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ABSTRACT

This senior project presents the study of force of DC electric field which makes
the particle start lifting from plane-plane electrode. The one side of electrode is
supplied by high DC voltage and the other is connected to ground. To detect the PD
current pulse with 50 @ shunt-resistance when the particle start lifting from grounded
electrode and is being moved between high voltage electrode and ground electrode.
The PD current pulse compenents such as amplitude, rise time, pulse duration, energy
of PD current pulse and dominant frequency are analyzed. The test can be classified
into 4 cases; (1) testing with gap distance 1 c¢m, the DC voltage supplying to electrode
causes the particle starts lifting and then detecting the first PD current pulse (2) testing
with gap distance 1 cm, the DC voltage supplying to electrode causes the particle is
moving between plane-plane electrode and then detectine PD current pulse. The other
cases are similar to those ones, but gap distance is changed from 1 cm to 1.5 cm. From
the test, on the condition of the same gap distance requires higher amplitude and
energy of PD current pulse compare with freely moving between the gap after the first
lifting, but there are not much different in pulse duration. Testing with different gap
distance, pulse duration and energy of PD current pulse depend on the voltage
supplying to plane-plane electrode system. The higher voltage supply to electrode in
order to lift the particle from the grounded electrode, the longer pulse duration and the
more energy of PD current pulse are required. This fundamental study could be applied
for studying the movement of particle in GIS (eas insulated system) which leads to

degradation of SF4 insulation.
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w?aﬁmmLﬂ'%'amamu‘LWﬁwqmiw’%nmﬁu JohlbideauudiliAnusnandneu favse
meluiatuiesnniinssornmenieduvandassluioauiuiifurewiviovesvar
fhogwestamiameluuandusuil 2.4 ) [6]

!

g

n) lalsunfauisa ) HAYISINUR? A) faw1saniely

JUN 2.4 g 3aunsdaniuusing

2.7.1 favrsakuulalsun

= L3 ] ° a o = a:

A luaulviihbissiiavegeseuuasuvandidnlasaunay wieveuauiioglu
91NANIDNIMAINAUUNG 138077 Talsun Talsuifar1saaziSuiaduiilanuasun
aulwihpurmaunlniingalueinie

- P
NaL a9 N lAlsuAD
4 a v A w v ' - va o o -

1. deifalalsunlusinimenadunaviesuilasesnsnisay Aevslddudosdada
(F@vsunastu) dndulelau (0,) Tweuilinadnasiiunasa

2. Tﬂiimmamsmﬂmmu’imﬂwaaauq su\mat,ﬂﬂm'summaaam MHz AAuAILE gl
QLTUMUSEUUADANS

3. nsiinlealsundeuvanetis findsnugadeintunaanan Jadudsdfisussoun

1 = nl =y - =l 1 1 =
’Lum‘saaﬂmevuumaawmﬁﬂLaaau’iﬁmﬂmmLﬂiaﬂﬁumlﬂﬁwmmwmammnqm

waamuamLaaLuaamﬂiﬂisuwuaaﬂummLﬂsamam:ulwﬁwaaam‘ummmm ol
mmﬁ‘lusvuumaaaLLiqaam’lmmam‘u (bundled conductors) uaﬂmﬂuawuaaﬂuama“
US53N B wen 1A agvliAslalsudne



12

2.7.2 Aa5amIuRD

Tuaualwihuuvasiianevdoldaminavefmuawuudaiduyildauylniludy
FfesanAinm iy ﬁ’l‘ﬁiﬁ@ﬁ]’lﬂ'lﬂijﬂ?’mLﬂ%&lﬂﬂﬁ?ﬂﬂﬁ’l@d‘ﬁu sudunalfinfansaiu
Tudruiidueinie farsanuivfetuiliernuadsnauslaiinuiteuiy flfngatiarn
Ingn ModraduurupuIudusEnieddnlasatuusiusruny TnEalasnauiudni uay
Uaeanuipiaussgensgy 2.5

