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ABSTRACT

An effect of high voltage direct current (HVDC) electric field applying on the
growth of rice is presented. The comparison is done under the condition of with electric
field up to 28.5 kV and without electric field. The rice plant is experimented under
electric field condition at 7 days. The positions of rice laying are tested at vertical and
horizontal and comparing the results with and without electric field respectively. The
data are recorded for height of the stems the length of the roots. The effect of electric
field positioning of rice growing is analyzed based on the statistic analysis comparing to
simulated result using finite element. The rusult is found that the average growth of
height of the stems and the length of the roots increased by 21.5 and 13.5 per cent,

respectively, compared to those of without electric fileld.
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System voltage + 300 kV
Conductor type 2x954 kemil ACSR
Span length 450 m
Ground clearance 8.50m
Sag of conductor 15.00 m at 75 °C
Right of way width 40m
Maximum conductor gradient | 23.2 kV/m
Beneath conductor 28.5 kV/m
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anwnIsiluauIuAIAN uddannIsiusnAniTed U A la i uRwld udn Faunnsingly

AnauuRdue L dmInninfawna1iLd an N1 uatauazide liatnennag

231 AMNAIVULDIRUIUADLSIAUIWAN (Dielectric Strength)

AU AINUBARUIUAD ALY ueDeAAATaAauILlnin (Electric Field
Stress) gegafiaunuiunuegldlaghifiannudeme siveaninwsnanaiviariilinng
Fluauawdenanin fmaenfludiuseiuseaumunaseauau viieszasinedinnem
HulaimemuRmms (Viem) visenlalnasmeauimng (kv/iem) AAneTsagu AT
M inuaria It Asuaeantrarawii i laeiall azuiannaununiinfiadane
(Uniform Field) Aaifuaunsinfinsendneddninsafifidnwaziduutiussuny (Plate-to-
Plate) A1HAINUTRIN TRUIUABuAUINAN £, (@uinlWiddngm) Tusdfuasfliznay

o

A9 1 gUdnEuzirAdineesBidnineg AnenuzantBueelndidnmia (Dielectric) 1an

sty
|
& o o > Cr >
A A A
¥_/ IS o
d2 d3
V a1 v vV v
e—— o N £ %

 J Y  J

B G )

(n) (1) (M)

519 2.6 BiAnTnaanilanwnizaunalniauuusine
M) AN nHds@Ne (Uniform Field)
@) g ldannanedntias (Slightly Nonuniform Field)

(A) ﬂmu‘lﬂﬁqﬁ‘lﬂﬂﬁmm@a (Highly Nonuniform Field)

iHetouusaiulWin LB dEn Tnandnwizsne NonseglueiniAdagui 2.6 wuda

wsasu A W Rswsnanadas lilviniu Dauddnazdnszes d., d, uag d, Wminiud
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Ew=E,=— (2.6)
d.n
We o AeuwawmaiawnIniia (Field Utilization Factor) HA1 < 1 Henwdn
7=t @7)
E”fﬂ.‘

uwlpmasaunlWdla AadaduanTdinriudidd@nnsaniuldanwzauinnii
ananeNndasieale uazlnaandaunAamafauinIWi{1liee R9ENITDATUIDINN

AHATEALLTNA19dreauuN luau N WA e anadntesliRe
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Ei: =T
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ann1sild Az lunsaindidninsalaun i ldasanaidniey wie ldiunsdl
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1
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Tunsdindidnmaafiaun i lladnanage Arnaesanaulilngs azaglu
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o & & o

vFnnulndAnsiudaddnnsanilnuinfindesngadularsunanseglin 2.6 (a) Waszes
1 a a o ' =l I -3 o dl a o
vinaaananiadidninie AranuaTanauniiazanasaderaiia fagli 2.7 8ian
TnrauuuifeuidnanuiesuaaunIningega azilateddngaudafinig azdelidifianig
L ] - =la & d? = & =& & g L= = P
wena1d uaaziialalsuinidasifazu lunTunlndqfafiidninem Aau3nuis
AT asun IMfngege dauidinniau dailanutuasuininiinnnacldinalalown
astinludesdneszudneBidnnsnaziiansAaania (Discharge) N ldanysnl Aelinaen
wuaszudnadidninea Fundinnsfasifaunadau (Partial Discharge) Ungnisaianaiiia
- T R S 4 o G X
Tuatinesetiaaiugdoe v linszualualuseasilauwnAuliiudidninin nrzuaiiaz
T o ¥y el . . - ala -
AatunazdalddawnmainiFun nszualalsun (Colona Circuit) ¥iTanseuanTAg i
nndnlalsundusnana launiniwisseadawldawly] iwsnzidszaunen (Space
Charge) uiaaiATaaaunWilngage faduanléainannish 2.6 ud n* azuasull
FTUANAYINATEALLINAN9UTEINNTAUIU ArATwIMaInannsh 2.8 T A atrslsfiniu
auna1i 2.8 donaliAwanmanuieTanauniiiussiulaliun Gl mezau

T winraamads ldwasuulaaiuae

V
E =1 (2.9)
dn
fla E 0 enwesssauin i laliun Fuide
o unsulninAleunilalsunisnifia (Colona Inception Voltage)

el E ez p, dudrmnuatanaus i uszussdulndinlalaunGuie aniu
auna 2.9 A Fanznadit il rradraseuinadifnnem visenanalddaunisi 2.9 4
WA wFuAuamIAnTead N I T useAuFus U (Starting Voltage, Threshold
5 r_'l' £ ar nl ° ya‘ = d' ] g =
Voltage, Inception Voltage) Eaunnafiqusanuivinlidifianirdaauudalugdesrsuineg
Eningn e1aaziuiwsnanad lunsmaddninsaiuauis i uuuaitasevrae i
avanadnen urasunlalaunGuia lunsdndunouauiniialdadeuegs Auss
o e Ay - v A u & = Yy o )
fulusnaniazfiAngendiAussiuiusiu Awadeuliey lugdanniaialld

V=Edn (2.10)
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lwaildnInsauuussununsdifldauiusvafliniudenlAnde fAAIA (Permittivity)
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VOLTAGE
DIVIDER

d o’ Ly J U 1 as
1% 3.3 nrdmnvgUniniiiennasy uwasanglniiusganszuans gadnilszq

3.2 ﬂ?‘iﬂ%’]x’iLL‘NﬁugdﬂﬁzLLﬂﬁl‘N (DC High Voltage)

NN7ATIUTIAUGINTEUARTY A1n29asang anviiiu uRenlaazunsueeeasasene

Wuandsgn 3.4

220V
AC

vivroulaalvivh

(Transformer)

Vac

Vac

230313 84n T

Vi

\ 4

Y

(Rectifier)

v esanidlwiad

24930704
ARNTITUNTEINDN |
(Ripple Filter)

Ausanu W iraainting (Line Voltage) Tnevialuazildn 220 Taast wiaudaslv#in

V2, Vs
A
5

12 Mnssfinszien

<l 4 t
1U7 3.4 aaranglmraaninu

(Transformer) Az utinAlasuArraqusadulifiinszuaadu 220 Taad WidAauR

Aaang drulunjazilunisanAusasulinldinag uazuneszuuenadl
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Howile ulaslF A A s U AN I WU mn i g eensuda NATITEINTE LA
(Rectifier) fazlApulnfnrsusaguifidunseuanss F9294338anszua anaaz ¥ lalen
W 159 2 /1 w3 4 fasieaeas IasefildanaeasBeenssug asfludnuns duiad
(Pulsating DC) ﬂmmmﬁ'@uqqmn (Ripple) waraiannsaiindldainisnrinaulsd aaniu

o < \ -1 o o = = o e
ATINHNITNICIWDHNDE NN UL 'N"WT']T'NLLN@MV]T]‘;T;‘:LW@N@@ﬂHWQﬁHIWﬂNV\Lﬂu‘W’dﬂ V,

1
=l

azfulnssnininezifentiesas 29998 dnnsadndlaavialuazanunsnneuldani
ANNEnsNszIReNIANTRsLTUT (% Ripple tatnda 10%)

1 £ 1
WATNTRIRAUTIAUNTEIN DN azaFreluinldandensaiduiueniin (Reactive)

8 1 e @ as dl (-] ﬁj ] as lﬂ‘
‘lmmmmuﬂ?:a C UAzpAIMUEIUT L 3992602937 AN HULNI89AND A6 U (Low pass

«

B = oo - d'y qid s nll
filter) 'N’Wfl“'i!Lﬂﬂﬂ‘;‘@uﬂﬁu’lﬂ?\i@?%ﬂﬂ\iﬂ’]ﬂﬂﬁ‘i\iﬂﬁ‘ﬂh“’lﬂ"‘ WATUTIAUAIN (Voltage

