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B~C #2te AA 23] vg shsate davt desesg Aol 34

=

ZIAEAe} TESte] TEAEE o7l SAIEA C AA ol AR =

71419 AAdLS FAHH, F(dark current)e] HIZA H =}

gol %3,

A

W

C AA olF9 A7 HWAC~H+ AHTd Ftoezs deyse o4

o2 7hEE A=l 5438 S 7kl A AFAME (electron avalanche) 7F

doju, ojmie] 7Al= Ay GHEA =AARA 28T,

HIZRS W @o 4P xpRubH(Hon) 9

—
abnormal
. corona glow discharge
e/ > &, D
[V] X i i z
1 Townsend } : : :
i anid H i i subnormal i G
i 3 P :
H 1 H i iglow discharge
800 i Dark self : .

E sustained §
b discharge :
i

Ci D!

600 -

H normal
glow discharge

400

200

10720 10716 10712 1075 107* 107% 1072 107! 1 10 [A]

a9 2-3. DC B 5407, 12].
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Al 2 4 Zg=vl(Plasma)

1. Z2=v}(Plasma) A9

vy

192813 o]H] @ Ho(Irving Langmuir, 1881 ~1957)= 7] A &4}7F 7]

A o] oyl ofa] HAe} o] 9] PR delE ),
Axpel oFolz o] Wrh st A om T4 HHE S A4
eIl “EEl=vk(Plasma)”=2 W dlow, Zgtzvls A SHA ol A
“H 8 F (collective behavior)s s + %4 (quasi-neutral)?l & 7]

A= Aol Tl

I:‘_‘
A E=

Heat

Reactor Wall ————— Contact Ionization

Chemical Thermal Energy |[¢—— Mechanigal
Processes of the Gas — Compression
Beams
Electrons
Ions —
Neutrals
Photons I
1

Heating of Electrons ——

T

Electrical
Fields

a9 2-4 Eh=vke] A E12]

il

Fepzavh 2 A Berzvh, @ Behavh g Sohzviz gy
7}

W, o] T 7] W o Ay 7AE e Wd ZEk=vkes AUt
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s d9lel AzkA wslel wel gA AF W Hel=ul(DC plasma),

nF d Z8=vHAC plasma), 2539 WE =
N = =

)

Zv}H(RF plasma), 2
ul 2 (Pulse plasma), = x93} Wz Z2=vk(Microwave
plasma) o2 753 4 A0H7, &l

=5 Wi gl Bopmuks 48 FREGE0~60H wF AGS <

e W et SeEvtaa, Sohxel AFe) Wge] wEs] d=
]_

2. fute] Zol(Debye length) ¥ Z=w} 4 2(Sheath)

2.1 gulo] Zo](Debye length)

Fotz=rte] 7t & 5S4 A7 JolH, ol Fexvl Y &S
Ash EElel g WA B Al AP Aso] T 79
E AN BEer HEolkrks AAE Atk HHke](Debye)# o
ek By el wEol o8 FAE AAAE AAANUYAE B FH

& ol Fe v WA akw, dvke] A oe @ Fepzvl o

)
oi\
2,
o
o*:L

S

o
ol
2

N

o

ftlo

2l

&,
ol

ol

N

4o

rot
ol

ol

2

RS

D)

1o

oo

Y

juls

o

pal

rot

)

Auj
T

=
N

o,

(Debye length)& st Y2t & [A7]4 FHO=E

A AYEA, Z2at e e A 7k FEE(EFSEA)Y
ol ogh A wjetE o] Lol wjrhA] o] A Aot
Hupo] dol= 2 (211 = M, 71A9 FHole FHAE,
gtzul o st YA CAAD) e et ko wEt dEhzi

(154

i

Ap= (—)? (2.11)
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ule] Aol Sehzute] A7) FAe ARo] AL Ae] Aol
gzop et fA57) gl Sehzuke] slaety =
717} tlupel o] wr} w$ 7ok #i[7, 8l

i

(il

ofn s,

2.2 F9=vl 4 £(Sheath)

Zehzntsh GEss /Mo WS o2 A4t AAY Fow 4

g gHA7 @, olee AEduA FUAME Axe fde HolAm
Fol &g olee F7IE I8 FPe] ol=A Arh 1 At EHol
ol Al ¢ wEF FHe & AN (Ezriel BFE Lo 7]

zobe 4Eetn QE oW mHRt 34 =

5]
< A9E zred E9=vF 4 &(Sheath)= o8 g Zk=v &3k 5
=z

-

[
N
N

) (2.12)

kT, m,
V.= In( ) (2.13)
¢ 2e 2m
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Potential

Plasma pote[ltial --------------------------------------- .
Sheath potential

Sheath  Presheath

Distance from Surface

Particle Density

Distance from Surface

|
juit]
W
a
il

ebzut 42 A R[],
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3. Eg=vt U <34 4H(ambipolar diffusion)

ol

o]
HH

i
28
i)

B

=
Ty

Z 24 JAste $% 5o=

<
o
fite)
<
o

i
=l

i1,

9|

NFEED 3

—
fIfe)

<

»A
o

=
)

0

G

p—

(2.10) 2] o2

Al

—_
fite)

!

