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ABSTRACT

This thesis presents a high voltage measurement technique that can be used for both AC
and DC systems based on the principle of electric field motor. The speed of an electric field motor
depends on its input voltage. Therefore, the input voltage of the electric field motor can be
measured by detecting the speed of the electric field motor. The voltage level range that can be
measured depends on the pressure and type of gases in the electric field motor. This can be seen
that the electric field motor structure is very important for the results of this technique. Therefore,
the Finite Element Program will be used to compute the voltage level and electric field
distribution at any point of the electric field motor. The calculated results will be used to design
the appropriate structure of the electric field motor that has the linear relation between the speed
of motor input voltage and can withstand the measured voltage level. The advantages of this
technique are light, compact, portable , easy to install, low cost, without dividers and can be

constructed in a laboratory.
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peftlsenouiidumi i, j 199 W [C] nnng pAmuAnT Inua i, j ﬁaadw'ﬂu:ﬂﬁ 2.16

1 ar \

aa iA < d' -} o o’:
BamuAf 1 uag 2 i Tnuansuiueghe Inua 1 Anlu
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daTrun 2 Suvedaund 1 oiny
C,, = C%Y5. (235)b.
Tnun 4 Usznoudedamud 1,2, 3 Sovtu
Cp =CP2% +CPp +CP3 (2.35)c.
Tvua 1 uag 4 Juddwud 1 uag 2 wieuq Hiu
Ciy =Cy =CPp +C%y (2.35)d.
dieLifims SugmSedetiatuTnease) seninaluua 2 uae 3
Cpy=C;y =0 (2.35)e.

1 4 ]
o v =1 A [ 3 5 . =t
Muiideiosiuly ez 1dimend1aq 1 global coefficient matrix 910317 2.16 fio

(D« P P c®rn Yy + @3 o |
cW3; cWi o cV3, 0
[c]=| c®y 0 ¢Pn + ¥ Py v W3 A
c®1 + P31 W @3 & c¥31 W v @33 & P33 Py,
| o o c®y c®y3 C(3)22_

o 1 v, - | o o a 4 1 an [4
Funadn  element coefficient matrix UNTNUNMU o Inuafivoudoddwud uazlu
global coefficient matrix [ C] §§ 27 mey (ynq 3 dawudeisenoudin 9 mew) uazdl

1 4
Auautinves [C] Insde 11

a d .
1) szdluweindaunas (C, = C,,) milou element coefficient matrix
A [ [V XY . . a A 4 4
2)die C, =0 Slifimsfugiuvesivuaiuag j dudshiuaadiiuinsdi
aa /a0 4 - s X
samualiiuunng [C] wnnunasdisinameniidiuguduiniiu
3) v singuiar (del = 0)

2.8.4 maudszuuaunsiNemnadng
4 . ° P A @ P
AN Laplace’s (N30 Poisson’s) szamnsamfaouiiceandss1diiie wdauswd
L] d'n - R J a' 4’ A o . . .
o moluveuwavesilymifiieaniisniesiiqadiomail Weoisninispartial  derivatives

1 W dsufusidina Iihiiyag Tnuaeeldh
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W LAy
Wl - Wz tesessscsns - Wn -
&
nis
W
—=0 k=1,2,..,n 2.36
W, ( )
o 1 1 ] 9 W a a o
AIDYNPU ﬂ'lﬂ’lﬂ‘r‘l EV—_ =0 sunuaumsn 2.32 asluaunisn 2.36 llﬁ')ﬂ"lﬂ'ﬁ

>

partial derivative W iNgufiy v, NN

W
= 5,’ = 2V1C11 + V2Cl2 + V3C13 + V4C14 + Vscls + Vzczl + V3C31 + V4C41 + VsC51
1

0=V,Cyy +V,Cj, +V;Cps +V,Cys +ViCys (237)

3 W 0w
Taovia uuda FA iy

0=Yvc, (238)
is2]
dio n @udnauTruanioly mesh
aums?i 238 Suoumsdmiugng Tnua k = 12,...0 5192 Ravesaumsfidiu
mmevvedlgmannsamswes [V]” = [1,%,....7,] 14 #%m 2 Fmideusvii14lu
n3sufileyn Finite Difference Equation 18910 srumsanlara (n3e hwesd)

L3 ' A o & o
A) Iteration Mothod : eruu@ Inua 0 Aeigeuiy m Tnusdlfuulfineinaunis 2.37

0=V,Cop +V,Coy +V,Cp, +.. +V,,C,,,

-1
Vy=—=—2.V,Cq (239)

COO k=]

- : A4 H 1 \ L. 1, A
aariudissine i Tnuafidedu Tnua 0 ssamnsans v, 18dwaunisi 2.39
¥ » 4 ] v
AsTUIUMSYIEN (iteration) (TuAu Tauns@anifinar IWRIM Free Node (fumiait lidsdinan

i) Wiy o wevhdusuaasyesfina Wi

Ve =3 Vi + Vo) (240)
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4 Y o { . ° y AV o
de ¥, Wusifine Iihdqauasgegi Fixed Node (AumisidsfinanTrid)
o o " A v y ' [y 3 o -
ARy MrosiTudumaiiiies Avesfina11WAIN free node szgnduan Tnsaumsh 2.39
4 o s 4 ' o 4 '
{osUMS iteration A¥eusmlas lnliszgafuinoenu RN free node fi1lUABULIN
Y 4 Ll [ d ] v v
wrnaodlusumdmiums iteration aFeR 2 Yumeusxhdnlounseis drflaeuty
3 o _w ¢t o : IS R J o A’
senindutesyesnmmidiiantosinnsuannsodansld
| 4
B) Band Matrix Method : 81 free node VienuagmindiususuusaudrSahmsiiy

fixed node @LATIN 2.32 Ansaivsudiu

1 Cl C.t V/
W=—6'[V v ] (241)
2 \ Crl C» Vr

A °o_ o ' o a9
we fuag P ﬁﬂ free node 118 fixed node AUANY , Vp lﬂuﬂ']ﬂ‘]'n(ﬁﬂﬂ']‘lﬂﬂ']ﬂ%ﬂ'l)

¥ v
szvhmsan Tnefioudy v, wintu 91noumsh 2.36 e 241 e2'ldh

[, 10 1=l I (24)

aumsh 2.42 annsoidouldegluglves

[4][V]=[B] (243 )a.
[V]1=[4]"[5] (243)b.

