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-- POWER/ENERGIA --

Introdusaun

» Obejtivo

» Atu hetan konhesimento basiku konaba
evaluasaun no inspesaun ba projeitu
» Atu komprende konaba item nebe esplika iha BoQ

»Atu komprende konaba material oinsa, ninia
funsaun bainhira halo inspesaun iha tereno

> Atu hetan nivel konhesimentu konaba termus
technical nebe usa husi staff EDTL ou kontrator
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Silabus

Conteudo

AN U AW N

oo

Introdusaun

Power Station (Diesel)

Substation

Linha transmisaun (sistema transmisaun)
Linha distribusaun (sistema distribusaun)
Fnergia renovavel (energia Photovoltaic )
Sistema protesaun

Operasaun no controla sistema energia
Seluk tan. ..

Contecudo ita bele muda tuir kondisaun.
Hau hakarak atu halo diskusaun konaba conteudo ho Sr. Miguel no
ita bo’ot sira.

1. Introdusaun

Sistema energia fornese servisu vital/importante ba
comunidade.

Energia eletricidade atu hanesan ar nebe ita dada/hirup:

ita so bele hanoin deit bainhira nia lakon
Comunidade modernu labela moris selaiha eletricidade.
Tamba ne’e, tenque halo operasaun hodi to’o objetivo.
» Mais alto padraun/standard confiabilidade
» Custu operasional menus

» Impactu ambiental minimu
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1. Introdusaun

Historical Background

1882: Central eléctrica iha Pearl Station New York
husi Edison fornecimento de energia ba
consumidores nain 59.

1889: AC linha transmisaun 4 kV, monofasika, iha
América do Norte entre air terjun Willamette to’o
Portland husi Westinghouse.

1893: Primeiro linha trifasica iha southern
California.

1954: HVDC sistema transmisaun husi Swedish
Power Board
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nte sistema energia (1)

Sistema protesaun

3 Komponente sistema energia (3)

Estasaun de energia

Main Intake/Large Sistem t Grid S stem (150kV)

Sub-Station
Minimiza tensaun Sub-Station
20kV
Sub-station Sub-station Transformador rural
Industrial: Commercial: Residential
Factory, Industries Towns, Offices

trifasika - 380V, monofasika - 220V
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(3) Komponente sistema energia (4)

»0Qinsa energia to’o ba ita?
THE POWER PATH: HOW POWER GETS TO YOU

POWER s PP HIGH-VO TAGE S EP.DOWN  DISTRIBUTION STEP-DOWN  SERVICE Y
P AN RANSF RMER  TRANSMISSION  TRANSF RMER LINES  TRANSFORMER INES
L NES
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. Pawer 2. hapantasn ba, 3.Hod anda fo 4.8Ba Depoisn a 6.8a 'adnss'?r:f\: lares nllnau :ka 8 :a. a at
servis X
plant a transformad r nrgadstan a transformadar da  manda fosa n r !
N t nsa nba rdstnsan
a amntanna na kk nalina n ha ns nrgak na Hborh " 4aa dat
tnsa n.. transmisaun alta tnsa nbaar as  lina n g kotr ngk n daadatan...
h dd.  distribusaun gans kar.

3. Komponente sistema energia (5)

Iha stasaun gerasaun de energia (gerando
tensaun) 2 11 - 20kV no frekuensia 50 Hz

Transforma ba tensaun alta (voltagem
transmissaun) - 150kV

Transforma ba tensaun baixa(distribuisaun
tensaun; tensaun média) > 20kV

Transformar a tensaun baixa(distribuisaun
tensaun, tensaun baixa) - 380V
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ketak

4. Gerasaun energia (1)

Gerasaun de energia akontese iha usinas de
energia nebe geografikamente iha fatin ketak-

Usinas de energia bele acomoda gerador ida ou

liu.

fontes energia:

Hydrocarbons (Oleo, carvao, gas natural , etc.)

Water/be’e

Nuclear nuklir

Chemical kimika

Solar

Wind anin

Tidal pasang naik dan

surut

4. Gerasaun energia(2-1)

~ Perfil energia (1): vantagem no desvantagem fontes energia

ida-idak?

Energia Disponibilidade Custu atu produs Por produto

electricidade

COAL/CARVI\O ha barak maibe Plantas nebe existente baixo Emisaun o arhanesan sulf  ‘ox e
nonrenovavel. Tuir estimasaun | maibe plantas foun deficil atu nitrogenoxide and particulate ou
katak ita iha tinan atus hirak hari custu convestivel menus. ash{abu).
tan ba fornecimento e
carvao.