7
Mo

)

b, olel wh

Q%

olentt AmE o]eurt Wi

T
| .

tete] olnrt #e Aglo] sl

s

1A

9

3] o

o P4 tiutol

17171 whitoll HEA o2 HdApe} o

A

<
0|

wA
o

((ambipolar diffusion)®] 2}

St

A
=4

R

o] ¢]3

f 0 TSI

5]

(2.14) ¢} #o], AAo} o] 2o uz} A

(2.14)
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313 (AVS;

REYA
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e

Organization) 2}

Standard

3} 7] 7+(International

=
LN

el

American Vacuum Society)

A A e~
%L 9heH10, 131,

°

FAew 4

[Pal

W

A}/ en’] H.ok

o

=]

2} W7 2.5x 107

AL-8-5]
6.7x10 *[Pal ~ 10 °[Pale] ¥ ~%11

p LN

=

A

S

7N 7] ol

o]

Br
Bo
Ho
i~

]_

S

100 ~10*
1077 o]

7)1 ~10 "
104 ~107
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A7 F(Low vacuum, LV)
(extremely high vacuum, XHV)

27 F(High vacuum, HV)
%117 (Ultra high vacuum, UHV)
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prl
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=

el

i)

el

il

=0

H

(hot cathode)®} = 7

£ =3 (cold cathode) . &

4= 4

N
H
Ho

il

Tl

10t 103

el
L

=i}
=
103

107°

34

At EE
1077

T

s

107°

(Mol A

13

10—11

HEd

L= ]
=

10—13

Torr

(Penning discharge)< o] &

107 10t 103 10°

1073

107 1077 10
3A Y AFEH L9
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a9 (3-3)3 #Zo], FHAl(Paschen Curve)=Ale]

T
-

Hans Schellekens

St 141,

HA 992 HiPoT(High Potential Test)® ¢&

A

njy
~

Ho
e

3

& Alo] A (High Vacuum Pressure Gauge) W

e
™

ol
Br

jgase]

=
uf

A (Penning Discharge) ¥ w14 E&(Magnetron) 7|2 9

ks

2 ¥4

H

o]

gl A ok

F7E A 2

=
1l

ARk, HiPoT 2% w}

o &4 PD

el

o] &5

KeR
=

Y BEukA (Partial discharge)

SEEE

B s 475
sz nE el e

+ PDEY

HYH=

]

-
2

o,

B FQl Bopx A

Al

7o) Qo @4 AT

4

Al o] A (Barometric Gauge) 24 AF-& 2 ¢ of A]

ol 939 (10'[Pal ~ 10°[Pal)

DEE

3]

il
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1000
= 100 @ Dielectric \Withstand Test
= ) i or HiPoT: ' PN
) N : ? “\i
& \@ Low Vacuum
K 10 |, : . | 4 . \ Pressure Gauge
% @ High Vacuum Pressure Gauge: : ! :
S ® Barometric
8 1 .. . . Breakdown  Gauge
: ' : : Pressure region : :
0.1 - : ' ' :
107® 107> 107* 1073 1072 10! 10° 10' 10% 10° 10* 10° 10°
Pressure [Pa]
a9 3-3. AEFAEHY ¥ =] gk Paschen Curvell4l.
# 3-2. 1 SAHV=eY 54 vuf14]
, S AE 7] S
T i HiPoT
Al o] A] Al o] A] Aol A

T A5 =7} 7V =7t =7}
S FA =7t 7 7hs 7bs
TrpsronsE A7 2[sec] 3[hours] Al 5t
Tervp spoT i - 40[min] 46[days]
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5 T Trpsponsy + &%= Wkl s SAHALA7E wh&at= AT
= ousie, A G-DE Zddv. BF Ty spor < 7HE HIAG 7
AER dAFdYEH =Y A= HFYQAFS ujsly, 2] 3-2)2 239
t}.

