25 [ms] 23 [ms] 23 [ms]
150 mm 32 [ms] 35 [ms] 32 [ms] 32 [ms]

Table 5.3 Comparison of simulation CPU time

Linear Nodal Modal
100 mm 482 [s] 52262 [s] 772 [s]
150 mm 728 [s] 78351 [s] 1152 [s]
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Fig. 5.4 Displacement of the end point. (100 mm compression and release)
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Fig. 5.5 Displacement of the end point. (150 mm compression and release)
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