dlo [v1 = V)], [A] = [C,] , [B] = -[C,JV,] tile [A] i1t nonsingular finenlW# free
node arunsam@lneldountsfi 243 fhwes (V1 luounsii 2432 gansom1dTaeld
Gaussian elimination technique WonwInd [v] Tueunts® 2.43b Seensamidvnmald
matrix inversion §1vHIAv8 AT TR ezt 1n1sBureda'ly ngfuly ﬁamm'w‘?auvi
s 225 Hudun fmeuialdfuligmasdiafifeadestumumantas Vv=o
uu'aﬁﬂﬁfusmﬁﬁ'mmﬁummsfnfi111thms'ls?'q1uﬁLﬁ'u'n?'mﬁ'nﬁumn‘l yped

(Vv =-pVg, V? T =-u.7) viomumsvesndu (V9 -y ¢ = 0)
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e -] o w ) d 1
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uvuvesimyuih I Ianeunieaduiuguinans 32 wu. Aanweueuiann
yaguinasielmounauvesien 45 u. armuvanvssuinsahumaudd
YWUMAN 6.1, 9.1 UAY 17.74 pern uansdegUil 4.18 szezvsznihsaoumanvesuruiu
nIA 4.09 wu. dnvazvesdidnlasasyuuiiusnaniidudiuguinas 17.5 au. nhe
4.5 @y, unuwadiInywihdisataneurdosnaduriuguinas 2.6 wy.  Tianuenm
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am | usesiulwihiy | momidasen | mowdasen | mundaseugs
uvay MU (%) Gumiu (%) | mdedeussdu | ganewdams
vB Yy kV pm Wfwldou | wsaead %)
(848) ulas s kv pm
6.1 81984(8) 81989(352) 205.17501 | 81989(1764)
0.0 | raAu 70.0% | i 124% 166850 | DARY 2.83%
1774 | i 93.75% | Radu 113% 485750U | A0s 5.5%

MNRANIINARBISTFUNATTUIIRIMAULIUNAL 6.1 BIA1 RNAMUMANINNINNN

- w a . P o 4 4
qavziiussau Iifhisudunyudifie 8 kv uozaauniiseuvugeiiqafe 1764 mm Neiliileq
» ¥ o o o ' a o o d '
wwnglindnazvesdavusiilve 1 vesdanapuunay 6.1 s fisdmgadads

:; o ar = s " J - L.
waldnszduussduRmnuziisnaunisaaun ihgdqauazsihiifaus swdndanyu

wna 1@

b
- MMHNYBWAUA NI LAY

lumsmaasstuiiadedi demnawdamuive IS s eumuiuus s Il iitleu
nﬁwxﬁﬂnﬁ’uﬁ‘wmuanmiwﬁ'u AR A nUR TNz auite 1
TS asumyuivusadu i ideudfiqalaolddamuiiinrmen 48 au.  dmiy
vinavesnudampuinaithu 16,27 , uay 3.5 n¥udegfl 420 dnvaizves  SidnTase

srunuihuasnaudidurigud 17.5 . nde 4.5 3. unumadanyuihidisaianeamios
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VNAFUATLYUINGIE 2.6 3. TIAIWETI 6 BN, FWTOUAAINANMINARDIRINT LI 4.21
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0
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Ei - a A
f19519N 4.9 'Jlﬂ?'l:ﬂﬂﬁﬂ'ﬁﬂﬂﬁﬂﬂ‘llﬂﬂzﬂ'ﬂ 421

dwiin | ussddihdy | mudaseuin | anwdaseumds | mmidaseugs
UAUAT MU (%) WU (%) diaussaulidh | qanewdanis
nyu kv pm wlasuidas skv | wseaanl (%)
(n3N) rpm
35 i 194% | 0A0e 38.89% 212.6 701 aAne 11.8%
2.7 WU 4.47% | A 222% 181.8 50 QA 10.45%
1.6 $de(67) | B1wBa(180) 196.4 701 $148(2000)

NHANINANBIZLN 4.21 usm YR w25 e MU AUNT I I
fou sxwusmmann 1.6 ndy Aihnatesiigaeziinauiisengagade 2000 mm uaxdl
sesuns s S umpudigade Aszdunssiuliih 6.7 kv Failmsziferhminifenezih
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idurgudnaie 17.5 3u. 019 4.5 su. unwmardanywiIgeaIANeUnAR YA
' 7 a & e o o dd a a

duruguinans 2.6 uu. nwen 6 . ehaudiniuin ldlumsinsaudenunu

yesampuiiieniaziann 1 1&aamn seumuivusadu Iihiideuddiqe Tdnansmanes
Aeg1ln 4.23

..4.8 7.

damyuunlng  Fvymuuui
v ' v
quii 4.22 wilaveunudmyuuuILazIF iy

3000

2500

L

1

2000

(rpm)

1500

ST R 120

—— LUULDN

—— u5ahau

—

o

==

(=]
1

500

' [,

. w39aw A (kv)
0 1 | f | ] I I I ¥ [} 1 I ¥

IO UNR TPV OfE I e 11 V241 2017 11801 113511536

g1 423 aowduiug sendauseduTiihe) - A aseuniGpm)

VYOIFAVBIAINIYU



-:. - o a
A1THN 4.10 ’Jlﬂﬂtﬂﬂﬂﬂ'ﬁﬂﬂﬁﬂw‘i‘uﬂﬂiﬂﬂ 423

63

wiiavewnu | usesu sy | aawdaseusy | mmiSiseunde mmn‘s"xmnqa
AaMyu MU (%) MU (%) dieusagubith | ganewnans
o
kv tpm wavwmlas skv | wsaand (%)
rpm
EATCIRIEY nADY 44.88% | MUY 11.11% 170.83 59U WY 28%
TCIIER] $1983(12.7) $1999(315) 173.33 581 $1999(1875)

v1nNammﬁamemn'jﬁmuwﬁmfmﬁzﬁmmﬁasBuﬂquqaﬁﬁ:ﬁ"mwaﬁu‘lﬂ%
fiffeudeaiuad szduuseduih 18 kv ﬁaﬂquuum%uﬁ'uimuusmmm‘s"wzﬁmw
15259UMIJU 1280 tpm LA 650 rpm AWHIAY dauszduusady IfhE umpdvpuud
dhazdisdmimesimuil 7 kv %a'ﬁ'ms1zﬁqaﬁuﬁﬂ:zm"mei'mﬁ'mquﬁuﬁmﬁag'ﬁuﬁ
veouminlfaanilaissaan
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Frseumyuiuus sy fhiideudiga 1¥nan1snanesdaglii 4.24
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vianawnde | useduithisy | anwdsey | awdeey | anudaseugs
YOIAA-1ADT YU (%) s?unuu ) | wawuioussiu gANBUINANTS
(cm.) kV pm Irisulaeu WsAA (%)
wlae s5kv pm
2.50 $1999(12) £1993(450) 220 591 $1983(1900)
35 anne 1667% | AU 0.0% 343 50U R 12.79%
45 anne3333% | tUTY 4.46% 362 59 (i 23.89%
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Wifans lees luwduiuegiugunglimsizanumuiniuves Tuanavesiie (N) Yueg
& -fr: v & o | =~ a o o &S = o A
fuudaaefii Tas N fudiunduiugungll duwalifigungidwsudmyuiadinssdusy

nyuiguazuswunowiamsusamnivelismnnigungiiqe



3000

|

dice

2500

2000

) M.