OIL/OLEO ha barak maibe Caro e deficil atu hasai husi rai Emissaun o ar hanesan su fur ‘ox'de
nonrenovavel. Especialistas okos ou sosa husi nasaun seluk. | nitrogen ioxide carbonmo ox e o
discordar la konkor a konaba particulate or ash {(abu).
ita nia fornecimento se”  ura
to o bainhira.

NATURAL habarak no ita bele d'scobre | Plantas foun mo era amente Moos liu oque fossil combustivel

GAS/GAS tan maibe nee nonre vavel. | caro at\{ hari no custu e seluk maibe niarsei pro us emissaun

convestivel bele as presu e o ar hanesan nitrogenoxi e carbon

NATURAL conbustivel oi-oin maibe folin monoxide no carbondioxi e.

consistentemente sae tiha ona.

NUCLEAR Usa uranium hanesa Plantas existente nebe baixo Laiha emisaun do ar maibe varas e

FlSSlON/FlSAUN crornrbrustivel ne e barak no tebes ma'be plan}as foun caro e combustivel usad}J tenqug rai ho
significamente baratu oque complexoat a kui adu durante tinan ba tinan tamba

NUCLEAR €ao carvao ra iasaun bele sai ameasa ou perigu.
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Gerasaun energia (2-2)
» Perfil energia (2)

Energia Disponibilidade Custu atu produs Por produto
electricidade
HYDRO Renovavel maibe numeru mota Plantas nebe existente nebe aiha emissaun do ar maibe barragem
nebe serve limitado no be suliiha | baixo tebes maibe plantas foun sei muda ambiente mota ba ikan no
POWER fatin siranee mo eradamente caro atu hari. a imal seluk no muda fluxo aliran do
o.
WIND Anin hu wind power nia fat’ Mo eradamente caro atu hari no | Halo barullho no ema balun la gosta
tengue hari iha fatin nebe = a halo mantensaun no tengue hari | mos bele hakanek manu sira maibe
POWER anin. mos lina transmisaun foun. ita bele halo oinsa hamenus risku
hirak ne e,
SOLAR Renovavel maibe nia ngsiona Naroman loro nee livre maibe Laiha emisaun do ar maibe
bainhira iha loro no mos afeita solar cell ne e caro no nia array deretan solar cell pers a a ea
ENERGY husi naroman loro. produce energia oitan. nebe luan.
BIOMASS Barak nonrenovavel ma'be ixo foer ne e caro atu trasporta Emisaun do ar iha oitoan nebe o’-0
persi‘a lixo foer barak atu usa no oi-oin no plantas foun caro tuir fonte sumber combust've
a esa combustivel. at a’ B OMASS “da-'dak

(4) Gerasaun de energia (3-1)
»Qinsa fontes energia converte ba eletrica?
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(4) Gerasaun de energia (3-2)

»Qinsa fontes energia converte ba eletrica?

FROM WATER

7 TN AL

SIRIBUTIo
WATER DAM GENERATOR  TRANSFORMER /‘_.{\_”YOU
#F
— ,\’___ﬁ\ gy
- e
—fy s =i ‘ ‘
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~
.befeha b 1 2. ss s on 35 a 4, Transformador 6.Lnadistribusaun. - Baitaat
ha k ha natubo ana a nasturbinas grar  as s a nta Transformador oka sa.
a barreiran an... bo’ tnan. geradorh  ra tnsanh pasa s rdstnsan.
t EI tr dad ba..
»0insa fontes energia converte ba eletrica?
FROM NATURAL GAS
18y
0\5‘ R T/O/I/
NATURAL GAS STEAM or ENGINE TRANSFORMER & You
e F}mf N
== == -
s
1. gas natural 2.8 naka 3. Ou atu energia matar turbinas n an 4Tr ns 5. Transformadar 6. L nadistribusaun. . Baitaa
ana zadono Pr vapar uap hanesan mos motor jet. Manash s grard as s a nta Transfor ador oka  sa.
mos n s grard as motor os eusah ha sa geradarat ra tnsanh pasa s rdstnsan.
ard nt amnast rb nas vapor uapne se girar d ast rbnas tr dad . tr dad ba...

mbakaran... Nan..

se uk, hanesan ahare han '
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(4) Gerasaun de energia (3-4)
»Oinsa fontes energia converte ba eletrica?

;1
\?_

\S"R'EUTIO

TURRINE GENERATOR  TRANSFORMER & Yol

X

{q

RO

X

1 Mo bes 2. ba windmill hats 1. spi dlas 4. Nebe i 5. Transfarmador 6 Linadistribusaun. 7. Baita ats
Nt Ax... amunasiurkinas grar/duias SEaumanta franstformadariakal  usa.
b nian.. geradar atu s tensaun hged pasa Swn rpdus tensaun...
straidads. watrsdadeba...

(4) Gerasaun de energia (3-5)
»Qinsa fontes energia converte ba eletrica?

