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Simulacao no ATP:

J Linhas de Transmissao frente a descargas atmosféricas

J Linhas de Transmissao com Para-raios



Lightning Channel
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Fig. 3. Equivalent circuit for the case of lightning strile to ground or to an
object of negligible height. Lightning is represented by a Norton equivalent
circnit composed of an ideal current source representing the short-circnit current
{ in parallel with a lightning channel equivalent impedance £,. 5 15 the
effective grounding impedance at the lightning attachment point, and . 13
the current that would be measured at the attachment point.



Sistema de Aterramento

Lightning Stroke

(1) Descarga Atmosférica
(2) Sistema de Aterramento
(3) Torre de Transmissao

(4) Linhas de Transmissao
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Sistemas de Aterramento

air
2
soil-1 €1 P1 Wi E t1
Ho Ai
s0il-2 Erz P2 Wo i " ?
| Ho 2 L
J v i
soc Er3 P3 W3 :
|8 MO 4._--------‘ .......... d..) |

£ nes 1
== (10 o)
20 ?Tf&:x:ﬁdf-

Pde
p(f)=
() 1 + VAT feoc pde
1
Pde =—

8 x 103 (4 )1.54




Impedancia harmonica
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Torres de Transmissao

Lightning Stroke

(1) Descarga Atmosférica
(2) Sistema de Aterramento
(3) Torre de Transmissao

(4) Linhas de Transmissao
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Modelagem de torres de transmissao

L
Diversos modelos foram desenvolvidos ' [ ]
para representar uma TT convencional e iy
calcular sua impedancia de surto.
Esses sao classificados em: @
L
: | Zna
> (a) Modelos  aproximados por >
geometria simples; SR
> (b) Modelos compostos por — Zna [aj
multicondutores; —
» (c) Modelos de torre "multi-andares";
> #d) Modelos de torres dependentes da
requéncia-Quadripolos. |
(b) (©) (d) (e)




Modelos multicondutores

s A torre é composta por linhas
curtas sem perdas (ZT) que
representam as pernas, as trelicas
(ZL) e os bracgos (ZA);

% Atorre é dividida em 4 trechos, e
cada impedancia e determinada
por uma férmula empirica.

% A impedancia de cada parte da
torre € dada em funcdo das
dimensdes e geometrias, obtidos;

s Silhueta de uma torre de alta
tensdo; Modelo multicondutor
vertical incluindo barras diagonais
e bracos de torre.
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Linhas de Transmissao

Lightning Stroke
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(1) Descarga Atmosférica
(2) Sistema de Aterramento
(3) Torre de Transmissao

(4) Linhas de Transmissao

@5_ Probes & 3-phase 3

W Branch Linear 3

g BEranch Nonlinear 3

Ms Lines/Cables > Lumped

Zi- Switches - Distributed

©r Sources » LCC template
| | # Machines » LCC section

< Transformers 3 LCCEGM

_ Read PCH file...
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e JACS »

«fE  User Specified 3
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ﬁg Power system tools 3

All standard comp...
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Descargas
Atmosféricas

MODEL: heidler_sub2

Aftributes
NODE PHASE NAME
Itotal 1 540006
1H, Model Editor - 0
File Edit View Debug [fDone @ Help
1 |EIMODEL heidler Ttermos
2 OUTPUT Itotal
3 VAR Itotal, IO[1..7],n[1..7]1,t1[1..7],t2[1..7]1,Eta[1..7],I[1..7],k
4 |E INIT
5 I0[{1..71:=[6,5,5,8,16.5,17,12] *1E3
€ n[1..7]:=[2,3,5,9,30,2,14]
7 tl[1i..71:=[3,3.5,4.8,6,7,70,12]*1E-6
. . B t2[1..7]1:=[76,10,30,26,23.2,200,26] “1E-6
omment: 5 || ENDINTT
Models | Library 10| EXEC
11 k:=1
12 |EWHILE k<=7 DO
Model: |heidler_Ttermos 13 Eta[k] :=exp(-(tl[k]/t2[k]}* (n[k]*t2[k]/tl[k])** (1/m[Kk]))
14 I(k]:=(I0[k]/Ecalk]l}* ((c/cl[k])**n[k]) *exp(-t/c2[k])/ (1+(c/el(k])**n[k])
15 ki=k+1
16 ENDWHILE
Edit definitions 17 Itotal:=I[1]+I[2]+I[3]1+I[4]1+I[5]+I[6]+I[7]
18 ENDEXEC
» H ENDMODEL

YaLUE

16734

T416.3
25E-7
25E-6
Z2E-B
0.00023
2

‘% Copy H@ Fazte : D Reset | Order: |0

| Label: |

Comment; |

Models
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to simples

IrCUl

Torre ¢

W (33.61/31.61)

A (28.72/21.72)
B (26.86/19.86)

C (25/18)