Trpsponse = B‘QZ?“M x Vol/(d@Q)dt >fﬁghest (3.1)

TBL[ND,SPOT - Pri?rEeCtor X I/Ol/ (dQ/ dt)]ighest (32)

3E 33 AFJEHYH FAFH wE FAHE[15]
FAEATY T E[Paxltr/sec]
B Failures during manufacturing 1
B Flashover outside and through the ceramic 10!
B Mechanical damage (Bellows, flanges) 102
M Corrosion 5x10 °
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¥

1. Penning discharge & SA7|&

g W (Penning discharge)s ©]&3% ¥ SAH7|&S W= A

AFAL PHOE A7 FS B Ade] wq AE F74E ol FH

®

HV dc power
supply

Neutral gas
molecule .,

Electron ......

Magnet

a9 (34) =AY B AEAY FEREA 8 &7 el Bayst F
Mo S53 Atol dF FH o 5ol EAskH, el &7 el I
Akatol 1Akt ¥l (35) oF ol o) Ao T HFem S
(cathode)ol Al W& A= = (anode) o2 o] 53shA R, 24779 o
FoZ HAze Ay vdgAEE Z2HA Hof ngA st Frhsk
d 7IARA ek S R Ay A&o] FEHHEAT oA F3FHE A

P 34EY, 2 AF 4=
ZHA k. S5 Eole s o2 FFAA WEHE AR o A

A= FHAAFE dHol Be oA FHo v, wHd B

Bo}ﬂ

2L oly L

i



AF AN ske pot WA AF L= g 10 °[Pal ~ 10 '[Pal7hA ¢
Mol el dEe FAF 714 54 agat(10 P [Pal) gk o]

SolAy o] Wkl WolAt Egow AaA ), AHa0.1[Pal)S

rejo] molzlo] mel My WAelN FE Wwdow Auwol 4y
AAse At glolgel utek FaxcHs, 9, 101,
s -

a

AN T Ui ﬂjgag:S:“

a
T s L | S I T

‘ a a’
14\ : w

E «— %5
1¢u (HS)

I Y
(1) A7 gk A7) 74 2) Azbe] 1A

a9 3-50 #d B A WS4 L[101.

= 1073

H QK I-Tl._(01 10- 8Pa)

10*10 -

~107% 1077 10-6 1075 10-4 1073 10—2 1071 10° 10' 102
&4 [Pa]
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2. Magnetron A& ZA7 <&

1Y E&(Magnetron) 3 SA47]E2 & Hof| 7|&3 ¥ WHS
&3 Yo EN dAAZA Ll JFRJAEEY ¥ F47E T
T =2 AFAPS Kol ZFAEHE A AP A A 220
= A=A Jdu6]

AA7Z] D ZAd7]Foll AHEEE AFJEHE S A, JME 52 Al
ZIAA F4s HEZ] A deSsd FAEANFES HEVIE sk

GE THLLE BESE WA AT ek ol Ak HEA

rlr
z
>,
o

A v EE AE FRAHPE YR da3 olade
o-g3atH, Y W
A A el 2% B WA AFE @43 Katsuhiro Kageyamas= =
I ofad = Atolo P E = AR o (trapped electron swarm) % Hr

el ol A=l el et o, teket ofadeser A= FH
1=
n

rzi
okt
1
~|
o
=)
Y
N
N
)
il
o
e
2L
N
ol
o

G stel A4

=

il
of
%
o%
=
2
S
1o
=

(3-5)%F @ol I3} of=AE Aolel MMt AAS AL A
(BxB/BY)S.% BH(drify) 2 £uso] At FEE ko] E4d

Aol olZAE=(V,) AYE 0<V, <V olug A¥ A=9] 44

i

A=o] F=(Anode)o.2 Z&3stal ofad =7l 5= (Cathode)o] ¥ o] @
S WAHAF7E A E 2, o]2 IMDUnverted Magnetron Discharge)t
1o, Aol AthA el &=F(Cathode)o] Hi&= 3t A= A$ o}

A4 =7} % (Anode)o] Ho] IMDET Hl % WAAFIE Zton o=

of
of
ol

MD(Magnetron Discharge)® 3 & gt}16].
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Upper Electrode

Equipotential
" Surfaces

Trapped Electron
Swarm

.
ot
ot

Equipotential
1™ Surfaces

Lower Electrode

a9 37 AEAdHHE W AT A4 =[16]

Loy = kX (U= ) x P* (3.3)
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Peak proportional to the pressure
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R D% g gHow ofadme Ay Acwe EHAL AR @
of 4% YR ATEE AT 5 YL 2L FuE Adaa, A
o 9% wEE olAd=E A HolBF F B HolT L A A& Aol