/

[ A==

n) BANTATANTINANAUTLUIUALSIBIELLA 9) Uasnauiusiii

A) Yanganoiailausegs

o a d o a_a a
JUN 2.5 anvazguuuuvesauiuminliifafauisaniuioursday

1 =3 ' a ' [ [ & @

mugU Anfudszseninedianiaem C, << AnAvyszquasawiuuds C; axluusesiu

senin Bidnlesaazanasen C, auviavun yilviauessaauialiuudiy ¢ flAngs

a 1 a Yo a ¢ A& o < | < ' ) a2 I

uAdngald Juinusnaiiniefavsdludrunlueinia wiluduiduauiuudedad
ANAYIUABUSIAU B, g9 Tdlimnafiaiusnaniinzgld uiassamsalumuiaauiuuds [7]




13

2.7.3 fansaniely

ﬂmﬁmﬁmjﬁamﬂiu awAnluduitauduuweeuIug e Unfiudes
mmwammqmm%& LLG']ﬂiﬂlﬂ‘iﬂLﬂﬂ‘V‘l‘tIENﬂaNm.IU’muaUlﬂL“v‘TiJE]‘LJﬂULLauu’]IUﬂﬂ’l‘SLﬂﬂ
farnfalufing Sannsaudsdnuasmsinfamsaneluldsed

1) TN ﬂ’l'itﬂﬁlﬂﬁ'ﬂ”lii]ﬂ’}ﬁﬂu%”mWU‘U‘UEJEJ‘] Tulwssormmegdsanunsaifald

Tuita wanadn 158y u3enszatwiARauLsdy LLNmulwﬁ'}wﬂmﬂmmamw‘uuaEmu
AILATEALUINGS wazAuLdusamelniwadlnsa m’mLﬂ'sam’iuiwsammsnmmmlﬁ’lu
unansdl dlwssisannduaualvi paeSealulnsefaziniu & AMEAIUATEATDY
InBidnedn Tnedl & wiummiiladidnninvasauiy

2) msvuideu (inclusion) msdudleuawnsoifniuldlunaiafnudeissu ?Ju‘iﬂ
mstudeulsenaulude Hu nseay ek e mmmaﬂﬂaauauﬂ] nsUuouriliaau
AINUADNTNALUTNIANUIBRUINANAIINEN WaEVEI9INMSIUsNAatiannsUuitey v

i
<

Anfenieluauay wdvildnstanialufeiety selanusnannileieiy

3) Tnsafihindiu (oilfilled cavities) Inssiiitsuazgamuninasswineduriuasiu
Y84UBII19984 oil-impregnated paper insulation iy YaaInlunsewtatlnin wie ane
wda amnnases lulnseifidhiy annsafunldsuiensuivilaluins e

2.8 HANTENUVDIAAYITIUNNEIY

Fansaunduurazassiindrnudemlituiuiieu Tudnunenissunseunn
HumgliAseusouiistuanzqn Wuraldfaufisemiaed vhidauiudedugng
wazinfnUnfRvenefaunniy wazeratlugnisiiniusnanidedrsanysalld vilviauaiuy
Fome engnislinuresauiussduas

matiefayiauisdiuvuaisdusiguudeinia Sendn lalsun geumnedns
Wandsugidenaeniian LLaz?jaﬂdwﬁum'zLﬁﬂiﬂiimﬁaﬁﬁmﬁaGﬁ’eﬂﬁnﬁﬂﬁuﬁmﬂﬁu
wiwdntwihunsnsyawesnlusumussuudeassiunnuiing 3 Benitnausuniuing