(rpm)

1500

il

-

o

o

o
|

ANUIITOU

500 -

65

—&— quuni 35 29A1

—8— qruunil 33 a9

U 30 2970

—— qruunil 27 8

—¥— qruuni 24 a9An

—&— qruunil 21 89An

nsaau I xkv)

Ui 425 anuduiug senaruseiu Wiy - aamdsoumsiom)
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12 18 24
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{ a o
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. N —

30 36

QuUNgil useulih | aamlasey | enwdesey | anuSaseugege
(psrnaiFon) | Gunyu (%) Gunu (%) | whedeussdu | dewfansiuse
kv rpm It/ Geou ol (%)
wlas skv pm
21 WUt 8% | RN 133 % 188 50U aA09 3.14 %
24 MW 0% | anne0.53% 193 50U A0 1.12 %
27 81994 (7.5) 81994 (375) 183 501 81904 (2416)
30 anas 1.3% anns 0% 186 501 MR 0,124 %
33 R0 4% A0 6 % 186 50U i 0.828 %
35 R0 6% R0 6 % 183 50 (AU 0.662 %
4.2.4 mml%nammuﬁmqn'uq

L 3 o Ao 1 o ar a
MINARBINIANNTURUTIZnINAMUSIToUMUR Mg Auussu Infhiidou

usesu i lddlowdy pe  dnwaz Tassaduomedaun i dody TaoilTnseadis

vosdamyuihuuvumounanTfae 2 uvu idrenraneamdeadurugudnais 2.6 wu.

AMVINIVOIVUAIMYU 3.0 ¥). wagszeztaounaniansnanmszosuil 5.6 ¥y, dnyu
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ad [l o ©
vosdian Tnsaszinuithenaudidudugud 17.5 aunti 45 o, unumadamuigdae

MIANBUNTDY VINAFUAIUFUINAIN 2.6 121, TNWH1I 6 . TNTOUAAINANITNAABIRG
JUn 426

1

(rpm)
g 8 8 8§ 8

anuiIsou
1
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—&— g1n1# 3 bar

—%— 117 SF6 3 bar

g

8

usoanln(kv)

13 20 30 40 50 (580,70 ~80 90 100 110

31 426 Auduiug senausefuirihey) - auidaseumyupm)

vosmvyu 3. niSeuiisueInAuaziig SE, iNNNAY 3 bar

M3 4.13 Annzvinanisnanesveaziii 4.26

sy | usedulih | mwiseuisy | mawidaseusds | mmidaseugs
A | Sumagu ) NYU (%) dousesiuliih | qanewdants
flou 3% pm waewmlasskv | wsaand %)
rpm
SF, 9198(20) 81989(230) 118.16 501 01993(2475)
oI | 0Ane35% | A 117.39% | 177.63 30U A 36.13%

=) A @ 1 ar 1
wamInaaoufSouiounaeInia uaz SF, #ANmWAY 3 bar vziviu Idededanud

o .’ 1 g' ' A 4 A ]
USIRUTUNYUNIMATZAINIIMNY SF,ABTumyun 20 kV uaziinauniiseunyuigend

o Y 1 ar (L ar
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adu | usswhiy | awdaseudy | anudaseunde | anudaseuga
(pressure) MU (%) YU (%) dieuseduvih | qanowdans
bar KV pm 1§J€iuuuﬂm 5kV | wInad (%)
pm
Air3bar | (UUM19.13% | 0ABY20.63% 286 501 U 19.56%
Air2bar | Ry 3.04% | 0Aa1497% 320 50U iy 8.69%
Airlbar | #1983(11.5) 01993(441) 298 591 61983(4600)
SF,3bar | NUM3130% | amnes5283% | 13930 aAnY 28.63%
SF,2bar | (MU 21.74% | 0ARY16.78% 155 501 aAne 27.22%
SF, 1bar | (UM 3.04% | A0 6.57% 128 501 anaq 38.78%

NAHANIINARDANTT T BN VA UUANAIIYBIAWAY (BINTF) VLHUIIT
ATAUMaAIgA ( 1 bar ) sxilisedu IWfhiSumyudfedumyui 11.5 kv uazanuiGasey
wyuganiszauusdu Ifn@oaiu w fszduusdunih 35 kv anudaseunyuves
MY0INIARWAY 1, 2 UaL 3 bar ITUAINIWG 230V 2380, 2150 1A 2000 rpm ALAINY NI
q" - - 2] & & © o c‘é - [
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A o - Qli 3 1 o o '
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J " W : o H g o o l’l 4 o
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.. J -] -« . . o - 6"
(pressure) v indsnuImininsziae lmagam 18d i Idmaiialooe lurdu 1ddn

43 Fiamataznnaveassiiivaidnlasadamspanteni

TuTnsaauii1dinge I hnisauninsslums inseiesnuuy Tassadraueines
o fhTasszdlumsmmsnsznovesssduussduiidon, femeveannusazung
voussinssiuudidnlasadamyuvesemes mun Ivth aunsiiunldeudiuu 2 53
uaz lifmiladanavenlszgande(p =0)mnsoudauden laezunsuveslusuns fedhadu
14&ag0lil 4.28

Tuma 19 1dsunsu I luisaunniindslumsimszvesnuun Inssadauemes
au i 18 imsnisgdueimes sy I unfnsuufissni udsa lasldudnnis
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A - ﬂ' A o
insoefuiiaus i s aqei 19dugunsalshous sdu Indh iueme s Trih
aa g - 1 = o A oW A o a o
usagaves Inssnuddouensdagili n-1 Ysznevdae 2 daunidhdig fie AunTesfutiaus v
[ | o & a
Ifhnszuaasausege Aundosduiauseiulwiinszuaaduusegqauas FaliswoziBoaves
4 o v A
nIBanedavy Al
v A o a o
1. fansesiutauseiuifinszuaasausags
] ¥
WugUnsallFnlueins qungiildeu —10 e 45 °c Tiwfuidudsyue