2. 244 = +4

a9 4-2. AFEHYH olmad= HeE =4 3= A,

2
)

qaEe]l AFAHAE i AFEe] W2 ofAdre] Hi A9
2 =247 QA 1Y (G- ol F=g FHAAL. 49 =

25 Agst] 8 A= WM Adsgon, 4
%o At Wit £ (4-1)e) 712 wE g,

Ao AlgE FFHFZE ZEEHX(Rotary Pump)ZA #l7|&%

in
rlo
=
ey
t
DN
o)
©
=2

600[L/min], Ao FZstsE 5x10 1 [Torr]e] AL zt=t},
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AE&E=A A o]lx(Model : CVM 211 Stinger, InstruTechijil)¢]

Hol= 1x10 YTorr] ~ 1x10%[Torrlel™, 18 (4-3)7 7o
Calibration ZH]E E3] 1x10 °[Torr]¢]

A 3L

A8 =2 CalibrationS

(2) AE=%

4 #Alo]A] Calibration

Aol A = Calibration.
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ol = S T+ BA(H A%
o 14 4dt] 60 [dB]
Magnetic Field
200[ k] 60 [dB]
Electric Field 200[kiz] ~ 30[Mi] 100 [dB]
Plane Wave 30[MHz] ~ 100[MHz] 100 [dB]
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X 4-2. A7FAY] W2 oladE AYg =A dloE(FA T,

AT | of=d= A% | ands | of=4t A%
(V) FE(V) V] (V) FE (V) V]
1.3[kV] 184 9.0[kV] 334
2.5[kV] 273 9.5[kV] 879
3.0[kV] 312 10.0[kV] 922
3.50kV] 352 10.5[kV] 973
4.0[kV] 394 11.0[kV] 1,017
4.5[kV] 440 11.5[kV] 1,051
5.0[kV] 483 12.0[kV] 1,109
5.5[kV] 521 12.5[kV] 1,145
6.0[kV] 565 13.0[kV] 1,184
6.5kV] 607 13.5[kV] 1,239
70[kV] 652 14.0[kV] 1,273
7.50kV] 694 14.5[kV] 1,320
8.0[kV] 742 15.0[kV] 1,376
8.5[kV] 788

floating voltage of acr shield[\V]

1400

Y = 87.8815 + 45.2484
1200 | R%=0.9995

1000 -

=]
=
=

@
=]
=

B
=1
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i Lo
NE ,‘fa 'b,;’é hbf? foegfp

L
BB A

Applied voltage[kV]
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,\<’J ‘bq;‘) QY q<’.\ I \Q‘{D X \_\ﬁ ,\’1«'\,”".\ ,"b\,&“é N \bf’.\ o

Y 47 A7bAgke] whE olIAE Ak HE 5784,
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Abstract

A Study on Internal Vacuum
Insulation State Judgment
Using Distribution—-Class

Vacuum Interrupter (VI) Arc

Shield Floating Voltage

Jaekyung, Sung
Department of Engineering Practice
Graduate School of Engineering Practice

Seoul National University

Recently, global environmental regulations for reducing greenhouse
gas emissions due to climate change are being strengthened, and
accordingly, SFe gas, which i1s used as a representative insulation
medium, is being replaced by eco-friendly insulation materials.

In the case of distribution switches currently in use in Korea, the

existing SFe¢ gas insulated switchgear 1s being replaced by an
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eco—friendly switchgear with a built-in vacuum interrupter, and about
90,000 vacuum insulated switchgears are currently in operation.
Vacuum has excellent insulation performance as well as acr
extinguishing ability. However, if vacuum leaks, the insulation state
deteriorates and there is a risk of insulation breakdown.

Therefore, the diagnosis and measurement of the vacuum state in a
vacuum interrupter is very important. But, there is currently no way
to check the vacuum state after vacuum interrupter is shipped from
the manufacturer.

The traditionally used penning discharge method and magnetron
measurement technology are representative studies for measuring the
vacuum state, but they cannot be applied in the field of the power
system due to various constraints. The vacuum measurement method
using PD, which has been studied so far, is not yet reliable enough
to be applied in practice.

In this research report, a method to overcome the problems of
known vacuum measurement technology was considered, and the
mmsulation state of the vacuum inside the vacuum interrupter was
confirmed by deriving the characteristics of the floating voltage
formed in the arc shield inside the vacuum interrupter.

It 1s expected that floating voltage -characteristics according to
vacuum state of vacuum interrupter arc shield will be helpful in the
development of vacuum state diagnostic sensors inside the vacuum

interrupter.
keywords : Vacuum interrupter, Vacuum insulation,

Floating voltage, Ionization, Plasma discharge
Student Number : 2020-23262
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