‘LJ‘LILWEﬂ'ﬂ@’IEJﬂ’]'ﬂ‘Uﬁ’m‘ﬂmaUﬂiﬂﬂﬂﬁ'lLL‘NHQI‘EN’]UI@EJTJU’IU lainelMiAnAduy

JUNIWINg ﬂ1'iaaﬂLLUUﬂﬁau’m'naaqUﬂm“lwﬁ"mmamqmmwawa AULASEAAUIN
“ﬁl,mﬁ'umuﬂﬂa%ﬁawﬁ"\niﬂmmwm%‘ajﬂaummﬂﬁﬂqmmaaamu wheslififasa
vedy wieiluswiufuduiesnanussiunsaileuinTuatnslsinuy n13auIugUnsal
w3989 IAnugeendudau PD awLnﬂmu‘[msmlﬂm‘lwsaawum'}wﬂmaﬂuﬂivmuﬂﬁ
nan vionan nvesauulilinudfvun asuuLwammuu'lﬂuﬂmmwmadmsamu
gunsallviiusage Sududesdinmameaeunsiviad PD Yarussiundusuniuing (Radio
Interference Voltage = RIV) Gl’mﬁmmg'luﬁ’lwum

2.9 Hodyanitldasaadu PD
s L2 1 s nl = = & 1 Aﬂ" =i = -
N13M593UUAEINAY PD Ixondenailiinaniayisauiediu Sesiinaduiiedly

JULUUANY Fip



14

1) fnszuaadliinintuvaiinfasauidu

2) \efdsgeydeladianssn

3) anduanwimdntiih Tugunnuiige sunussuuions

4) ieuaades desnieloosluedudulelsun
)
)
)

20

5) iinlslsutluennia aedindulele (O,) iadedad (hissing)
6) iU ingedy

7) ifiAuToU

8) iAufizenandl

MIATINU PD druanagendenaniglvii %!q‘[,ﬁwaﬁﬁmmgﬂﬁaaﬁﬂ’jﬁ%'guq k)
pavsviliiianszuaiadlnaiuinsdesynsuauiunnaoy Jsamnsoinusesiunnasen
ﬁuﬁLLmu%ﬁﬁiaagJﬂuN%W nslddedygyradursiinnlatesndy viedsiidouin PD Tu
Usmnaumnng 39zas99duld nsesndudedunranadinihaunsansieildaneneas

auyailil PD [7]

2.10 WOANTINVDIAAYISIUIGEIU

mafaRamsaud fanuduiusivergnsldauresgunsailiiusegs weiin
favisatu (71 wdsnumsnsenuandidnasey W3BB9aUNR UG AL wARAI Y
SouuagmsiAsuudammandl Wumgliauuidesanmedisnia engnisldemres
Unsaiduas thlugmaiusnamilfluiian Fareliifinauidemenesyuvauiuwasgunsal
Iniusege uenannduudfanfaunsdauadelifnadusunauing (radio interference)
Feazdamarioszuudeans nsgudstmusliiinismageunsiatad PO [6]

2.10.1 yeasanyavesiasamelugunsallwiussgeily
wasauyadmivauuresgunInivusiin PD endunusieamNglii ¢, C, G
& w a | o | e a w
wazgaUsnunl G Me3Uin2.3 Tesauiudiununnsas@aunfudsdulnseiniauuinidns
v ' 5 = a o o '
unumen Nyl C; uaraurinuny G awufeglunuifivaiuauiunnsesasunu
4 1 1 d'-:l =l 15 1
Mgl C, uagauiudmnilaniwivsunuimediamuglni C;

1

U,

[
il

e—

o W
JU# 2.6 2993aAuYa PD wuuvall




15

= = ) o & e~ o @ v

9n3UN 2.6 Welsuusssiulwiidiansvesgunsal (§31 A-B) Tugud 2.6 n) szl
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, = —22 (2.23)
4 n
C2 + C2
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()
CZCZ
- =22 ¢ ~C, (2.25)
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Wibuigulszazannauuasmanisiie PD

C U, + G, (U, - AU,) = G, UL +CU; (2.26)
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2) ANuNEIUTNURINTEUARAYISIUNSEIY

anwygUINYBINTELE PD 'meﬂmaiwwa')mmaﬂ Iuwwqwqwguammiﬂw 29
ynglAn PD nszuafilvasuunUesivduet e esnmandeuiivedidnasevis
indouildifininlossuuiniuunudue iedidnnseulnariuunuminnsyuaszanatete
590157 n'ivLLaﬁaﬂawzé’qmlwasialﬂﬁﬂLﬁa&mﬂmsm%‘auﬁwaﬂaaauU'm [8] uABE19AAY
TumaUfjun 7\}u‘WU’J']ﬂ’]’lEJﬂ’]’N‘U’eNﬂi“’LLEIWEmVILﬂﬂ%’]ﬂ PD luauiuageglugieian 1.5 ns fis
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i Dk 1L