- (] - o -l a o A
a1 ouNnziin993 19 HULY voltage doubler circuit TnefinfanToaiiu

i ; $ule 3 e
Ad 50 Hz
Thaniae 380 V
ANUINNA 15  kVA

noen ; Sz vieth positive and negative
Taaviimefifing 330 kv
nazueAR 100 mA
ripple 75 § o

o A ° = o« o
2. dansesiutiaussau Iihnssuaaduisege

o

JuginsalilgnsluemsiiumdowdasIdhiinfuszonnudounaziinia

A
nsouiiu
i : Suuma 3 e
A0 50 Hz
Traviae 380 V
ANUYNAA 15 kVA
veen ;: Taanmennna 125 kv

'
-l e s

ATTUANINAA 10 mA
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1 n-1 inFesiuiiausedu Ifhusegeinznniunuuns PASSONT VILLA 14 75021
0~ 125kV,,/330kV,, 15kVA

Ui -2 gamatiamsdanuu@uinldlumsiadiou
(a) HUUANNATUNIUABEUA ( Standard R, )

(b) suudanlszyAed UM ( Standard C,, )
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Yoyannmanareunsmeimun it umasnnuduiuisendnusednlrifhidou uny

amuasoumyuaeluemailauareimeila ludnuue Inssaduiiuandieiu

mnd w312 odnlasadmyuitipldouas InssedadhunalonsimanTd ety
neundeaduduguinaiuvu 26 vy, AanNEianngaguinada
Umsunane 4.0 au. Hdszezvndmnomandmyuiangig 425 g,

W - ot v o
fnuazvesddnlasaszuudiusnoudidusguinaie 17.5 s,

userulri | Tnseoduvewed | Teseeduvewed | Tessadrauomed
aunithun® 1 | sunifuon® 2 | e ifhuusdi s
kV) (rpm) (rpm) (rpm)-
8 - = 360
12 : 250 730
15 200 339 1000
8 300 520 1280
21 445 691 1500
24 670 853 1667
27 850 1091 1850
30 962 1250 2000
33 1100 1500 2022
36 1300 1550 2400
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didnTnradampuiid g Snvas Tnssedadhumameunon Tsseida
noamdeaduruguinariueu 26 Wy, anuenianngeguinarsi
Anounauen 4.0 v, fil¥rzesvialnuumauimguiensog 425 o,
dnvuzvesdifinlssaszuudunnaufidusmguinans 17.5 am.unuda
wyuupuise vinndudiguinms 1.0 su. unudmspuuuuidurido

asansamfsudushuguinatauuu 2.6 U613 6.0 .

usanuidtn|  unudamym UNUAIMYU unuAIMYM
wueeds | woudenpdunnd | wudmuhanue
(kV) (rpm) (rpm) (rpm)
8 - 3 360
10 = 450 500
12 250 650 730
15 339 897 1000
8 520 1187 1280
21 691 1387 1500
24 853 1578 1667
27 1091 1785 1850
30 1250 1900 2000
33 1500 2179 2222
36 1550 2300 2400
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mNah Had DifnTnsesmpiiigldnae Tnssedafunvutmounay TRwevdaenes
masuduruguinaiauu 2.6 . Ao ianngaguinmedalmoumon
oM 40wy, Hidsseshelmsuvaudanyutens g 4.25 sy, dnuugve
sfinTasnsewtuduaenay  Sidusmgudnans 17.5 . uoudmynanuuidu

Widaaneunisududuguinatuvy 2.6 N7 6.0 T

usseudh | Silinlesanzlan | SilnlainezTua

kV) (rpm) (rpm)
3 360 400
12 730 800
15 1000 1089
8 1280 1350
21 1500 1590
24 1667 1750
27 1850 1950
30 2000 2100
33 2222 -
36 2400 -
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MINN N4 mpuilidnuuz Inseadanileuiu uduseduIifhiitoultdemesiiu
; 4 :

AC ung DC MISTAULIIAUBIME 3 bar  IRORTISDIMIHAATIUUANANYEY
anudisounyu Taolassadrvssdmpufiunsulnounany TRssuvues
dmguihdsmansunioslifushuguinane 2.6 1. anwmmusuiann

4 = ] ot 4 [
grguinanta/momanen 20 sussezinsurauiindlinssezuml

6.6 o, Snumzveddalasassunudhninaulidusugud 17.5 e, atha

4.5 3. upuWMIF I IRIsataNBaMiDY vwmdurmugudnats 2.6 wu,

finue 6 v,
usatlvidh | Sidnlasndmyu | Sidnlasadamyu
dotlouuseininth | Wedlouusednnth
fnFSUaAU ASBUTATY

&V) (rpm) (rpm)

12.7 300 -

13.7 430 350
15 530 700
20 800 1115
25 1150 1450
30 1400 1764
35 1700 2000
40 2000 2300
45 2300 2580
50 2560 2800
55 2800 3100
60 3000 3400
65 3200 3650
70 3475 3900
75 g02 4200
20 - 4600
35 - 4936
90 - 5211
95 - 5500
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: L ta g r L4 A o)
maafl wa7  Ievsedumiloutu  uadsunvuvesdyuuendliy  MefnTam

Suunsuvesdmyu Alfautanimudsoumyusuussiu i ndloud
Afige  Teolassaduvesdmyudhuuetlnouen T8seuvuvesdmgu
Badvaransuniesidurugudnnis 2.6 Wy, aATE1MYUIAIN
o = -] LD
wguinaninlmoumanen 48 wu.  szezlmsuvautinimaiiasze:
un 3.79 ary. dnwazvesdidnlasassurniursnnuiidudugud
17.59u. 0319 4.5 31, upummdmy iR IonIaneuniiesvuin

Wurnuguinans 2.6 uu. Tnnuen 6w,

ussdulvidh | Sildnlaie Bitnlasn ofinlazn
A2l | @InyM 4 uuu AINYU 6 LYY

kV) (rpm) (rpm) (rpm)
6 400 =2 -

7.1 490 115 -
8 705 244 154
10 1000 484 357
15 1364 1064 667
20 1875 1364 909
25 2069 1714 1176
30 2308 1935 1428
35 2352 1875 1538
40 2308 1818 1250
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maefl na9 dnvus Inneadnvosdmypufivasuvay 2 wen Sunsulnourande

o 1 o o
2 uyu Mdsaaneandsaduiuguing 2.6 WU, ATNETIVBALYUAD

wyunlfownladIdliviaeruemuandeiu 2 vuia fis 4.0 uaz 4.8 .