Regulator) Az iindnussdiunssinenidanasmeagidntiantes v, sl s

a

Ay o o o - oo . < v < o
flfanasasusaiunsiaziianunanndideeiuuumninesuan lutlaqiiulsiiinvassaniania
o o e o A agw
wihidureasusduaeh Taduntendiuetreundvans [14]
2 ars v aa a a
3.2.1 #TIUTIAUFINTEUANSIA2ERBLsARNNELRRS
1 v
mm%‘wLmﬁua_;qm::memﬁqmwmﬂﬁmﬂLfam‘mﬁﬁ’u'luﬁfnmmamiwmLm@qﬁu
e B o P e . = de g
luaerieuiulivasagunniadegui 3.5 (n) WidaFeanszua wilutlaqiuilaaily
{ o o | v e e e - /
alflalanansieiminunsesusuiusagli 3.5 (1) uananlunsilidesnisldnsruagan
warauanulfuazusaiulaifiu 10 kv inaldeainheneslaylsen
aalyo =4 o =1
uaalalangayinaungsilitumileunaaslaleniall Aeddinnreuazgn

Udezeenu1anldailnn ukagnissiadmuenTunfaasruiasuianiia vasaguoyn

'
' o

2
N1ARINAT9Y AN TINULI T UgInFuNIeAr8anF e 200 kv usRANATANTZUAR
Usznnns 0.1 A ilenfFauifiauszudnemsengruniniaulnTenansissarinuuumds Sie
Sv iy Ay % P G d o o0 g u v
e lidiasilldvaanfou udednaladn lalanansiesarinAdeine ualua lus e fusam
NAUN (reverse voltage) uaziilumluFesurisunszans liainauetous i usafundy
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o “/]L +DC
ey ' ] J
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AC +DC

(A) W@uANMLE 1-U

<l o
519 35 Inlanusagauazifudnue

1 v
lalanAnraztinnszuaastiasinnlunanian uAaziuldlinszua ualufirniausasu
5 — s B B £ e e
naune Tumad fuidin e ndi@saminiu duiulugld 3.5 () lalenansieiniieziin

urssupnAfantantaslufianieiinszua wazsanlinszualvaidnies Tui An1an usedy

nauN1e N1rRanTaen inlentiuasAilateAAinee
" UNAUNAUNTY (peak reverse voltage)
" nszugAnIuuA (permissible load current)

" nezualaeda (surge current)

ar

IrARWIeaaFa1rN U R 1 Aw 1l HANRAAUTAUNALNIN wasAdanszualuan
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A15199 3.1 Lansn Il Iau s ustiaansiesinun

L THALRIANIIFIIN
ATNNA
Selenium (Se) | Germanium (Ge) Silicon (Si)
ANLBALTIAUNALNIG V 30-50 150-300 1,000-2,000
ANTZUARTA Alcm’ 0.1-0.5 50-150 50-150

faufouiuuialen Se uaz i aziiulddn se nunszuauasnuusadulEsi 3004
URnmnn uwinmageywiiusgeludamaaeslneialasnssuation Aelifiu 100
mA 1uil Se azimzuivUFINEN wazdwsazmadiAIA A N ge Seazilunaily
F09NINITAETIF L Lﬂ@ﬁ'}Lm”lmiammﬁiﬂﬁuﬁuﬁumnj nataAada N dredui Ly
muusasunaulita 600 kv Tnelaifeaclddifulrzqsetames uasidrAnandsenisuiled
Aa llaslanszuaiaada us Se flaentslfuinsdmiusaseasunn s lilssangnine
'Lunmiﬁ”l'ifﬁum:umjﬂ Si AzmNNZNINNATATNUIFUNTZUAR T

aieuna s RvneioafduuGoanssy LARFIUT AN UART WauTaFUA LAY
UIIAUG @:ﬁqmiﬁuﬁﬂmﬂmmu

1. NATEARN SRRy (Half wave rectifier)
2. nensARvieeafifuARL (Full wave rectifier)

e | ar o

lunsdindfdranssusaduuniiliguin avahraussiunszuanseganns 1 Tneld

v
@ o

1 . y 7 . a cd d
wariugunnseduiule ludamnseanssgeinll azldasansaivaine fatanan

- o
3.2.2 29as3anvheLaadiANARY (Full wave rectifier)

[

UHET WA ATUA Ty AC 4w 1 Cycle udnilFenuilul DC Fraradavey
= |3

pndueiynAnadwTainleAs Tusasisaivhaeeili 3.6 WuiasFaensruaisi

4 o Y v 4 oy da L e - vor o
AR "Nﬂ?:ﬁﬂ’ﬂum’mimtﬂﬂ 2 A1 TINTMUINITENINTE LA URIRZAIFIRZATIAAL Tmﬂlmmu‘qmu

1 2
] =

v e ulasiifisensanansnacn wasuuniasitlssAninmgs ussiuilfannute
wlassdneindeenitlauliiulalearsaesasdinasinai 180 asm Aodraitnduuan
andrauiladuay udensh v, fluuan nszuadnlszaasivatiulalen D, weiledoenau
aulalen D, azlithinszua wi v, Whuanlalas D, Asinszus nezuasndszqasivatinu

D, luélaluan R azwiniunasam i +i,
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2
de T
. (A) [3.1)
=0
s \/5
?/ e 2 =
wszasduunawmessvaen r=4/(L11) =1 = 0.48 viia 48%

D1

=

=l o ] v
719 3.6 997NN TEUASINARL Full wave rectifier

o @ " .
3.2.3 mnuLsEansaInszud (Capacitor fiter)
=l =3 d: o 2/ '3 d‘ =l as = B
warFeanrzuainaauin liuawefszaananas IaREUALNATEEINTLULAATS
ARU ABAZANAINNAIN 121% AAWAS 48% usifdniudniangesianisldau doymniluls
Taeli38nseanszus Wintiazndniiannsldiifiudszqnaanszuailaanuamesszaanles
L2 s =3 [ ' =‘; [ ] < as &  a ] P °
danas Aiudszqsinanatlazsantanviiaruiuiuiven sdntlszqludaeilalamingzug

uazardaeevramelsqliiuluanlugailalanlitiinszua

N2
|
f\) AC B .
~ Vi R
@

(n) 2997
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T=1/

(1) gUARULTIAY
<l N el @
519 3.7 2asuaivhawefdimlszanreanizug
a

Tuglf 3.7 () wamiivreansainsaiarenau dffulsvqnrasnszualiabu

a4

-

= v o o = P~ [ 1y o =
L7 iﬁLL?QmuﬂﬂﬂHqﬂﬂlugﬂW 3.7 (’ﬂ) 'ZQNNquiﬂi'ﬂ@ﬁﬂqquﬁlqquuuﬂﬂ LAZINATNINUNN

anwagsa 7 t = 0 usesumane v, ilugud udussiuatanivuan R Ay Cilu v, uaz v
4 y P W o L . 2
REAAAIAINIAT A NAEreq i R TuanisnusaAusnane vV INKIU AUNTENN V; 15N
' < L7 = ° ar G ' d" -1 o v
azgandn V, @ntasd ¢, lalemasianszua nezuadnilszy i, azvausadaieliaen
ARBINUANNANALS

- Cdu

W= 3.2
iv=— (3.2)

m:uﬂé’mﬂazﬂﬁ%ﬁ@m anadauLivguel Lﬁ@quﬁuﬁﬁwﬁuqqqmﬁmmﬂm iz
wreAudnlszanian C azwinuAIEDATEIUTIALAIATE V. nozud i, azugalua fause
AN V Buanaenndn v, 7t ¢, Wiasdniseq 1 <t<t,
v, =V (3.3)
Tutamneilsea t<t<t,
V1=V, e(t-t)/RC (3.4)

‘Luﬁﬁ V,,, = I;'T (35)
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] 0 i ¥

1o ¢, wnAuFmAsEuNInnd v, IalanFuiinseuadn arusavuazdninusalyl

) [ ar ar i [} -« A at
nrzuan naruluan R aviludadoulaanseaiy v, usazldidugued maziie C ugndn

i L 1

Urzq Cazmudszali R Aald Aadnaednszuaazgaduuin Wasuiunanisafivig
- A Ay ime oo < o = ° = «
wafATIARUN IHAAULIEANIBINTzIA UAZARUNIZLARRY (3zaan) fAzA1ad uWALAGS

FLABNALATAININADE

o 4 = % av
3.24 nmsmurnmunaipasseanniialdlasiminuilseansainseug
4 Ao o o e v o =
WalANALULTZaNTEINTIUA UINAUTENNTZUA LAY VIR UNAUNTELARTIALTIL T