¥ i

1ns 100 ns

d s I = o ar
3UN 2.9 dnwairguirsvesnsud PD lumagufjdmsuundidneg
2.11 NaNNIINSIVIUAEVISAUINEIY

NANNIIMSIAIU PD @runsavinlavaneds lnemsdunaviadanadiduusingnisel
1 s =Y = A v A = s = a
AN990s PD Mydanaves PD ludisUsunadldnaiigada n1sianansininlaeisnsiadu
nszuaadntangvesgunsal (6]
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C, gunaisudaysyrau (coupling device) CD anaipliathdayay ey (connecting cable) CC

GJ = s 3 & o e as :J
aziAIBwIIn (measuring instrument) MI MuaRULAAINIFUN 2.10
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Ut) = Ug( + U () (2.29)
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a7

Frequency Real Freguency Real
(MHz) (Q) (MHz) (@)
1.0 49.0835 21 48.0020
2.0 49.0758 22 47.8316
3.0 49.0573 25 47.6344
4.0 49.0336 24 47.4515
5.0 49.0167 25 47.3869
6.0 48.9747 26 47.2123
7.0 48,9358 27 47.1118
8.0 48.8848 28 47.0129
9.0 48.8291 29 46.8036
10 48.7678 30 46.6040
11 48.6961 87 46.3817
12 48.6207 e 46.1573
113 48.5281 33 459622
14 48.5014 34 45.7499
1% 48.4221 #5 45.5702
16 48.2661 36 45.3082
17 48,1538 a3 45.0465
18 48.0985 38 44.8883
19 48.2291 5 44.6257
20 47.9880 a0 44.4067
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AT 2 (VL = 13.0 KV) Loy = 2.36 mA
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AfaTl 5 (V, = 13.0 KV) lpene = 1.78 mA

54

Current [mA]

L e e

o o

ks

)

L
)

600 15 2 25 3. 35 4 45 ]
time [ns] Frequency [Hz] it
& o
9) NTNAABIATIN 5
& o
ATIN 6 (V| = 13.2 kV) lpesc = 1.73 mA
T "=
A Al : a f J
\ ’r‘f‘i'*ﬁ\‘M‘_"ﬂMv it 3l
o A !
E Kl ; 25“ [{ "
oy = 1
s 5.1
5 B 15 “ \‘
® ¢ ‘
IR )....ipn
ns lﬂ "4 ,‘:jl
- i l 1 L L " 1 1 1] 3 1 .N-‘\‘“‘l" o " SO et \-v"'”*‘i-\ N .
20 80 120 180 240 o 30 42 460 540 60D UU (5} 1 15 2 25 3 35 45 5
time [ns] Frequency [Hz] x10*

¥ &
2) NINAFDIASW 6

AT 7 (VL = 13.0 KV) L = 2.40 mA

Current [mA]
o B & -

X

e R

" 8
= 7r
1 M s "
ey N ;v'i'%j"\'-m«ﬂ”“ i o i s °"
4 .
| 1 57y
* E.
Sl fz
) 5%)&5,"1.
it R
Lo
i
lél] 2)‘#0 a{l] ﬂlm @ 4(;1 5;’) 500 QU [\‘.‘-
time [ns)

o
) NNINAADIATIN 7

J
15

O
2 25

Frequency [Hz]