Zegt = 130.670m

Zogp = 182.20Qm

o3 = 235.24Qm

soil

p(f)’ f’r(f)#‘O

(@)




Modelagem da linha de transmissao

Energizagao de uma Linha de transmissao trifasica

SW
W (33.61/31.61) i
Condutores de fase ol o 5 i
] B (26.86/19.86) : i
d  Longitude C (25/18) L I 'H'Zan z = 6.20m
: L hy = 6.75m
O  Tensdo y Y h=ssm
E 9 l‘l hs = 9m
Condutores de fase 5 I, amim
vhy Zeqs
O  Resistencia Ty = 130.670m
O Raio_in X Zogp = 182.200m
O Raio_ext i H Zeps Zu = 235240
- : ! \ Do = 289.750m
O  Condutores de ¥h4 : L v = 240m/ps
O  Resistencia Lo H Ze?“
O Raio_in | eEEETeeemhtasas
soil
U Raio_ext _u_ Zp(p,€)
p(f)er(£): o = Ze(plf), e (1)
(b)

(@)

@5_ Probes & 3-phase 3

W Branch Linear

User Specified

- [ Steady-state
— ﬁa Power system tools

g BEranch Nonlinear
|TT® Lines/Cables Lumped
i~ Switches Distributed
&> Sources LCC template
#r Machines LCC section
G5y Transformers LCCEGM
= Read PCH file...
£} MODELS
tr JACS

_

All standard comp...
Add Objects v




Simula¢ao de manobras em linhas de transmissao.

Line/Cable Data: line_tower

Model § Data Iﬂndes]

— System type . Standard data

- - I | Template | | Embed .
s B i i 14

| Owverhead Line T| ‘ﬂEh: -% Length [k
I:I Tranzpose “n Set length in icon

*

- 4
- Auta bundling Ph.no. Rin

Skin effect Uit

Fiout Fesiz i Whower | %mid

# [em] [em] [ohrmdkr DC) [m] [m]
1 0.2976 09155 | 02032 . 2872 | 2172
: ® Eislidh
| Beal transf. matrix v S 2 0.2976 09155 | 02032 3 2686 | 1996
3

| Segmented ground () Metic

— Model 0.297E 09185 | 02032 ) 25 18 | | DEXt
— Type —Data ——— 4 1] 0476 | 381 33E1 B
- Bergeron Decades Paintz/Dec =
DEFALLT WaLLIE
Al G | 20 |
() Jparti Freq. matriz [Hz]  Freq. 55 [Hz]
. Moda |1|:":":I | |EEI |
- Semlpen " Use default fiting
Caomment;
Viower Vaver
Vmid

# ST,



Sobretensdes por descargas
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Sobretensoes na Fase A First Stroke

Voltage across |
case Flsoill FDsoill A(%)
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Sobretensoes (Ponto D)

Voltage (kV)

Ground Potential R;

1Se€

1 2,226 1,993 10.47
2 1,032 046 8.33
3 350 333 4.86

7.23.000 Ohm.m
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Linhas de Transmissao Com Para-raios

LT 50 kim LT B0 km
Fo= 300 Ok Saurce Zo= 300 C?hm Transf
v=3e8 m/s v=3e8 m's
— Transfonmador
mpedincia de =
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Component: SURGE 0. Probes & 3-phase 3
“o- Branch Li »
.  Branch Linear C .
g Branch Nonlinear » N
DATA LIMIT WaALLIE M, Lines/Cables 5
i 10000
Ampituds Ampere |—X‘ Switches 4 | Switch time controlled
a AL 14700 & Sources , Switch time 3-ph
B 1/ 2470000 #r Machines L4 | Switch voltage contr.
T start z 1]
T 1000 3 Transformers 3 SWITCHVC X
zhap £ :
%l’ MODELS 5 [ Attrlbutes]
i TACS ¥ DATA LIMIT ValLLE NODE PHASE HAME
~ — Tl 0 SWF 1 Shon
<ff] User Specified b T-de 7E-S ST 1 Transf
_I/Z Steady-state 4 | ]
F ™ Power em tools 3 -l 100000
Copy ”[% Paste - D Fezet | Order: IE B Powersyst
o All standard comp...
Commert: | Add Objects »

| Copy ||@ Paste [ Reset | Order: D Label | |

Comment: | |

=

i Dutput | | Hide

0-Mo -

File Edit Character Help

r.\'la.m.e : SWITCHVC - Voltage-controlled switch.
Card : SWITCH
Data : T-cl= Closing time of switch in [sec].
T-de= Minimum time in [sec] the switch must stay closed.
Imar= Current margin in [4].
Switch opens for Tclosed > T-de if |I|<Imar.
Advisable to use a non-zero Imar.
V-fl= Flashowver woltage [V]. Switch closes for t>T-cl if |U|>V-fl.
Node : SWF= 5Start node of switch.
5WI= End node of switch.
FuleBook: VI.A.Z.
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