[ { o s

NINTY HAGRqR V, WATUAI88A189UINAUAIA 8RR 1, =V, ULI9AUARUIZADN 1D

"

o g = l’, o o s 1%
NICUARALNTRUDEAD OV RAZUULNAURNTBIUTIAUNTZ AR T Vo azld
Vi=V,—6V (3.6)

1 ar A' L 2 o v o ﬂil =] 9 = g
doarrezdnlszg t-t, Baddas azinlRusaun FaenssuaudasuFauniniu lalanay

v 1
Ungzualudaedy uilalenassaeFuusaiulutaausasundunia vraludainlnlanluin

NIZUARAN 2 WNTBIALDATDIUTIAUAIALAD

VA'D =2]}T (37)

-:’II L = ar ' di 1 [
e ¥, reussduntanlnlan esandaeszeznaemlee t, = t-t,<<T

¥ “ o o A . % i J . &
aztiue1aAa lFd1m09re 8 A MU AUNAUNIAWNTL T = — WAZINTIZINLINAU

ar

szaan &V Aadesifuuny ¥, (7 <<V, ) asdunszuafisaiiuilizy C analiiuluanaa

iWurlszatnenan Q mildann

Q=57 z2Cé'V(L,C =—;—J ndtj (3.8)
s = du (3.9)
2fc

ar -

v
avuunAmassannAuIlAAINA N AN AUS

%

r= (3.10)

e

<3
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ar =
3.2.5 29R5NILSIAURLLLANARY (Full wave doubler)

= o 123 ﬂl v pr
WITNILTNAUBLURNNARUATINNIRININAT Half wave rectifier wunuanuasuuyy

= o A4 =l oo o Ao o
AU MATYAUNABLULANARUNLARY TR 3.8 29asaziliingisdunAnd uuLATIARY (Half
=) vy ' 13 dy = ar a:l 4’:’ 3
wave) uazeanuuunariameflditandifon aeastiasnanusasuwinnauiu 2 wirannuss
pulwinadu v, liduusesu 2v, anasand R n19vinauaesntasiiazitieanidu 2 109ha
pralmiAsuanaiizl 3.8 (n) lnlam D, azAmeanuay D, aztinnszua usasud C, azwiniu v,
R al e - g .
TuateloiAasient angu 3.8 (1) ursauiidluuanazgnunuinlasuseduinduauvini D,
Manszuauas D, AneeW N1 liLIAUR R Sannasanagszudna C, uax C, Naynsuy

ar o

P IO T - o
uag I uAun R, mnfuusediui C, sauifuusedui C, A v, uan azliusduening

o

Ny 2V,

o

D1
> T—
===

6, AC D2 i/"\m

i
- — s — — .
® oL
p— I
TN C2
8.
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<l v o~ ' o =
Eﬂ‘ﬂ 3.8 WATATWUTNAUNTE AR TIADUNIWLLIRNARNL

3.2.6 MIuIAUIALRIlAtan
ANNIIRAITUIUAEAIATIZINNAT Full wave rectifier #19fwiuaziiudniide D, 1
~ ar ] ' as ° =l ar ﬂlf L) | =l
nezuaariusviuAnATeN D, Wiy 2V, luniuesinaanuaneh D, unszualsngdniun
v 1%
FupnAfan D, W1y 2V, duiumszasiulunindenauinlaleaiuasiaammuumeiy

reversed bias AN 2V,

327 NISAIUIINAILSIAUTEAAN

LrasunTzuaildannniseeivneainussunizwaadu e ld lnlamiFeantzua wazi
faiulszansaanszuaia ldnauioy windunldfduduszaandailingaudaluisas
J o :: ar [=3 ¥ -] s nid o [~
NugI wsesuszaanaadnartuiulafetamlfduideaiuasasiillnlanuassinfiulseq

nIaanTzuantinaazsin lugui 3.7

FalANduRuiAe 5V =« (3.11)
2/C
e I = Anszuansanane linuivan (A)
sV = ANusAunsEINeN (V)
f = AN N1 uTesunTz naaduRaz i aitly

NTZLARIN (Hz)

C = A g InAnesaiudszanaenszua (F)
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onv Tafiluan
7 : i ! AV

dmax N/ 2 5]/

dmin [

20 Aluan
V 1
5
V(f)
0 \ / -t

T

A J at
517 3.9 paduusiunIzuanluuzilivan
n = auaudu
SV = UnpUIZAaN

AV = WNAUAN

3.2.8 NMFATUIUMILTIAUAN AV
naann ripple Mnl¥iAN voltage drop Anldanidaneuliifiiuan ldiivan a1ng
o o 2L ar o 1 1 CJQ i o ] -
wafnlszqnanaslffuussiudnlszqtiaanditnan uazdanaliuseiunnasananing
v !
wainrasnszuatiasndtaasaziilu duluusaiulninesiynazanasmingdi 3.8 luusaz

laiAaannisiansnnisanainannizua 7, aenlldeluandanilsza Q laidatdaeuan D,

WINszuaMtiud C, azdasanailizqaanun 1Q ussuanlu C, =AVC,=£

&

3.3 unasang lWuseganszuanss 50 kv
3.3.1 #ANNIFYINULIBILURRIAE NS IFINTTUART

WIA9A18 LTI IR LIIgeN Tz Uam I UIIg H09aTn178519ULL Voltage- double
circuit TnauseAuAURRALANFaEaeastaRaany daulszneuudnazsznaudaunie
waelnifia laleadniuFaanszua faddwe fdmiuanseauundu uazanitidaunna

I'e g -t ' « = 3 v ar
wef (Ripple factor) auruniuszudegUnraliduuuisiuauiuids aNNI0a319uNAY
v = oA = « v 4 = !u‘/
nTzuamse LA 50 kV n7zud 3 mA waziAitidaunawmeitioundd 3 % amnrniaandaun

o k73 14 :’/ :’; ar 5 ?z [ o 1 4
fuldauldiauuudauaniunmous Ltﬂ;‘i“ﬂ’iLLN@HLLUU@UT’]UHS’]’JH@%@ [15]
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TnsnnsAnf 1 stage

X1

o

D1

s

D2

S

] o
519 3.10 WAMAUNAW 1 stage

daniuum
WIFULBVINE Vi
NILUABIVIWA .
A NN Tz uaasL F
wlafidusitdla %ripple

50 kV,,
3 mA
50 Hz
3%

v o % v ' o e =§E’
AMNVANTUUATNAU AEWLITUTNAUBINNA 50 KV, U

\HaAnuseiun 1 stage azliusaiunienving

\/ =

- V =

mmum?ﬁ 3.1 oV = L
210

%ripple =

OV
V de

50000

3000
16.67 KV,

16.67 KV,

AN %ripple = 3%
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0.1

OV e
oV

WAUAN 3,357 k¥,

C

. C
Safety factor 1.25
&

wenld ¢ Mldeusse 0.208 uF

14

OV e

w1 Y%ripple

. Y%ripple

S Caum 0208 uF %ripple Mlazlaiifiu 3% auaeuiaansiednis
P

3.3.3 NISWIUUIATRINNBUL RS

INGAT Fa

g 4
26V

N AV
&
AV

av

OV v

Vs
0.1x16.667 kV,
L8672
2.357 kV,

3xJ10°
2x50xC

3x 107

2x50x2.357%10

1273 nF

15.91 nF

I(.’r
Il
3x10°
2x30x0.208% 10"
144.231 V,
144.231
NE]

101.987 Vims

de

101.987
16.667 %10
0.6119%

x 100%

2ny,— AV - 26V

2357 kV,

4714 kV,
I

_j%
0.208 pF

3x 10’
50%x0.208x 10"
288.5V
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WINTAATN 1 stage

16.667 kV, = 21, —288.5-4.7144 k¥,
2V, = 16.667ky,+288.5+4.714kV,
= 21.67 kV,
V. = 10.83 kV,
10.83k
v _ 0.83kV,
V2
= 7.658 KV,

Saunnnisiaenusiaulauns 8 kv wilunimiundiaulad 8 kv i 10 kV tusan
=~ J o ' nJ = 4
& gefunan waziiadselanilunisdfuan Eror MidaTuAwdan lfvdaulasaunn

22010 kv

o [ o
334 niseanuuulassadsuazanuuznIsAnnsaLns RNz AN
RPN b FAIEA? ERE T NG TR A
nsAuanisresvitefulszuAazunaLuuiuwanafin TaaAnfiqniinnivedla

Tamszudreuna FeRanrunqainnsianyidugidninsauuy nsanan-nnay (Sphere

to Sphere) AagL7 3.11

-t
k.

P
\-___—_/

\

Y
)
DA

<l | -
g1l 3.1 awwnflansanan-naanay auuEuENAUENa W)
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paduaNATEAaUN INH N gegma Tl AL

E nax

=

AHIATEAAUNN INANgIgaTL

ne Eve

o
1

LA

292.8kV

60kV

4.88

4.88

25d°+1

AINAIRIABIANYTOL

0 (1 !