fnyugvesdida lasassuudiuasnauifidurigud 20 au. nhe 45 =,

upummFmyuiidasaanearinsnnadurnugudnan 26 wu. Iag

» ¥
mtthuesdamyuriafius 2 wuu fe 5.4 niu

usanuvivh AL 40cm. | AMyu48cm.
(&V) (spm) (rpm)
8 - 288
10 333 500
15 1071 1000
20 1622 1428
25 2143 1875
30 2727 2143
35 3191 2308
40 3125 2143
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MINA A1l wuihininaansaviosunadusdhuguinaiy 26, 3.0 uaz 3.2

gorsenigaguivesivufialmsusumiiiy 4.4 wu. Taossozsenin
Uaeumauiuns ANy 4.19 s, wIaveausude 2.0, 2.4 uay 3.1 afy

a o & ] o o
wnuma Iyt salansamissnnaiduriuguinae 2.6 un. §

AU 6 B
uwsseulvsh | Sldnlase | Silinlasm | didnlasm
wn 3.1 03N | vm24n3u | wIn 2,003y
(kV) (rpm) (rpm) (rpm)
6.5 N = 350
9 - 480 561
11.8 650 650 750
12 - 780 950
15 782 1000 1100
18 1000 1250 1380
21 1153 1426 1578
24 1304 1667 1764
27 1500 1818 1935
30 1714 2000 2142
33 2000 2300 2400
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A15191 K.4.13 Inseerdradlunvudmesunan Ifweidaonewnadurimgudnaransu

2.64 uu. ANNETIANINgAgUnadnlatsmane 48 an. wifuyn

HUULAATINETIEIULIOUIUANAY 3 WUy ABLNIlS @, 2.0 @,

o W ¥ o ] o
2.5 . ADAINARBIN INITUEHNUMULMANAIMYUDINT 1A 3,79 B,

dnumzyedidnlasassuudiurnaoulidurngudnon 175 au. nle

45 %,

2.6 13, WAL 6 Y.

usesnuToiih AN A7 AT
amvainey 1.5 9w, | eandansued 2.0 v, | dautansuvu 2.5 s,
kv) (rpm) (rpm) (rpm)
6 - = 175
6.7 T 200 300
7 220 350 450
9 450 550 600
12 650 759 2830
15 882 1000 1091
18 1071 1250 1304
21 1290 1470 1550
24 1438 1700 1764
27 1644 2000 2034
30 1791 2142 2142

upummAMyUIhdsaanoumdssunaduiuguinas
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M3 nas Tnssadrevesdampudhalansuvon1Rae fifinam Isediedu wuhidae
aansundssnnaduruguiners 26 wu. A ianingagud
nan fetlaoem 5 au. wihduyauusunsuedmauiiTadinam T4
19 3 NIR A 10,145 uas 175 3w, mantmanesiiiszerrindow
uranvBIRMyUianT A 3.509u. Snvuzvsadidnlasnrsunithnnand
Wurmgud 175 sy, phe 45 suunumardmyuidsaianeanies

vnaduRUgUENa1e 2.6 v, TAIN0TY 6 L.

useduvdh | SefiduTde Lo, | Feddrulde 145w, | Salidaulde 175 v,
(kV) (rpm) (rpm) (rpm)
8 - - 300
8.4 - 325 500
8.7 350 490 630
12 650 700 801
15 850 937 1000
18 1000 1100 1250
21 1250 1304 1428
24 1450 1500 1700
27 1600 1685 1875
30 1750 1800 2000
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AW K417 adaneamdsuduruguinms 2.6 wu, anueuvuianngaguénats

daw 48 oy, esmanulfwmndnnlasuvude 58, 90, uaz 113 eam
2 usu Hamsnaned seerviadlatounanvesdmyuiianidg 379 aw.
dnumzvestdinlasassuudiu nnuliduriuguinais 175 au. ol

4.5 By upumaAMMmuUdIsaIensamdsnuaiduRugUInaTe 2.6 U,

U AL 6 B,
usadu'lvidh | s8eam 90 DIF1 113 94#M
(kV) (rpm) (rpm) (rpm)
7 - 220 -
7.5 - 350 310
8.2 350 450 390
9 420 600 500
12 550 730 681
15 770 882 822
18 916 1071 1111
2] 1111 1290 1304
24 1277 1438 1500
27 1428 1644 1578
30 1426 1791 1667
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H L af A o H.'
A151h 1419 BnuazInssadumileudu  ennTaANLUYaLYesHRY 1A

Frseumyuiuusadu ¥ Willouiinfiga Insuvuvsadamuindisann

nounfiotnung  fufmugudnam 3.2 wu. asenusuiangagudnan

falauumauyeayue 4.5 3u, ArmuvanvewwwRsITL S UM

L d

Aallyuunou 6.1,9.1 uag 17.74 8af szezv I alounanyes
o s -~ o o =

wuufunI1e 4.09y. Anvarvedildinlasaszuimiduinaud

i uduguinate 17.5 . 0419 4.5 9u. unumrdINyuiIAIonIn

neunfissnuadurhuguiney 2.6 wu. finawen 6 wu.

userulidh | 6.1 89mn 9.1 931N 17.74 B3N

(kVv) (rpm) (rpm) (rpm)
8 - - 352
9 - N 483
12 - - 600

136 - 789 720
15 - 833 850

15.5 750 900 960
18 882 1030 1100
21 1000 1200 1300
24 1173 1363 1500
27 1428 1578 1714
30 1578 1667 1714
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AT 421 ﬂﬂﬂﬂl&"[ﬂﬂﬂ‘?‘liﬂﬂﬂﬂulﬂﬂﬂi}'l‘.l'ﬂ.i'm't‘uu'lﬂ'llﬂs‘lliﬂuFI'JYH{N'VNMU'ISfﬂlmﬂ

Widanudssunyufivusesu i ndeudifiqa laslddanyund
AT 4.8 9. Smfuvuavesnudamuiivaaiiu 16, 2.7 uaz3.s nfy
fnunzvsididnlnsaszunndulrsnaufiidukgudnai 17.5 v, ndn

4.5 By uAWmIR MU A Isataneamds s mdurIuguIna e 2.6 u.

fin1ue7 6w,
usanu It 1.6 ¥y 2.7 0N 3.5 nfu
(kV) (rpm) (rpm) (rpm)
6.7 180 3 -
7 300 220 -
8 430 350 250
9 550 500 400
12 752 680 602
15 937 882 800
18 1153 1071 1011
21 1363 1290 1200
24 1578 1490 1428
27 1764 1690 1667
30 2000 1791 1764
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q' -3 =) ¥ -~ @ L)
YN M423  ulSoufeusiiavenu laeldwiwlavewnudmpussaiiu 2 uuy fe

