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ABSTRACT

This research proposes a set of mathematical models presenting temperature which follow
on magnetic field of a high voltage transmission line under normal loading and short-circuit
conditions in which the single line-to-ground faults, double line-to-ground faults, line-to-line faults
and balanced three-phase faults. The mathematical models are expressed in second-order partial
differential equations derived by analyzing magnetic field distribution affects the temperature
around 500-kV power transmission line both single and double circuit of Electricity Generating
Authority of Thailand (EGAT), which is recently the highest voltage level in Thailand. The
computer simulation is applied using 2-D finite element method that is developed by MATLAB
program with the graphical performance of the magnetic field distribution and temperature

distribution around a high voltage transmission line.
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H(x,y) = HN,+ HN,+ H\N, (2-8)

{ J o aa -4
Taoi N, n=i; kaeWensunisdseuumeluddmunuas H, n=ij ko

v 1 1 [ J aa s = Aaa 4 =
paawsvosmauwumanlunaaz Tua i j & vowdamwun s lunsaidamunglawmasuaiy
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99009z 14
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(2-9)
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G?N R Gﬂﬂ’]uﬁ‘]ﬂﬂﬂﬁj%‘] (Residual) LﬂuﬂWWﬂWaWQﬂLﬂﬂﬂluﬂWﬂﬂTiGl%}Nmﬂaﬂ

Y
=

Taoszana F¢lulsnamasiuassue sy wuanaig R Minaduaisliamnga tilona

Aa 2 A <
mﬁElIﬂﬂﬂi%ﬂﬂﬂlﬂlﬂﬂmu%$3Jﬂ1mil\1ﬁiﬁlﬂﬂ°ﬂijﬂ

[

9 H Y v
Nuetipenniaglamdeudinganslunmsmuin asuugad lunsaaz
9

=\ =& 9 U 1 ?Ld' v v KX 9 F) ~ 1 1 @ ?1,
y3 %ﬂmm%m NIE PN ‘L!iNG]’ENﬂﬁ3ﬁllﬂWiGlUﬂﬁLLﬂTi”ﬁ]ﬂ‘VllllmiTUﬂ1 ANUUIINAUNIT

=h.
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J.[N] (D, ¢+Dya—f—G¢+Q)dA (2-13)

{ 4 a 4 2 Jd o aa 4
Tagh [N] e nawmesuminguuiavesiensumsdseuanelusamun

A S A 9 (=1 [ A o 4
WesnnWenduidesnisdseuin ¢(x, y,z) lilianuasiiiosvosoywus

[

J J aa s v ¥ v o !
TEUINUASDALUUN muuﬁumimgwuﬁ’ouﬂuammuﬁumiﬁ (2-13) ﬁ”l?J"Iiﬂl,W]ullﬁjigljﬂﬂ

Y
v v A

v o = 9
ﬁNﬂﬁﬂi;!W‘L!‘ﬁ@‘L!ﬂll‘Viu\illﬂ N

[ _¢_ 0 ([N] ¢j M% (2_14)

Oox ox Ox

NNAUMIN (2-13) 2218

e b}
A(’ A(’

0--{(7D o dn,~ [INT D, T8, + [NV G, ~ [ (N 0a,
N , (2-15)
(A) (B) © D)

o [ [

A vy ¢ &
mou A luaunisn (2-15)%$ﬁ1u1iﬂlmuulﬂﬂ’38ﬁhﬂﬁﬂhl UFOUAVN UL LAY

dsaNMIN (2-14) 92 1dauns Iniasaumsn (2-16)

Oox Oox

—I[N]TD —J.D —( T8¢jdA J.D avf g¢dA (2-16)

AE

uennidiannsadssanad J'D ai([N] a¢jdA Tagordoaunsi
A,

2-17) 1daail

O[in 9 un — [inT 92 ]
j ax([N] axjdAe 1 [N] —cos0dT 2-17)

AB

Tavfi 0 fe yuiinszshiudamud

A aa 4
r 19 VD ULUAVDIDALUUN
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unuAENMIN 2-17) lu 2-16) 39 1dmon A il

oINT

%A (2-18)
ox Ox

2
—J.D [N]T%Ae =—J.DX[N]T?cost9dF+ jD
r x A,

o

< Y Y 4
Moy B ﬂﬁﬁﬂiﬂu‘i/]u"lﬂﬂ’;lﬂﬁllﬂ"liﬂlg‘! U

[

) Y
ugurtaluiiusufeInu a9y

AumMsn (2-15) Jenarendlu

‘I[N] D, ¢cos6’+D ZSIne)dr+ j . 8[81\;] Z’f Dya[T]\;]T%f)dAe .