_ %8 L 3.12
471'5(;;" (d—x)2) ( )
fogly

= ' (d-x) (3.13)
(1 i 2)

_+___

Fa s d

AANRMNNNAN (X =1, =T, =Ty =1,)
(3.14)

ANAREAINNAINUIAIITU ~ 292.8 KV/IIURINAT
ANLTIAUEDAAAY = 60 KV

r, = Iy WUFANe0mMInauaNNgn = 0.2 IUAINAT

254°+1
d(10d-2)
= 4.88(10d-2d)
= 48.84°-9.76d-25dP-1
= 23.84°-9.76d-1

bt.p —4ac
Za
(9.76)+/(9.76) — 4(23.8)1)
2(23.8)
9.76 +13.801
47.6




d = 0.495 | FURINAT

\ila Safety factor 250%
arldirraznarsudnaqniinng d = 1.238 lpuRwAg

aelFreeierinaszrdnaunn d+2r = 1.638 LHUFILAT

3.3.5 N1SAANBULRNDLUAS

uiaudasflauaiing 220 v/ 220 v 120 VA

AN9197 3.2 uamanireanuuuniiaudadlwinRnauunn 220/220 V

WA = 120 VA B=09T A=32x4 (cm)

£5 -9
AULFNNN
&9 a

N,=860turn | turn/fu =118 turn | V/iu=37.76 V

ANUNUTUNIUNR = 8 TU

PUNAUARIA = # 25 SWG.

AMUNRENN

N,=860turn | turn/fu =118 turn | VAU =37.76 V | Anuaufuianus = 8 fu

PWIRLARIR = # 25 SWG.

wiaudas i aunaiinm 220 V/ 10,000 V 250 VA

A9199 3.3 uananiseanuuumTeuladninftauune 220/10,000 V
WA = 250 VA B=08T

A=32x6 (cm)

v o
Aulsund

N, =575turn | turn/fu=85turn | VAU =40.687 V| A uauduienun =7 4u

PUIATARIA = # 22 SWG.

3 - a
MUNGan

N,= 26,150 turn | turn/fu = 592 turn | ViU = 283.42 V | A1usuduianue = 45 du

WUNAVARIR = # 42 SWG.

9 a & o
3.3.6 msaanwuulassasrsiazinasatinenl
3.3.6.1 NsaneAtBimeswaznisaningbalan

anganaaasfaadmeiildiduiuudidnnsalad TaflAn 10 4 F nuuseduls 450

V tiunaynsniu 48 i azldArad dnes 0.208 u F Fauiedeaynmiud Anlimes
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anursonuusasuld 20 kv Aeaynsuiulalendsld Power Diode lWaT1N5408 41U 24

o or

Wiy 1.2 kV Ganuusasiuld 28.8 kv Insunsgiinsnfazutiadu wed 1 fuuned 2 1edud

] v 1
8 Stage Teluusazumstiuazlsznaudaalalan 1 f uazant @wesan 1 f Aegi 3.12

24.5 TN.
A
@ 12 fia slaaynsy ——@— , ,
LS8 I FrETUIITENINIUDD
@ 12 fi7 AeaYNIY ———@— 1.238
14 1. K 12 #i9 FinaYnIN ——|H—
{( 12 A7 ARAYNTY ——-'H
{( 12 A ABBYNTN ——1 e—
K 12 Fi? Aiaaynsy —ie—
A J
-
srazWneTEndIenlanT
1.638 N,
(n) usegUnsnizauan
24.5 MH.
4
@ 12 A7 ABAYNTH —@— , ,
I FEEEUNITENINALDT
@ 12 97 ARBYNTH ——@— 1.238
14 1. € 12 ¢ Aeaynan —
{/T 12 17 ARBUNTY ——{H
€ 12 i snaynsy —|
€ 12 61 m"afaqn'su——|%
Y
-

FEEUTEUINAIANg
1.638 4.

(@) uglnsaigaay

<l o a &
suf 3.12 nrrdmeanthdineiuazlalen
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3.3.62 msaanwuulaseasna
duninergunsafeaidrdineiuazlalen Insdiundanuwdiunaiaiinuun 0.6

[ | s

it aanisiansnanaanilalidmiuduiafagninl fie Andwes uazlalen Tng
ﬂ’s‘i‘ﬂﬂ&lﬁﬁmL%m&Fi‘a’qﬂﬂ?ﬂi—ﬂ’ﬂﬂ‘ﬂ%jLﬂﬂ’aﬁlﬂﬁ]ﬁﬁﬂu’lﬁﬂﬂ?ﬂﬂ%dﬁ@ wHUNANARNHAI NI
0.4 Ui TagysznauudunaaAnudad AL IR 15.8 X 26.5 X 4.3 [URNAS
ielundaslunmaaisiuiuginaal tnga :ﬁ?:nm%quﬂm‘oigﬂu 2 §u efusay
%’quLLumﬂna‘miﬂwﬂﬁLmﬂfﬁmxim‘tfamﬁé’muu douguaradlufiresfundonas Inesin
nraanuuulilauim 90 x 76 x 448 LTURANAT ‘%’umqqq 24 \TUBINAT %uuuqq 22
s TnedfuylEldmanndesdudeniiuiinng 1x 1 da indulas gaudiniuld

UWHUWAIARNTUAA 0.6 [uRwnT Ny Tauandegiin 3.13

15.8 “dH.

4.3 ‘ﬁll.i

A
\

26.5 1N.

(n) Tanainreensasurmahiimefuaslnlaaninasnwinasan
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61 .

A
\

60 dA.

30 .

1\ 7 20

\
10 dH.

-

<
<i-

60 dd. 7 =

v 1
() TATeaE9aetuenNasa NN N ing N

61 dH.

30 dH.

60 . A

30 .

() TA94A 5197 AT U NBIANN ALY
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l 5 9

10 9.

I

e 10 M.

I

2.5 Iy,

(4) 47 Output N4AL 50 KV

= Y -
1% 3.13 TanaFauardurneginon

3.4 NITNAFDALINATNILTIAU 3 Stage (Cascade Double Circuit Test)
nMmaseuuaztszfiune WevnaudnenzauTRremnasairaunasng iy
ganszuanss mudiiianseenuuuldindulmamnuiviela inlinmuesdisznouia
HANTENUABUNAUANATEN UTIAUTEARN ABsaLiulses lalam fafiuniu lunimegaw
uismuniranausadu Wi zusasuiM sz uanseiliesiwmuunuan (Positive) ax
naaauuuLliitian uaziiuan lnaanasey A Resistance 17 M2 (100% 199N7ZUE
Mangaqaf 3 mA) 142 NTUs9sY 3 Stage uazasatlunimmaseuuansluglf 3.14 uas

3.15
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—~n

101 220/10000 V/ 7S
& =
§ % ? g INS408 == iﬁ”ﬁ
)
INS408 T
HF
s
N
11 220/10000 Vv PR
%)
e IN5408 = 0208
HF Vaour
NS4 T gra
HF
£
)
1A 220/10000 V =N
p 30
2 g g g IN5408 =< 0:208
> .
NS08 T g
HEF
WA
< - %
UM 3.14 2939MAUT95U 3 Stage
101 220/10000 V ~
N
gHE ﬂ g 1NS408 ;Ngf’F“
NS08 T gn
HF
ViPa
oA Vollage
Divider x 1037 37
444 220/10000 V 7N
S
) 3 N5408 0208 /
g HE L|Rlcad e
Tl 7me
INsdon o
F
Fac i
Ry
1:1 220/10000 V ~
% i
‘ ‘ é g‘ g IN5408 = 0208
MF
INSEOB T i
UF
i)
St

= o
519 3.15 N1IMAARDLNAITNAUWINAY 3 Stage WL Positive
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341 TUABUNNSNARALIIATNITIAU 3 Stage
1. ﬁmqfﬂﬂum?wmmmwswﬁLLiqﬁu’Lugﬂﬁ 3.16
o arausernliinsrundiowlaalngld Variac Wusaauauusaiulin (Weediu
funmraanieulas) A1eusesiu Step 42 20 Tnan
3. neaeuuuulifiivan
3.1 i Lmﬁuwﬂw%uﬁfam uazauAusaAulia (Ve Output) 184 DC
High Voltage Generator aanaaadalaalal YOKOGAWA Tl Probe x 10
3.2 TuiinAaInse
4. nagauLLLNIMAA
41 dfuussiuliiindudend uazdiudtussduluia (v, Output) 784 DC
High Voltage Generator anaaadalaalal YOKOGAWA el Probe x 10