1 4
amyuyiiafmitiuiezunudmyusiaiy Tasuvudnyguidaeain

noaminy idurhgudnan 2.6 uu. favazvedidn lasaszuudiuinay

fifurgud 17.5 3u. 03 45 au. unuwedmyuhdasaaneamies

vARATUUENDT 2.6 uy. TR 6 L,

usaru i didnlnse difinTasa
dapunuulv | Amyuuuus

&V) {tpm) (rpm)
7 350 7
9 600 -
12 780 v

12,7 910 315
15 1100 450
18 1280 650
21 1500 798
24 1667 1034
27 1800 1250
30 2000 1500
33 2222 1850
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H A T’ o [ 3
A199f 424 Wivuiftoufivuannuni naamesaniu Tnanieendu 3 vuia fle 2.5,

3.5, 45 a1, unumwandmyihdsalaneaniss  vwnadurhugudnang

2.6 YUY 6 WU,

useu v | 259, 3.5 94, 4.5 4y,
(kV) (rpm) (rpm) (rpm)
8 . - 470
10 - 450 600
12 450 600 800
15 800 937 1100
20 1071 1304 1428
25 1363 1667 1856
30 1667 2000 2205
35 1818 2308 2450
40 1900 2143 2354




1M1

maafind2s Tassadmioutu TavInssadrevesdmyudiuuvurmounan TRasuou
o © ) =l v o [

yoadmyu hidsnansandsslidurnuguénam 2.6 uu. anueuuuie

vngagudnaRilnlouraNe 4.0 . gungiinimaass 21, 24, 27, 30,

33, 35 ey IawhinTanaassiivssommlnauazszezyasunauiiansad

fisazuzuml 4.6 an. dnuazvesdidnlasaszunuiiiu awnauiidurmgud

Aa 17.5 U030 4.5 vu. unumaranyuiimsaianeamies vumdu

Ui 2.6 un. 10213877 6 .

usedulndh!| 3s5eem | 338en | 30eam | 2783 | 2489 21 84N
kv (rpm) (rpm) (rpm) (rpm) (rpm) (rpm)
7 350 - - . % -
7.2 430 350 - - - -
74 470 424 375 R . .
15 490 430 452 375 375 -
8.1 580 550 572 596 500 425
9 750 719.2 741 766 650 575
12 900 883.1 905 916 780 720
15 1100 1069 1091 1116 1000 925
18 1280 1260.9 1283 1206 1218 1122
21 1500 1469.2 1462 1516 1400 1325
24 1667 1648.8 1671 1683 1608 1582
27 1850 1838 1860 1866 1799 1770
30 2050 2034.9 2057 2066 2001 1948
33 2222 22109 2233 2238 2186 2122
36 2400 2396.6 2419 2416 2389 2270
38 - - - 2340
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MmN wa26 Inseadvesdavyn Mlosuran 2 wud Taelilasserdavesdanyu du

uvilonsunan I8we 2 uvu Mdrwaraneunieadurugudnais 2.6 uu.
o = 38
armevssudmyudoutas  Wlvueanues 2.0 gu. uas 1zee
lmmmanianig  fieszezuml 6.6 s, dnvuzvesddnlasaszuiy
L] L4 o
duasnanfiduriugud 17.5 an. nd1 4.5 au. unumandanyuiidasacna
Noaniin viAAUAUENINAINL 2.6 U, AT 6 B, NaEEUT eme

uazfna SF, 3 bar

ursdulh | e 3bar | A% SF, 3 bar

V) (rpm) (rpro)
13 500 =
15 572 -
20 750 230
25 1071 300
30 1363 428
35 1607 576
40 1805 681
45 2102 833
50 2400 937
55 2627 1071
60 2807 1200
65 2950 1304
70 3233 1428
75 3429 1500
30 3600 1667
85 3800 1714
90 3875 1875
95 - 2000
100 - 2068
105 - 2222
110 . 2307
115 - 2475
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mnafl K427 Tnssaduvesdamyu fidmeuvan 2 wou Taoli Tnseadrevesdamau i

wvudarsunauId e 2 uvu Kidwaraneundeadurimuguinnn

26 wu.  anwemvesuusmspuidsuutad llivuen ey 2.0 ww.

, o Jd o o - o
wag rerdmouvaions g Uniszezsuny 6.6 anl. ﬂﬂﬂﬂlzﬂlﬂﬂﬁlﬂﬂ'[ﬂiﬂ

seunflunnauiidusugud 17.5 au. 0% 45 gy, unumardmyun

Aanansuniiey vinadurihugudnais 2.6 uu. amea 6 a.

usanulvifh | oame | 8Imet | eanw | My SF, | 1Y SF, | My SE,
kV) 3bar | 2bar | lbar 3 bar 2 bar 1 bar
(pm) | (pm) | Gpm) | (pm) | (pm) | (rpm)
11.5 - - 441 2 - .
13 - 375 600 3 = -
13.9 350 580 800 - - 412
14 650 790 1000 - 367 550
15 850 1000 1300 208 500 668
20 1180 1300 1500 600 700 920
25 1500 | 1600 | 1850 | 800 950 1150
30 1764 1875 2100 950 1100 1350
35 2000 | 2150 | 2380 1200 1302 1523
40 2300 | 2480 | 2765 1300 1450 1642
45 2580 | 2700 | 2976 1470 1580 1798
50 2800 | 2900 | 3282 | 1600 1720 1893
55 3100 | 3200 { 3420 1750 1850 2050
60 3400 | 350 | 3733 | 1850 1980 2200
65 3650 | 3800 | 4000 2000 2100 2316
70 3000 | 4100 | 4350 2143 2300 2480
75 4200 | 4451 | 4600 | 2307 2430 2688
30 4600 | 4826 - 2500 2600 2816
85 4936 | 5000 - 2650 2800 -
90 5211 - - 2822 3000 -
95 5500 - - 3004 3348 -
160 - - - 3283 - -
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vnndos | nameu | vemeu | namey | wameu | wedey | nemou

i afafi1 | afefiz | afsils | afuiia | afiiis | afefis
&V) kv) (kV) kV) (kV) kV) (kV)
15 14.7 15.2 14.8 14.9 14.8 15.1
20 19.5 19.5 19.5 199 19.8 20
25 256 25.7 25.8 253 252 25.6
30 293 293 29.1 30.2 29.8 303
35 349 349 34.8 349 35.1 35.5
40 39.7 39.7 39.9 40.3 39.8 40.2
45 452 452 453 45.5 453 45.1
50 50.1 49.7 50 499 50.2 50.1
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AT H.5.9 MTnarounTosTaus i Iddusaged 1susme s run i gadi 2 9a