35

x10



Al 8 (VL = 132 KV) lpesy = 2.28 mA
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ndaii e el () () (MHz)
(ns)
1 2.40 250 8.5 3.864 966 10 - 25
2 2.36 270 6.5 3.276 885 9-25
3 2.20 260 13 2.880 749 10 - 30
4 1.79 270 7.0 3.484 941 15-30
5 1.78 280 6.5 2.880 806 20 - 30
6 1.73 260 6.7 1.729 450 15- 30
7 2.40 270 7.0 4.929 4381 15- 35
8 2.28 280 g 3.075 861 15- 35
9 2.0 | 270 6.8 2.382 630 20 - 35
10 2.0 260 7.5 21352 607 15-30
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A 4 (V, = 19.5 k) sy = 1.8 MA
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AT 10 (V, = 19.3 kV) e = 2.2 mA
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AT 4 (V, = 18.8 KV) oy = 1.24 mA
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A7l 7 (V, = 18.8 KV) oy = 1.24 mA
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AT 10 (V, = 18.9 KV) lpesg = 1.29 A
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THE STUDY OF MOVEMENT OF PARTICLE UNDER DC ELECTRIC FIELD

¢ w ¢) i A 2 ¢ a ¢ aa 4
wegluned Fogswgs' e Tsawsedlye’ wowseiay nsua’ weassign f3na

¢
=

@

madnInnsslilih avcironssuman aonfumalulaiimszeeundwennammsmans=ia

10Ul 1 %08 993N 1 MANSZT NTIMNIUAS 10520 INSFANN 02-329-8000 610 3925 Email : Narongrit_nt@hotmail.com

UNARLD

ynarwauidumsAns s fhve s ldih
nszuans i lfoymasndannddn Tnsauuusznu sz
(plane-plane electrode) WDUATITUWATnIzAB A3 T LT T

[

avinaumamdeuiiegiznindidnlasausaganudidniasa

L]
¥

nsuaR AU Idoonuunadie Teanisniswaney
< oA A e - o o @l od
iy 4 05l fio n3din 1 naaoINTzozun) 1 cm, nsasaesuiad
nszndAamniaiadusniitiannayniaGuend nsiii 2 naas i
szozum) 1em. Minsasnduiadnssuadanisluvuzioynin
o o A o v oad P -
maunaunogiznindianlasansudnudidn Tnsansaga i
3uaznifiifl 4 imaneaousRe 1t unTaN 1 uaznIam 2
awd 1Ay uanfasusgozunthily 1.5 cm. nan1Inaao w1l

o

niudyaiwiadnisuadanviszoznnUng 2 dnvas liuandis
iy fAafuanAAuio mMgegavosiadnTzudRawin sseznns
fanadnszua@aa1¥y (pulse duration) LAZAIMAIN UV AT
- e o 4 Ve o o Yo ad =
NSEUAATINT (energy) FeUuagAunssnuitloulinudianinse
o e A - o =< o
wiag s unauRTuiiunug iy lunsinyimdaauves
vi”affnﬁ:uﬁﬁwﬁﬂﬁ;ﬁﬂmnmsmﬁau'ﬁmmwmﬂ”lus:uunmu
o R doqw o A o
UNT GIS (gas insulated system) N 1AuA SF, itouanmmainilu
auuae il
w o

Mid A WadnszuaRanie. szoznauiaiadnssuafaie,

wauadnzuARaT

Abstract

A paper studies the electrical force of DC electrical field
which is able to lift the particle from plane-plane electrode and detects
PD current pulse originated from the movement of particle in the plane-
plane electrode with 50 Q shunt—resistance. The test is grouped into 4
cases: (1) To detect the first PD current pulse when the particle begins

lifting from ground electrode system (2) To detect PD current pulse

while the particle is moving between high-voltage and grounded
electrode. The other cases are similar to those ones. but gab distance is
changed from 1 em. to 1.5 ecm. The tests can conclude that the PD
current pulse of both gap distances normally are not much different in
shapes. but different in each components of PD current pulse such as
amplitude. time duration and energy of PD pulse current which are
depended on the voltage supplying to plane-plane electrode. This
fundamental study could be applied for the movement of particle in GIS

(gas insulated system) which leads to degradation of SF, insulation

Keyword: PD pulse current. Time duration. Energy of PD pulse current
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