42  TRUNNAIAIR1TN

<l ' 1
M990 3.4 LAANATNITNAZDU LLUUiNﬁTW@ﬁ

V¢ (Input) — Vo (Output) Vi % ripple
(V) (A) (kV) (V) (%)
20 0.13 6.62 331.95 5.01
40 0.18 13.50 331.95 2.45
60 0.22 20.67 331.95 1.60
80 0.25 29.01 331.95 1.14
100 0.27 36.72 362.70 0.96
120 0.29 43.42 352.70 0.81
140 0.32 51.19 352.70 0.68
1565 0.34 56.40 352.70 0.62




< ' .
M1919% 3.5 LLﬂﬂQﬂ’m’]‘i‘Wﬂﬂ@ULLUUﬁTWﬂﬁ waanaaay A8 Resistance 17 MQ

V,e (Input) liotan Vpe (Output)
(V) (A) (kV)
20 0.18 5.14
40 0.31 10.58
60 0.44 15.75
80 0.58 21.78
100 0.71 27.26
120 0.82 32.04
140 0.97 37.54
160 1:12 43.33
180 1.27 48.26
200 1.44 5319
220 1.63 58.56
A19199 3.6 wansAlafiusUdla (% ripple)

Ve (Input) | Vpe (Output) Viooi % ripple .
(V) (kV) (V) (%) (mA)
20 5.14 342.33 6.65 0.32
40 10.58 3562.70 3.33 0.66
60 18:/5 373.45 2.37 0.98
80 21.78 394.20 1.81 1.36
100 27.26 404.57 1.48 1.70
120 32.04 414.94 1.29 2.00
140 37.54 435.69 1.16 2.34
160 43.33 456.44 1.06 2.70
180 48.26 456.44 0.94 3.01
200 53.16 487.56 0.91 3.32
220 58.56 497.93 0.85 3.66
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=

nTANU AN B SLTus Voltage regulation azA1uanlne 1A usesuBunanAia LAy
100V
27.30 kV

~
Sfull-locd

~ 36.70 kV

no=load

28V

11

AW &

809.14
2
- 404.57 V..

OV s

bpe

_ 404.57 <100
27.26x 10

= 1.48 %

V cipie

1]

% ripple x 100

. V sisctoat =V ittt
% Voltage regulation = Vovtod =V sacimt o 10095
Vﬁﬂ.‘:‘-ﬂﬂa«f

= 34.40 %

JUATYIINIUTIAUNTE AR TIVDIUN AR N WA UGINTEUAR TS flFarnnismaasslng
14 variac AuARussiulAR1Buns 317 3.15 wazgUf 3.16 uanedoyryInLsad Output
a1 van uardrynyiniusaduszann Output 1oue iR Tuan {fladneusadu Input 140
Volt 1ne 19 Oscilloscope YOKOGAWA el Probe x 10 Tnadminusaulaausesiu (R
Divider 8AT1@91 1037:1) %qqqnﬂqﬁmﬁ'magﬂmﬁQﬂdﬁq aelfAdafidus Ripple iy
1.37 % eliifuAMNARgILIR9 IEC 60-1 Anmualiuns e usaiugedesiiduefifud

Ripple laiifiu 5 %
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CHirav ; : ; : T imejav
£ o i o S : : 3 : C [ div)
: . ... NORMIMS /e
-

i

PO §;| R L T B

sTracsle P-p  2.40mv Lea.3sv G Avg  e8iase

1

3.15 dryryrnuuaesiu Output arus il vam Wasneusadu input 140 Volt

eal)
.
=»

'E"nm;f div
D (Gosydiv)
NORM2G0kS /s

I P S S v N

T -
=Tracel= P-P  680.0m¥ -  Ams  230.2mY ©  Avg 45 61ev |
|

< o ' { [

519 3.16 Aryryrnuusesiuszaean Output anuclaifiluan Wasnausadu input 140 Volt

3.5 msiunasangllussnuganszuansann ldluanuiag
v
Teddeiilih s Wussiugenszuansanld lnadAnnauim 50 kv nazus

3 mA ripple taandvTawiniy 3% unisafeunasaslussuganszuanslneandeng

% EY v v
AINUFIUNITA TSI AUARIWINT AR e YN INY arunsnidendauseiuldeuldisuundn

UINAUNTILA wazdqusssuuuuauiunmuals e luanuddsiaandauuuudonsasiy
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3’/ [ ' L3 =l ;}é’ 1 a o 1 ar 1
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UNY 4

ngtlszanaldanulwluiadmunlumalainssula

4.1 uni

A3 W LB A us (Finite element method: FEM) [16] WWAT @esa 11383 5n19wAn

A - o | ar
povlaslssinaiiisrdnnmiunmmdrensssdyidanenizgila feswan
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EGAT-TNE 300/600 MY
HVDC INTERCONNECTION PROJECT

4 i

CLHE
1.3

‘I'STEM VOLTAGE
2, CONDUCTOR DATA

112

+300 V.

2.1, FOLE CONDUCTOR {TWO CONDUCTORS PER POLE)

TYPE
CONDUCTOR
CODE NAME
HO. OF STRANDING AND DIAMETER
NORHINAL DIAMETER
NORMINAL AREA OF COMPONENT
STEEL CORE
ALLIMINILIN
COMPLETE
APPROXIMATE WEIGHT
ULTIMATE STRENGTH
DC. RESISTANCE AT 206 C
FINAL MODULUS OF ELASTICITY
COEFFICIENT OF LINEAR EXPANSION

2.2, NEUTRAL CONDUCTOR

DATA
546 mme ;o 954 kemil ACSE
" CARDINAL ©
54X3.38 / 7X3.38
038 m.
62.81 mime
453.40 mime
546.20 mme
1.826 ka/m
15345 kg
0.0597 ohm/km
G&00 ke mme

19.3X10%  /oC

(TWO CONDUCTORS CARRIED IN SHIELDWIRE PROTECTION WITH 0o

SHIELD ANGLE)

TYFE

CONDUCTOR

CODE NAME

NO. OF STRANDING AND DIAMETER

HORMINAL DIAMETER

NORMINAL AREA OF COMPONENT
STEEL CORE
ALLIRINILM

JATA
298 mme o 477 kemil ACSE
" HEN "
N30/ 7X3.20
¥,

2242 .

56.30 mims=
241,70 miTe
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COMPLETE 208,00 mimz
APPROXIMATE WEIGHT 1.108 ka/m
ULTIMATE STRENGTH 10442 k
DC. RESISTANCE AT 20 C 0.1194 cha/km
FINAL MODULUS OF ELASTICITY A0 ka/ mme
COEFFICIENT OF LINFAR EXPANSION  17.8X10°  /C

2.3, FIBER OFTIC GROUND WIRE

I1EE

SINGLE MODE 12 CORES

NORMINAL DIAMETER 13.20 mm.
NORMINAL AREA OF COMPONENT
STEEL CORE 24.10 mims
ALURIMITIY 6. 20) mimz
COMPLETE 60,30 mims
APPROXIMATE WEIGHT (0.415 ka/m
ULTIMATE STRENGTH 5900 kg
DC. RESISTANCE AT 206 C 0.44 ohmkm
FINAL MODULUS OF ELASTICITY G000 ka/ mm=
COEFFICIENT OF LINEAR EXPANSION — 16.7X10"% el
3. OPTIMUM SPAN LENGTH 450 .

1. GROUND CLEARANCE
(ARADAE ¢ TSEOA)

8.5 METERS UNDER MAXIMUNM ELECTRICAL LOAD AND AMEIENT QF 40 C
CONDUCTOR MAXMUM TEMPERATURE 75 C

5. POLE SPACING

DC POLE SPACING OF 10.0 METERS MINIMUM

b. GROUNDING

INDIVIDUAL TOWER GROUNDING AND COUNTERPOISE AS NECESSARY TO
LIMIT MAXIMUM EOOTING RESISTANCE TO 10 OHMS.
7. RIGHT OF WAY WIDTH 40 M.
8. ELECTRICAL EFFETS
8.1. MAXIMUM ELECTRICAL FIELD
-~ MAXIMUM CONDUCTOR GRADIENT 23.2 B/
~ BENEATH CONDUCTOR 28.5 k¥/m



- AT EDGE OF RIGHT OF WAY 10 kVi/m
8.2. RADIO NOISE

- BENEATH CONDUCTOR 57 dB

- AT EDGE OF RIGHT OF WAY 445 dB
8.3. AUDIELE NOISE

- BENEATE CONDUCTOR 34 dBA

- AT EDCE OF RIGHT OF WAY 30.6 dBA
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PRINT EF ELEMENT SOLUTION PER ELEMENT

e POST1 ELEMENT NODAL ELECTRIC FIELD LISTING *****

LOAD STEP= 0 SUBSTEP= 1
TIME= 1.0000 LOAD CASE= 0

THE FOLLOWING X,Y,Z VALUES ARE IN GLOBAL COORDINATES

ELEMENT= 1 PLANE121
NODE EFX EFY EFZ EFSUM
352 -281.08  10337. 0.0000  10341.
353 -405.51 10457.  0.0000  10465.
329 -280.87 10612.  0.0000 10615.
330 -228.75 10491. 0.0000  10493.