¥
usanu Tfhnszumasusagedaud 50 Alalaa fe 115 AlaToan

neTes | vadey | nAdey | nadsy | wedasy | newey | nadey
fiuiln afit1 | afii2 | afais | afafia | afeiis | efite
(kV) (kV) (kV) (&V) kV) (kV) kV)
50 51.5 49.5 50.9 49.5 51 502
55 552 553 56.2 55.6 55.1 558
60 60.9 59.8 60.3 60.9 60.1 60.7
65 65.6 65.2 66.2 66.6 65.5 66
70 70.4 69.9 7.2 70.4 70.1 704
15 75.5 5.2 75.1 752 753 75.3
80 80.3 79.8 80.3 80.2 80.2 80.8
85 84,7 84.2 85 85.3 85 854
90 90.3 90.1 90.8 90 90.1 90.2
95 95.4 94.6 954 94.6 95.2 4.9
100 101.8 100.7 101.1 100.4 101.4 100.3
105 105.3 105.3 104.9 1052 105.6 105.2
110 110.7 110.2 111.2 110.5 110.5 110.7
115 114.8 114.9 114.8 1152 114.7 144.7
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pinndes | namey | nemey | natey | namoy | nemey | naey
fufin | afafi1 | a2 | nfifis | nfaiia | adaits | afidie
kVv) &Vv) (kv) (kV) (kV) kV) kV)
15 14.6 148 14.7 15.1 14.9 14.8
20 19.7 20.2 19.9 19.9 203 20.1
25 25.5 25.6 25.4 25.7 26 25.2
30 2908 30.1 30 30.2 298 30.5
35 356 353 352 356 349 353
40 39.7 394 308 39.7 39.3 38.9
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vnndes | naey | nagey | nadey | nadey | negeu | namey
fulln | afafi1 | afaft2 | afaits | efafia | afails | efuite
kv) V) kV) &V) kV) (kV) (kV)
40 40.1 40.2 39.3 40.3 40.2 402
45 452 4538 452 452 455 452
50 493 51 493 50.1 499 50.1
55 559 56 55.4 55.6 557 56.3
60 61 61 61.2 60.4 60.1 59.2
65 653 65.2 652 64.9 65.2 64.1
70 69.5 69.9 70.1 69.9 70.3 694
75 747 75.1 75.2 75.1 75.1 74.2
80 789 79.3 79.9 79.2 78.8 78
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(kV) (%)
15 0
20 -0.67
25 1.73
30 0.33
35 0.76
40 -0.17
45 -045
50 0.33
55 -1.28
60 -0.337
65 -0.363
70 -0.527
75 -0.404
80 -0.42
85 0275
90 ~0.559
95 -0.249
100 0.025
105 -0.385
110 -0.489
115 -0.496
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kV) (%)
15 1.43
20 -0.07
25 1.03
30 -0.57
35 0
40 -0.07
45 -0.072
50 -0.17
55 -0.27
60 -0.37
65 -0.34
70 -0.263
75 -0.427
g0 -0.437
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Typical Applications consruen

DETALLS OF OPEAATION, FREQUENCY-TO-
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HIGH VOLTAGE MEASUREMENT
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ABSTRACT ;

This High-Voltage Voltmeter is used besic
principle of High-Voltage Electric Field Moror. This
principle can produce specd revolwtion instrument of
motor and then speed revalntion of sotor can be changed
to level voltage in to motor. This paper is tested
characteristic of electrode-rotor of High-Voitage lectric
fild motor and chemcteristic High-voltage volmeter
which are crested. It compares to the other standard
instrument . The testing of this produced instrument fs
summarized to be working.
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Abstract

This paper &5 preseoty the high voltage measurcment
technique that can be used for both AC snd DC systems by using the
peinciple of Electric Field Motor [2], The speed of Eleciric Field Motor
will depend o0 it's input voltage. There fore, the e voltage of
Eleciric Field Motor can be moasured by detecting the speed of Motor.
The voluge levél messured rangs dpead oa the preesuce sod type of
gases in Ekctric Field Motor. So that the Electric Field Motor stracture
is very important for the resul of this technique. There for, the Finite
Flement Program will be used to compute the voltage bovel mnd electric
field distribution 8t say point of Elcctric Fisld Motor. The calculstd
results will be used o design the appropriate structars of Elcctric Field
Motor that bas Hncer relation betwoen the apeed of motor sad its input

volizge xnd can withstand the mesnired voltags level. The advantages
of this technique are light, compect, portable , casy Lo instalt, low cost,
using no dividers and can be in the laboratory.
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Abstract

In this paper, a new techmique for high voltage
measurement for DC and AC systems using High
Voltage Eelectric Field Motor (HVEFM) is proposed.
The rotor speed of HVEFM is linearly proportional to
the appiied voltage. Therefore, the input voltage can be
measured by detecting the rotor speed. The range of the
measured voltage level is dependent of the pressure and
types of gases in HVEFM. The structure is a significant
factor affecting the accuracy of measurement, and a
range of measured voltage level. The Finite clement
(FEM) program is used for computing the voltage level
and electric field distribution at any points of HVEFM.
The calculated results offer a design of the appropriate
structure, sothatthcmlanmslnpbetwacnthemmor
speed and measured voltage level is linear end
measurement can be spplicable to higher voltage level.
The advantages of this technique are light, compact,
casy to install, and low cost when comparing to a
1. Introdaction /

At present, DC and AC high voltage are
measured by any types of divided voltage instruments
which normally composs of resistors, capacitors or PT.
Each of these instruments can be accurately used to
measure only DC or AC high voltages. The size and
weight of the divided voltage instruments depends on
the measured voltage level o they arc not convenient to
move and install resulting in difficulty of the high
voltage measurement In other words, the measured
results will have ldrge errors or cannot be measured if
unsuitable instrument is used.

These problems can be solved by osing
HVEFM. The accuracy of measured results are within
acceptable level both DC and AC high voltage
Furthermore, the size and weight of the equipment is
much smaller and more light then a conventional one.
The proposed equipment is useful, low cost, movable
and simply implemented.