+ [ GINT gan, - [ OINT da,
A, A,
1N ¢ = [NJ{O©Y unusluaumsi (2-19) 9218

0= j[N] (D, ¢cos€+D 8¢sin6’)dl"
oy

J‘(D a[N] 5[N] O[N] 3[N]
ox X oy Oy

YA, J (D) (2-20)

+( j G[N]T[N]dAe}{GD(E’}— j O[NTdA,

wazannsadenIieglugiia 1y &
0={I'}+[KHO )~ {f} (2-21)

Taeh

() = j [NT (D, ¢cos€+D a¢sin6’)dl"
oy

o[NT" a[N] _, aINT" 3[N] .
x o 2Ty o )dAe+A[G[N] [NJdA,

(K= [ (D,
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(f9)=[ OINT da,

v 4
Tagi [K©] ennsodagdInaTasmsdutiumsae il

A
[D1=| D, (2-22)

J = J .
HasINNBINIIABUA (Gradient vector : gv)

o) [aIN]
ox ox . p
©=1561=| ov) {0} =[B]{®"]
oy oy
a1
Ox
181 oiay
oy
[B] { o } (2-23)

vin [B], [B] wez [D] awnsaden [K€] Tnilditu

[K“]= [[BY [DIBIdA, + [ GINT [NKA,

A(‘

[K“1=[K} 1+[K(] (2-24)

[

o v Aad Jaa 4 an a dy A a = v
mmmﬂwhluﬂaamummu 2 4 U ﬂula@ﬂﬂﬁﬂgﬂﬁWNLﬁ'ﬁEllJﬁNJi]ﬂﬁ@Glu

o o & { o <3|
mmuIn aaiu ¢ luglammaoudeansomua laiu

¢(e) =[N, Nj N,] {q)(e)} (2-25)
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Taeh

1

1
N =——(a, +bx+c
A (a; +bx+cy)

e

1
N, :I(aj +b,x+c;y)

1
N, :Z(ak +bx+c,y)

e
v ¢ - fo o aa s &
uazﬂz"lmaﬂmmmimsmmmiuaamuﬂmﬂu

oN, ON, &N,

ox Oox ox
— D (e)
=y v, o, 1)

o

UnUMEUNIN (2-26) luaumsn 2-27) 1214

b b b1
{gv}z#{’ / }{@‘”}zw]{@%

2A, ¢ ¢ ¢
1|5 b b
[Bl=—c| = 7
2A, (¢ ¢ ¢

A o ] Y
NANUNITN (2-24) ﬁwmmmmu"lﬂm

(K= [ [BY [DI[BdA,

AB
1109010 [B] waz [D] Whumasiag 1@

[K1=[BY [DI[B]| dA,

[K1=[BY [DI[BIA,

(2-26)

(2-27)

(2-28)

(2-29)
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unus [B] uag [D] daeglugdaums (K] Tna'ldiiu

b. .
" Sp, o7[b b, b, 1\ 1
[K'1=|b, «, Al — || —
N0 Dl ¢ ¢ 2A, )\ 24,
_bk Cy
‘Db D
K© Dxbl Dycz b b bl 1
[D]_ X7 V€ ¢ ¢ ¢ 4_Ae
Db, Dy
Dxbl.2+Dycl.2 Dbb,+D,cc; Dbb,+Dcc,
e ' ' 1
[Ky'1=| Dbb;+Dycc,  Db:+Dyc;  Dbb,+Dgc (E}
Dbb +Dcc; Dbb +Dcc, Dbi+Dc ¢
b b} bb, bb, | ¢ ce cg
[Kpy'l=—X|bb, b} bb |+—=lcc, ¢ ¢ (2-30)
“|bb, bbb, b “lee ¢, o
vnaumsii 2-24) Srdmuald 6 Humaeii melundazdanmiiez1d
[K]= [ GINT [N KA,
Af,‘
N
=G[|N, [N, N, N,]da,
Ae_Nk
| N} NN, NN,
_ 2
=G[|N,N, N} NN, ldA, (2-31)
NN, NN, N

14 ga513902152 N0 (Factorial formula) 1un15dszuimnisauiininaaon

Wnasaseumsi 2-32) Tasil N, =L, N, =L, uag N, =L, 1d
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1hlc!
_alblel (2-32)
(a+b+c+2)!

b
[nrrda, =
A(‘
= 1A <3| A

NTUNIIN (2-31) Asauansaneenu 2 nsaipe L, =L wag L =1L,

Tunsain L =L vzvesndiodumsnanaaganed 1 vesglamwmaowzld a =2, b=c=0
9 H
AuiuINauMsN (2-32) 91214
210!0!

ijdAe =—F——2A,
A (24+0+0+2)!