ELEMENT= 2 PLANE121
NODE EFX EFY EFZ EFSUM
352 -284.66  10339. 0.0000  10343.
330 -227.78  10499.  0.0000  10501.
331 -167.58  10434. 0.0000  10435.
332 -170.76  10373. 0.0000 10374.

ELEMENT= 3 PLANE121

NODE EFX EFY EFZ EFSUM
325 -300.01 10822. 0.0000  10826.
418 -294.97 11069, 0.0000  11073.
405 38.401 11236. 0.0000  11237.
356 97.923 10868. 0.0000  10868.



ELEMENT= 4 PLANE121

NODE EFX EFY EFZ EFSUM
418 -298.91 11062.  0.0000  11066.
409 -350.20 11355. 0.0000  11360.
389 82.067 11550. 0.0000  11550.
405 13.864 11241. 0.0000  11241.

ELEMENT= 5 PLANE121
NODE EFX EFY EFZ EFSUM
332 -168.71 10366. 0.0000  10367.
333 -128.30  10311. 0.0000  10312.
351 -184.35 10239.  0.0000  10240.
352 -281.05 10341. 0.0000 10345.

0 POST1 ELEMENT NODAL ELECTRIC FIELD LISTING *****

LOAD STEP= 0 SUBSTEP= 1
TIME= 1.0000 LOAD CASE= 0

THE FOLLOWING X,Y,Z VALUES ARE IN GLOBAL COORDINATES

ELEMENT= 6 PLANE121
NODE EFX EFY EFZ EFSUM
333 -126.47 10312,  0.0000 10313.
334 -66.568 10276. 0.0000 10277.
350 -91.092 10198, 0.0000  10199.
351 -184.56  10238. 0.0000  10240.

ELEMENT= 7 PLANE121
NODE EFX EFY EEZ EFSUM
334 -66.024 10277. 0.0000 10277.
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335-0.30814  10267. 0.0000 10267.
349 -1.3484 10186. 0.0000 10186.
350 -90.806  10198. 0.0000  10199.

ELEMENT= 8 PLANE121

NODE EFX EFY EFZ EFSUM
335-0.25231E-01 10267. 0.0000  10267.
336 64.789  10277. 0.0000 10277.
348 86.942 10198. 0.0000  10198.
349-0.81485 10186. 0.0000  10186.

ELEMENT= 9 PLANE121
NODE EFX EFY EFZ EFSUM
336 65.089 10277. 0.0000 10277.
337 126.70 10309. 0.0000  10310.
347 174.24 10232, 0.0000 10234.
348 87.573 10197. 0.0000 10198.

ELEMENT= 10 PLANE121
NODE EFX EFY EFZ EFSUM
337 127.11 10309. 0.0000  10310.
338 182,78 10369. 0.0000  10371.
346 262.64 10295. 0.0000  10298.
347 174.86 10232. 0.0000  10233.

**0k POST1 ELEMENT NODAL ELECTRIC FIELD LISTING *****

LOAD STEP= 0 SUBSTEP= 1

TIME= 1.0000 LOAD CASE= 0
THE FOLLOWING X,Y,Z VALUES ARE IN GLOBAL COORDINATES



ELEMENT=
NODE EFX
338 183.28
339 228.09
345 354.47
346 263.00

ELEMENT=
NODE EFX
339 229.24
340 261.75
344 45056
345 363.70

ELEMENT=

NODE EFX
340 264.56
341 293.10
343 568.21
344 44736

ELEMENT=
NODE EFX
341 283.61
421 557.81
327 729.16
343 567.72

ELEMENT=
NODE EFX
414 849.10

11 PLANE121

EFY
10369.
10466.
10394.
10294.

EFZ
0.0000
0.0000
0.0000
0.0000

12 PLANE121

ERY
10465.
10617.
10546.
10393.

EFZ
0.0000
0.0000
0.0000
0.0000

13 PLANE121

EFY
10617.
10876.
10728,
10544,

EFZ
0.0000

0.0000

0.0000
0.0000

14 PLANE121

EFY
10874.
11095.
10925.
10729.

EFZ
0.0000
0.0000
0.0000
0.0000

15 PLANE121

EFY
11183.

EFE
0.0000
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EFSUM
10370.
10468.
10400.
10297,

EFSUM
10467.
10620.
10556.
10399.

EFSUM
10620.
10880.

10738.

10553.

EFSUM
10878.
111089.
10948.
10744,

EFSUM
11215,



327 727.31

421 559.36
421 559.36

10923.
11088.
11098.

0.0000
0.0000
0.0000

10947,
11113.
11113,

e POST1 ELEMENT NODAL ELECTRIC FIELD LISTING *****

LOAD STEP=

TIME= 1.0000

0 SUBSTEP= 1

LOAD CASE=

0

THE FOLLOWING X,Y,Z VALUES ARE IN GLOBAL COORDINATES

ELEMENT=
NODE EFX
341 290.55
342 166.68
420 462.27
421 560.48

ELEMENT=
NODE EFX
420 463.22
324 827.29
414 830.38
421 566.92

ELEMENT=
NODE EFX
413 72242
324 807.64
420 466.39
420 466.39

16 PLANE121

EFY

10865.
111565,
11343.
11087.

EFZ
0.0000
0.0000
0.0000
0.0000

17 PLANE121

EFY

11338.
11436.
11193.
11094.

EFZ
0.0000
0.0000
0.0000
0.0000

18 PLANE121

EFY

11672,
11443.
11337.
11337,

EFZ
0.0000
0.0000
0.0000
0.0000

EFSUM
10869.
11166.
11352.
11101.

EFSUM
11348.
11465,
11223.
11109.

EFSUM
11694,
11472.
11347.
11347,
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ELEMENT=
NODE EFX
342 156.57
326 94.271
419 348.19
420 466.31

ELEMENT=
NODE EFX
419 349.80
391 555.54
413 71517
420 465.46

19 PLANE121

EFY
11159.
11465.
11602.
11340.

EFZ
0.0000
0.0000
0.0000
0.0000

20 PLANE121

EFY
11688,
11815.
11684.
11336.

EFZ
0.0000
0.0000
0.0000
0.0000

EFSUM
11160.
11466.
11607.
11350.

EFSUM
11605.
11828.
11705.
11345.

¥ POSTT ELEMENT NODAL ELECTRIC FIELD LISTING **+*

LOAD STEP=

TIME= 1.0000

0 SUBSTEP= 1

LOAD CASE=

THE FOLLOWING X)Y,Z VALUES ARE IN GLOBAL COORDINATES

ELEMENT=
NODE EFX
419 351.16
411 237.51
412 402.25
391 550.20

ELEMENT=
NODE EFX
326 86.465
410 65.011

21 PLANE121
EFY EFZ
11598.  0.0000
11848.  0.0000
11961.  0.0000
11819.  0.0000
22 PLANE121
EFY EFZ
11472.  0.0000
11718.  0.0000

EFSUM
11603.
11850.
11968.
11832.

EFSUM
11472.

11718.
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411 223.74
419 352.24

ELEMENT= 23

NODE EFX
353 -409.36
354 -517.36
325 -287.24
329 -283.91

ELEMENT= 24

NODE EFX
354 -517.95
355 -618.02
418 -291.98
325 -298.30

ELEMENT= 25

NODE EFX
328 -700.76
409 -345.52
418 -293.67
355 -617.91

11829.  0.0000
11599.  0.0000

PLANE121

EFY EFZ
10456.  0.0000
10643.  0.0000
10813.  0.0000
10612.  0.0000

PLANE121

EFY EFZ
10642,  0.0000
10882.  0.0000
11072.  0.0000
10817.  0.0000

PLANE121

EFY Bz
11172.  0.0000
11365.  0.0000
11076.  0.0000
10885.  0.0000
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11831.
11604.

EFSUM
10464.
10656.
10817,
10616.

EFSUM
10655.
10900.
11076.
10821.

EFSUM
11194,
11370.
11080.
10903.

e DOST1 ELEMENT NODAL ELECTRIC FIELD LISTING ™

LOAD STEP=
TIME= 1.0000

LOAD CASE= 0

0 SUBSTEP= 1

THE FOLLOWING X,Y,Z VALUES ARE IN GLOBAL COORDINATES



ELEMENT=
NODE EFX
328 -693.56
415 -766.71
408 -405.05
409 -331.42

ELEMENT=
NODE EFX
415 -752.69
416 -767.32
323 -498.21
408 -409.63

ELEMENT=
NODE EFX
416 -787.92
417 -734.02
394 -601.82
323 -494.25

ELEMENT=
NODE EFX
417 -T73.43
403 -868.45
396 -681.29
394 -600.62

ELEMENT=
NODE EFX
416 -788.60

26 PLANE121

EFY

11169.
11476.
11632
11360.