2.- Theory
2.1 Electric Field

Diclectric strength depends on several factors
such as electrode geometry, dielectric cheracteristics,
humidity, pressure,. temperature, etc. Electric field stress

0-7P03-5146-0/96/510.00 ©1998 IEEE

felies on electrode shapes. The equation for maximpm
clectric field stress at geometrical electrode surface can
be defined as

E o= — (1)

- drf
where
n* : field utilization factor (N*=Ep/Eom, genenily
n*< 1, Eav: average electric field)
Unfortunately, electric field stress of propoessd
HVEFM camot be calculated from such equation. The
numerical method may be used for solving that problem.

2.2 Finite Element Method Analysis

The finite element analysis of any problem
involves basically four steps : 1) discretizing the
schition region into finite oumber of gubregions or
elemeats, 2) detiving governing equations for a typical
element, 3) assembling of all elements in the solution
region, 4) and solving the system of equations obtained.
Ths more detzils can be found in [1].

Mxn =3 v, (2, ») @
sat
where H{x,y) : poiential distributions in various element
V,(x,y) : potential within an element
Et =—VV‘ - (3)
where E, : electric field (uniform) within an element

v, =§:‘V,Va, M)
im}
where @, : element shape functions
C = [Va, Va ds ®
where C{ : coefficient matrix coupling between
nodes i and j

N A=) AT

where W, : coergy per unit length associated with the
element
C : clement coefficient
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3.Experimental System and Measurement Technique

As shown in Figure 1, a HVEFM consists of a
S-shaped ¢lectrode acting as a rotor, a rolted copper
plate acting as a stator. All of them are.contained -n. an
insulated transparent chamber.

FIRECTION DF ROTATENR

STATOR { CRRAD )

\\\\\; /

h :t : Ll

Figure 1 Structure and direction of rotation of HVEFM

“The principlc of vising the HVEFM-to.measure
the AC aiid 'DC high voltage is based on gases ioniization
causing Electric forces -on rotating -électrodes (rotor).
Thé angular velocity of motor is lincdrly proportional to
the voltage supply level. ‘Theréforg, it-implies that the
real applicarion can be’ dgveloped for measuring high
voltage supplies by measuring -velocity of the motor
which Is quite smaightforward. This -velocity can’be
detected from blades of the-motor spinning,pass a signal
transmitter. The frequency. signal from .the transmitter
will be converted inso the high-voltage level by the F/V
circuit. The measurement procedure is shown in Figure 2.

Figure 2 Flowchanofmgh vofhg&meiancmmt
procedure.
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The ‘measured wvolitage level depends on the
characteristics of motors. If we want to measure the
higher voltage level, we have to increase more gas
pressure in the chamber.or adjust the .gap between the
stator-rotor. oF change .gas Types in.order to extend the
range of measurement.

4. Resnits

In this paper, the Finite Element Method (FEM)
program has also been used to assist in the design and
analysis of the HVEFM structure. Figure 3 shows the
division of the elements of FEM to calculate the volage
distriburion and direction of electric force. The results is
shown in Figures 4 and 5.

Figire 3 Eleznént division of FEM for HVEFM: © =

g e e AR
wo Lt *

A S T T T =R

A R e e e e iy ) AR ©




Due to the inherent property of HVEFM, the
linearity range of angular velocity depends on many
factors such as gap length, rotor shapes, types and
pressure of gases. As shown in Figure 6, the variation of
gas types and pressure are essential factors in choosing
the snitable range of measurement. For cxamples, with
the same motor structare, at 1 bar Air pressure yields
measured voltage level between 15 - 25 kV, whilst 1 bar
SF, pressure yields measured wvoltage level between
20-50kv, .

In the construction of the prototype of this
equipment, it was designed to measure the DC high
voltage between 20 - 100 kV and AC high voltage
between 30 - 85 kV . In cach procedure of voltage
measurement, the interval of voltage is devided and
measured, which is suitable for the structure of HVEFM.
Also, this leads 1o the better precision prototype.

From above resuits, the suitable structure of
HVEFM can be designed as follows:

- The rolled stator is msade of copper plate

with 35 mum width,

- The S - shaped rotor made from brass with

73 mm arm Jength.
- The gap length between the rotor and the
stator is 27 mm.

- The contzined gas in a chamber is SF; as

an insulator.

Ty

Figure 6 The relationship between voltage supply and
velocity of HVEFM with the variztion of gas

types and pressure.

For DC high voltage (negative) measurement
with a range of 20 - 100 kV, the test is divided into 2
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the actmal value based on a standard resistor divider
(0300 kV_. rated ).

For AC high voltage measurement with a range
of 30 - 85 kV,,,, the test is divided into 2 ranges
(30 - 50 kV,,, and 50 - 85 kV,,,). As shown in Figures 9
and 10, the measured results are compared with the
actual velue based on a standard capacitor divider
(0~150 KV, rated ).

@9 kv
26 4
o 4
38 4
b/l —=R(div)
=——Propesed
Tetknique
10 4
sep
6 v T ¥ 7 ]

Figure 7 The experimental result of the 20 - 50kV,,
DC high voltage measurement (pressure = 0.5 bar SFy

120 3 v
160 4
8 4
0 <
e R (Y
“. R(div)
~—f—Preposed
‘Techaique
20 4
step
0 — —T— -r ]
2 1 2 3 4 T 8 9% 1 U

ranges {20 - 50 kV and 50 - 100kV). As shown in Figore 8 The experimental result of the 50 - 100kV,
Figures 7 and 8, the measured results are compared with DC high voltage measnremen{pressure =2.5bar $F))

WP2-4.35

195



6 v
50 4
40 -
39 -
——C{dlv)
20 =l—Preposcd
Tochnique
10 4 step
° v ¥ . v "
[ 1 2 3 4 5
Figure 9 The experimental result of 30-50kV,,
AC high voltage measurement (pressure = 2.5 bar SFg)
160 4 xv
90
0
70 4
€
59 1 —o—C(div)
el —8=Propased
39 4 Teckmiquo
20 o
18 4 sep
0 ¥ T ~ T v

b
[ ]
("]
~»
"
L3
=k
L

Flgure 10 The experimental result of 50 - 85kV,
AC high voltage measurement (pressure = 4 bar SF)
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5. Couclusion

The proposed techmique for high voltage
measurement using HVEFM is capeble of measuring
both DC high voltage between 20 - 100kV and AC high
voltage between 30 - 85 kV,, within 3% error when
comparing with the standard measurement. Note that
with the same motor structure, gas {ypes, and pressure,
the measured range of DC voltage is wider than that' of
AC wvoltage (Sec Figures 8 and 9). The good accutacy
can be achieved by dividing ipeasurement ranges,
depending on gas pressure. The extended measured
range can be made by adjusting gas pressure level and
gap betweer a rotor and 2 stator. The further work will
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