_4A,  2A,
4! 12

luns@in L, # L, 92908nd709619M3i15a9aaei 1 1ag 2 veeglaumasuas

T8 a=0b=1c=0aniunnaunin 2-32) 1zla

1'1!0!
C(1+140+42)!

e

[LLda,
AB

~ v A ~ I Aa [ ] =1 @ [ g’z ~ A
NYANDBOU 9 ﬂl@ﬁqﬁjﬂ?ﬂhﬂ‘iaEliJﬂWﬁ]13m11uaﬂ‘lﬂm$!fﬁulﬂﬂ’)ﬂu ANUUNAUNITN (2-31) Eﬂxllﬂ

GA 2 11
SKO =21 2 1 (2-33)
12 1 1 2
v [K9]=[K 1+ K]
b b’ bb, bb, ¢ cc; cc 2.1 1
[K9]==—x bb, bjz. bb, |[+—>| cc, cf c¢ |+ 12‘* 1 21 (2-34)
1 1 2

e 2 e 2
bb, bkbj b; o Gc G
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A 9 (% ' (e) Ulﬂlw dy
ANAUNITN (2-21) AMIUMINIA {7} uaadlaaiy

(f9)=[ OINT da,

Ni

9% =0f| N, da,
A, Nk

9 a @ a a &’ A o ~
GlGUQGﬁmﬁﬁilﬂi%ﬂﬂ‘]_lcluﬂ”liﬂixlﬂmﬂ”lﬁ’f]u‘ﬂl,ﬂi‘ﬂ@]aﬂﬂwLl‘ﬂﬂﬂﬁllﬂ”lﬁﬂ

(232) lagh N, =L, N, =L, uaz N, = L, uazdwiunsaii Q=0 w'ld

Ll
rr=0[| L, ua,
A, L,
1
oy =L (233)

[ Y
naumMsi 2-21) dmsumsnm €} vaadlanail

() = j [NT (D, ¢cos€+D a¢sin6’)dl"
oy

{ 1 an 14 o A o 4
TaoNawouavewaazdamud I lalszgndiSoulvnunueeiu (Neumann condition) Tag

o Y a¢ A — A ig‘J o J v g‘/ = A
myuali a—_:O o n A9 lﬂ]ﬂm@iﬁiiﬂﬂﬂﬂﬂlﬂﬂlﬂlﬁﬂlﬂﬂlﬁﬂlﬂﬂiﬂﬂuumllﬂ
n
{(Ir=0 (2-36)

dounuaumsi (2-35) uag (2-36) Taumsi 2-21) 22 1aqail
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1
0=[K<e)]{cp<e)}—% 1 (2-37)

1

§ a 1 < Aaa [ a £ {
Lﬁ'ﬂ)Wﬁ]”liﬂ!"lﬁﬂJuW”lﬁu"lmmﬁ’TaﬂLL‘]J']_I 2 4@ Tagmsunumaudszaninnaunmsi

2-6) adluaumsn 2-37) az'ld

Taeh
bbb, bh ¢ g g > A 11
(K] -— b, bj b;b, +L GC; C? CiG |~ Cpee :2]#0(0) <1 2 1
" b b, b/f ‘lag GC; C/f 1 1 2

aa (R o
2.3.4 miﬂsznauﬁmmiemuummu]mgmu
(91}/ dy I o [ Aan sy Y v
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[K]sys(nxn) {H} sys(nXI): {f}sys(nxl) (2_39)
A A 9 g A 1 o ' '
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o A 1 A a ) 1 dy a = v 1 3 A Y v
mﬁumaau‘lmm%u D VTNIUVDUAIUIVOIF1YTILASNUAU GIf\‘lﬂWﬁ'uﬂJllﬂJmaﬂﬂﬂﬂuclﬁﬂU
A v o ° 9 an Ao 72 4 A Ay
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