EFZ
0.0000
0.0000
0.0000
0.0000

27 PLANE121

EFY

11472.
11734.
11845.
14637,

EFZ
0.0000
0.0000
0.0000
0.0000

28 PLANE121

EFY

11746.
11914,
12014.
11845.

EFZ
0.0000
0.0000
0.0000
0.0000

29 PLANE121

EFY

11934.
12092.
12131.
12006.

EFZ
0.0000
0.0000
0.0000
0.0000

30 PLANE121

EFY

11717,

EFZ
0.0000

123

EFSUM
11191,
11502.
11640.
11364.

EFSUM
11497.
11768.
11855.
11644.

EFSUM
11772,
11837.
12029.
11855.

EFSUM
11959.
12124.
12150.
12021.

EFSUM
11743.



393 -946.35 11854, 0.0000  11891.

403 -1005.0  12017. 0.0000  12059.

417 -740.18  11938. 0.0000  11961.

e POST1T ELEMENT NODAL ELECTRIC FIELD LISTING *****

LOAD STEP= 0 SUBSTEP= 1
TIME= 1.0000 LOAD CASE= 0

THE FOLLOWING X,Y,Z VALUES ARE IN GLOBAL COORDINATES
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Abstract

This paper presents the study of effect of electric
field ta rice plant growing. The research is focused on
electric field. The comparison s done  under the
condition of electric field and non electrie lield. The rice
plant ig experiment under condition electric field at 193
EV/mL 4 KVim and without clectric Tield respectively. 1t
is found that the rice plant growth with both electric field
had  growth rate and elongated radical hicher than
without electric field especially on the day -6,
Keywords:  Biolngical effect, and electric field effect.
1. Introduction

Nowadays, the Electricity Generating Authority of
Thailand has a responsibility 1o produce and distribute
the energy  via  high-voltage lransmission  line o
substation,  The  wvoeltage  level  of  high~vollage
transmission fine Is 3% KV, 230 kV, 115 kV and so on,
In this study, High Voltage Direct Current (HVIN)
zeneralor electric field is applied o 100 3 ree seeds.
This is the first step 1o investigate the effectiveness of
tHigh Voltage) HV in terms of AC Vim on the rice
growth [1].

2. Applied E-ficld

Electric field strength [2] can be caleulated by
zeneral equation. Equations ¢ 1)-(3; are obtained from the
following equations.

U
dn

Eman = ol

f.:-mux

L_(H' =-—' (.“3
)

& = voltage between electrades (Vi

d = distance between electrodes (m)

Fmox # the maximum ol electric field stress (Vo)

E’Li‘v e
& - — . -
1N = tield utilization factor

From Egsily (2) and (3 the HVDC 20-50 KV s

average value ol electric field (Vv my

-
cbtained. In this experiment. 17 = 0.8 is applied.

3. Experiments and Measurements
3.1 Experimental Apparatus

This research uses DC power supply that can
vary vollage level G50 KV with current 10 ma at 10%
ripple factor, Two aluminum plates are used as the
electrodes which the distance from the bottom plate Lo
the top plate is equal to 20 ¢m, Figures B3 show the
HYDC  power supply, HVDC  electrodes  and  test
diagram respectively,

Figure 2 HVDC electrodes



Arrnim Fise
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250 mm
#0rmm
—
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Figure 3 Test diagram

The effect of Electric field to the growing [3]. [4] of
rice plants is studied by comparing amony 3 conditions.
hese conditions are as follows,

Reterence box. rice is growing without E field.

HVDC box, rice is growing under E = 193 kVim

HVDC box, rice is growing under I = 4 kVim

T
1.
2

3.2 Measurements
The test procedure is done as shown in Figure 4,

Rice

seed selecling

4
Svaking rve seed in water
far 24 Hr.

F
Cover with wel cloth far

48 Hr.

f
100 rice seeds lay 10
plastic box

¥ ¥

Set it with Revord data and| Set it without
electric feld statistic unalysis| electric field

Figure 4 Block disgram of Fxperimental

The select seeds of rice soak in the waler for 24
hours, Then. the seeds are covered with wel cloth for 48
hours. Each 100 seeds are arown in the plastic bex,
which these boxes have their cover as shown in figure 3.
In the experiment, two special paper sheets are used to
the base boxes and the & ml of water is filled into plastic
boxes are arranged. Rice under test in plastic box is
placed belween the two aluminum phlles which the
distance from the bottom plate to the wop plate are equal
te 20 em. the reom temperature and relative humidity wre
edual W 28 "Cand 70 " respectively,

e
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Figure 3 A sample of rice seeds to be investizate

7 plastic boxes are used for each condition. the

Elcight fem)
0

arowing of these plants are recorded by the measurement
of their beight and the straight of
callected every Jday for 7 days as
The experiment are carried out fo
Figure 4.

their roots. The data is
shown in Tigures 611,
llowing the diagram in

.00

.00

6.00

500
400
300
711 [ —

Dfverade withoul [
OAveade wilh £

oSId. Desialon without [
WSl Devdaticn wilh £

Figure & The average of height by electric field

193 kN om

TEeight (em)
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&m

——derae winilE

—W—bwyp ahf
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—A—34 Deasao v [
==t Dodin ath £
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Figure 7 Effect of electric field 193kVm
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Figure 8§ The average of elongated radical by electric

field 193 kV'm
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Figure 9 The average ol heizht by electrie field
4kVim
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Figure 10 Effect of electric field 4 kv m
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Fiaure I'1 The average ot elongated radical by electric
field 4 kVim
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Figune 12 The average of height by electrie Licld
between 193 kKVAn and 4 kV'm

ARSI
193 KV kv Without E-field

Figure 13 The germination characteristics of rice plant
are compared among without electric field. with electric
field 193kV-m and 4kVimafter 7 days respectively

4. Results and Discussion

4.1, The rice plants which are tested with electric
field at 193 KV m. The average height is equal to 4.2 em.
the standard deviation is equal to 0.2 em bul without
electric field are equal o 3.7 em oand 0.3 em respectively,
The data are shown in figure 6 and figure 7. From fieure
6 tor the first & days, the rice plants with eleciric field
have growing rate of leaves high is higher than without
electric field bul the seventh day. both group have nearly
the same rate of height. However, the average of
elongated radical is Tonger than without electric field for
all 7 davs is shown in figure ¥,

4.2, The rice plants are placed with the electrie lield
at 4 kV'm. The results of the average height is equal to
A5 em. the standard deviation is equal o 0.9 ¢m but
without electric feld are equal to 2.7 em and 0.7 ¢m
respectively. as iHustrated in figure © and figure 10,
From these data. the rice plants under (his condition have
arowing rate ol leaves high and elongated radical is
higher than without electric field as shown in figure 11,

4.3, For the lirst ¢ days. the average of height
compares between rice growth with electric field (93




KV moand 4 KVim, [t is shown that with electrie field 193
kVom is highest, Nevertheless. the third day is lowest.

5. Conclusions
From the results, it can be concluded that:

3.1 For the case that rice plants with electric field at
193 k¥ 'm. the average height of these rice plants are
higher than that withput electric field on the first & days.

Al seventh day bath group have nearly the same rate of

height.

5.2 In the case of the rice with electric field at 4
k¥ m. The average height of leave is higher than without
electrie field and elongated radical is longer than without
electric feld forall 7 days.,

3.3 The comparison of zrowth rale between rice
growth with electric field 193 kKVim and 4 kV/m, The
results are shown that 193 K m is highest.

34 The growth rate of rice plants are depended on
ntensity of electric feld.
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Abstract

In this paper. the effect of electric field
on the growth of rice plants is studied. The
rescarch s tocused on eleciric field. The
comparison is done under the condition with
clectrie field at 28.5 kVim and without electric
ficld. The rice plants are experimented under
the condition of the electrie field. Rice is Taid
lransversely  amd  horizontally.  respectively.
The results with elecwric field are compared
with without electric field. 1t is found that the
rice plants growth with electric field have the
high growth rate ol the height of stems and the
length ol roots more than the case of without
clectric field.

keywords:  Biological effect, clectrie field
effect, plants development, rice growing,
EMNC

Introduction

Nowadays. the Electricity Generating
Authority of Thatland has a responsibility o
produce and distribute the energy via high-
voltage lransmixxi(m line o substation. The
voltage  levels ol high-voltage  transmission
line are 500 KV (AC) 300 kV (DC). 230 kV
(ACYL 15 KV (AC) and cte. In this study.
High  Voltage  Dircet  Current {(1IVDC)
generator with  electric field (300 kW) s
applied to 100=7 rice seeds. This is the [irst
Sep o Envc%tignlc the effectiveness ol high
voltage (1IV) in terms of DC Vim on the rice
arowth |11, 6]

Applied E-field

The breakdown field strength 5, for
aluminum plates  is based  on electrode
configurations, diclectric properties. atmospheric
pressure. temperature and ete. The employed
clectrode used in this germination  makes
dissimilar electric field strength in cach point.
The uniformity  of electric field  strength
depends on a figure of electrode. Electrie Held
strength [2] can be caleulated by Egns. (1-3).

Fmax ™ — r
dn
" i
v Tain i
1 R et | A | ;1)
jlmu.\
5 { 2
Epn=— fa)
o
i the vodtage benveen cloctrades €173
f{ (e distance betwecn clecireades aav
Fiiini e poannan of clectie freld steess 0 iy
Ly the wverage vadie of eleciet flold o8 m)
¥ " ¢
n e fredd wtibization facior

The electrie field is 28.3 kV/m beneath
the 300 kV DC wansmission line | 7). In order
to realize the experimental condition equal o
the practical condition (28.5 kKVim). it o be
given by TIVDC shown in Figure 1 s
calculated from Ligns. (1-3). ‘i‘].*”; 1.8 is used in

this experiment.



(Right-ol-vay Edge)

Figure 1 300 kV DC transmission ling

In the 300 KV DC transmission line. the
caleulated voltage between electrodes is as
follow :

i} I/
Eope ™ —
o N
- Ii
285=107 P gy
20x 197 =x0.8
(= 4,360 volt

Experiments and Measurements
Experimental Apparatus

This research s carried out using 1IVDC
power supply generating level 0-50 kV with
current 10 mA at 10% ripple factor. Two
aluminum plates are used as the £ electrodes.
The distance from the hottom plate 1o the wop
plate is equal to 200 mm. Figures 2 and 2
show the 1IVDC power supply. the [IVDC
clectrodes. the test system and the experiment
procedure, respectively,

133

{a) Cencral view

Alutrinium Plate

Samale

&

H ke 2Zmm
DEOKY —T— 200 i, / I X
\ +260 m

k]
t 200 inmm.

Ground

{b) Block diagram
Figure 2 Testsvatem

The eftect ol Electric 1ield 1o the growing
ol rice plants has been studied |3-6] by
comparing  among 2 conditions,  These
conditions are as follows,

I, Rice is growing under I = 28.5 kKV/m a1 7
diys.

2. Inreference box. rice is growing withowt E
ficld.

Rice is laid transversely and horizontally,

E o= 28.5 kV/m is set up by referring w
the practical power line transmission 3 KV
in Thailand. where the Vg = 4.36 kV and the
transmission line height = 8.3 m.

Measurements
The experiment is carried out as shown
i Flgure 3.



Rice seeds seecting (ihe munber
ol tiee seeds used in thg expetiment
i 40N T a4 112008

L

Soahsng the nee seeds i the water for 24 Hes

!

Conered with wet cloth for 48 Hrs

¢

The 2,800 rice seeds ase transversely lad and the
2,800 rice seeds are horizontally Lmd in plastic box
is comprised]

F 3 ¥

Transverse sels
wilh elecine field
2R3 KVim

Honzontal sets
with electric lield
283 kViam

without eleciiic
field sets

Data record and statsue analysis

Figure 3 Experiment proeedure

The rice seeds with the same size and
weight are selected and souaked in the water for
24 hours. Then, the rice seeds are covered
with wet cloth for 48 hours. 100 seeds are
placed in cach plastic box. which these boxes
have their cover as shown in Figure 4. In the
experiment. two special paper sheets are used
on the base in boxes and the 20 ml of water
filled into plastic boxes are arranged. The rice
seads under test in plastic box are placed
between the two aluminum plates which the
distance from the bottom plate to the top plate
is equal to 200 mm. The room temperature
and relative humidity are equal o 25 °C and
70 %o respectively,

The 700 rice seeds of 2.800 are laid
under the condition of without electric field
for 7 days. 2,800 rice seeds are separated to 7
croups of 400 rice seeds. Each group is
exposed 1o the 28.5 kKV/m electric field for 1
day. 2 days. 3 dayvs. 4 days. 5 days. 6 days and
7 days. respectively, The test has been done
for 4 time based on statistic data.
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Rice seeds containing in 7 plastic boxes
are used for each condition. The growing ol
these plants are recorded by the measurement
ol their height of stems and the length of their
roots. The data are recorded every day for 7
davs. The experiment is carried out [ollowing
the diagram in Figure 3.

Figure 4 shows the layout of rice seeds.
Figure 5 shows the definition evaluation
items for growth of rice seeds.

(a) Lavout ol sample rice seeds (FPhoto)

Hanw Covel

: _

AL e » 48 Sedands
e Pl Bow
vt )i
Faoer shiets

1
g 230mm

(h) Transverse Sct
Pasie Jover

/IE e & 10 o3 arry
Pastic B

L e G

143 orn

Bt srats

o
{¢) Horzontal Set

Figure 4 Layout of rice sceds
Experimental Results

The experimental results are show
Figures 5-7 and table 1.

H



Figure 5 Ivaluation items for growth of rice

(a) —_—
th) EE—
s —

leight of stem  Length of ront

{a)y I = 28.3 KV/m, trunsverse set

(b) E =283 kV/m. horzontal set
(¢} Without E-ticld

seeds after 7 days

2.004

Height of stems {cm)

1.00

0.004

]

LI

e

R ik Mot (Sl sSS A i
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Figure 6 The average of height of stems by clectric

7.00-
5.00-
5.004
4.00-
3.004
2.004
1.004

Length of roots {cm)

field 28.5 kV/m

0.004

P

Day 1 Day 2 Day 3 Day 4 Day & Day 6 Day 7

| Otransverse set Wl horizontal sel O withouwt E-field

Figure 7 The uverage of length of roots by

cleetric field 28.3 KVim
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Table I shows the  experimental  results
applyving the statistic operating on {see the
below  notey of the mean. the  standard
deviation und Z-value [8-9] of the height of
stems and the length of roots,

Height of stems (cim) Length of roots {cm)
Treatiment
¥ Mm.ld'l.'ﬂj Zevalue v hla!.ld »'u'd L-value
devintion v deviation

E =285V 2
Prnaara Eal 2,94 0.95 6.76 488 1.79 9.90
E=23.5kV/m
Homzonal set 3,31 1.02 1.20 4.88 1.93 9.35
withanl E-fiekd .51 .85 - 383 L18 -

Note : The mean. standard deviation and
Z=-value are the average value alier 7 days. For
example. Z value equals o 396 the results

comparing the results with 181 = 285 kVim
with without Li-field.

: Mean of the wstwtie Fjicld - 28580

: Advan of test at watfiont -fiekd

Ly The aritfimetie nean of e fost ol E-fiold - 255 80 m
Llq Fhe corlumetic mean of the test svetha 1 freld

Resalts and Discussion

Figures 6 and 7 show the comparison ol
growing rate the height of stems and the
length of roots with rice growing with eleciric
field 28.5 kKVi/im and without electric ficld.
respectively.  The  rice  plants  is laid
transversely and horizontally  with  electric
field 28.5 kVim. the growing rate of the height
ol stems and the length of roots is higher than
without electric field for 7 days.

The comparison of growth rate between
rice iy laid  transversely  and  horizontally
eronwth with electric field 285 kVim. The
results are shown that growing rate is nearls
for 7 days.

The table T shows the average for 7 days
of Mean. standard deviation and Z-value of
the height of stems and the length of roots,
The  results  indicate  that rice iy laid
transversely and  horizontally with electric
field 28.5 kV/m . the height of stems and the
length ol ooty s highest while without
clectric field is lowest.



Conclusions

According to the above results. it is
expected that E-field is uselul tor enhancing
the growth of rice seeds. The comparison is
done under the condition with electric leld at
28.5 kV/m and without electric field. The
results with electrie field are compared with
the results without electrie field. It is found
that the rice plants growth with electric Held
have the high growth rate of the height of
stems and the length of roots more than the
case of without electric field.
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The Comparison of Rice Growth due to Vertical and Horizontal
Electric Field Treatment
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Abstract : The effect of electric field varied in the vertical direction and horizontal
direction to the growing of rice plants were studied. The comparison is controlled and
done under the same treatment condition such as temperature, relative humidity and light
with electric field at 28.5 kV/m and without electric field. The results are analyzed base
on statistic methods. Some results shows the height of stem and the length of root with

electric field treatment over without treatment condition by 24.57% and 27.29 %
respectively.

Keywords : Biological effect, electric field effect, plants development, rice
growing, EMC
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