'@}‘i FROM SOLAR
SETRIBUT,,
EAFLY 4 %OLAR CELL SOLAR PANEL CONTROLLTE ¥iiu BATTERY

i

. Banhra 2. Basallarcell, cria 3. Soliar cen combadn iha 4, Cantroladarse; 5. ltakaie wsa 6 Ensrgiabai. 1. Eletre déde'ext'ra
v laro electronos sull;rpanels, nets ma bwie deten=inaenerga bawuihajtana masitabaieral e mos distribui ba
HNE.... solto, ebas neps tau iha husi panel danegs uma. ha battery hg4 itana utidade energa
construsaun/bangunan gu maka usa. 11d ba tutars. ba ema sejuk atu uja.

fluxosengalir hi

cria eltricadade’ ha grupo bo’ot ida nezar bou

array/deret atu cria energia
— bo’ot wu tan,
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Sistema transmisaun (1)

Stasaun de energia acontese iha usinas de
energia nebe geografikamente iha fatin keta-
ketak

linas/transformer halo operasaun ho voltagem
acima 100kV nebe bai-bain bolu sistema
transmisaun

Comsisti husi linha transmisaun no substation

5. Sistema transmisaun(2)

* Equipamentus transmisaun energia

Step-up and Step-down  Shunt and series reactors and
Transformers Energia.  capacitors

» Regulador tensaun Lightning arresters penangkal

» Fase shifter petir

i i Protective relays
» Linha transmisaun no y

cabos Fact devices instrumento fato

Cireuit breakers no (SVC, Statcom, TCSC, etc.)

1solators Converter and Inverter

10
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6. Sistema distribusaun (1)

Linhas / transformadores halo operasaun ho
tensaun abaixo 100kV nebe bai-bain bolu sistema
distribusaun

Parte husi sistema utilidade energia eletrica entre
fontes energia lubun bo’ot no servisu ba
consumidores entradas(cargas).

Simu energia eletrica husi nivel HV/MV

Fornese energia ba consumidores ho nivel MV/LV
monofasika ou trifasika

20kV, 380V e 220V

Il. REVISAUN RAPIDA KONABA
ENGENHARIA ENERGIA BASICA

Classroom Lesson (Power) —11- Tetum
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6. Sistema distribuisaun (2)

» Equipamentus sistema distribuisaun
transformadores distribuisaun
Alimentadores/carregadores (cabos liu husi leten

ou rai okos)

Interruptores/stopkontak, fuse/sekring, etc
Protective relays

Fornesimento ba

Penangkal petir comunidade rural redus
husi 20kV ba voltagem
CT / PT domestic (380/220V)

husi poste nebe monta
ho trafo.

Voltagem/tensaun
Medida em Volts (V)

Forsa eletromotive ou Electrical potentil
potencial entre pontos

rua? N
uecnulso w[‘g*nm a M&e) alvo wirg 220 has potentied
Referensia = ground (0 awaposaste. dvaddbe o eah o
onto tho flocx mr.mngmmwnm‘mmy &

VOItS) . (8.§. your body} 10 gat hete
analogia comum
tensaun comparabel ho
presaun be’e iha tubu
ida. Presaun ne’e iha atu

’
bele provoca be’e atu ot 1m0 onal
flui/suli se valvo ida
nakloke.
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2.

Medida em ampeéres (A)
Referido como "I"
equasaun eletrical
Fluxo/sulin de elétron
kona circuito ida
Analogia bee
Bee oitoan flui/sulin
kona tubu ida
komparabel ho
corrente nebe flui/suli
iha circuito eletrical
ida nia laran.

HICA

Corrente

Electricity - basic concepts

e'ections {electricty) bavelling sloeq 8 wie

02 %0900 0+900%%.

sluciriaty low can be conpaied to vl fow - if
= mmeyiswouewmowmpbo(o'wo)
than, warter {or cloct-ity) w 1 fow out tho othes ond

- -

wides ow np through a ppe

Technical Assistance Team

3. Resistensia

Medida em ohms (Q)

Referido como "R" iha

equasaun elétricas

Oinsa eletricidade
facilmente suli/fluxo liu
husi circuit ida.

Padiical
voltngo Vot
Depende ba Q

SOUrcy
O Current Bow e Currant Now
no amparege fow BMperage
10

propriedades fisicas do
circuito (i.e, dimensi
arame)

analogia bee

Tubos ho diametro

oy
kiik liu permite bee

oitoan deit maka sulin rghor curtent fiow
nighor amporago

duque tubo ho
diametro bo’ot liu.

Current flow = amperage
0

smal
rosistor

nighanr  fow
(T

1CA

Technical Assistance Team
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4. Lei Ohm

» Tensaun = Corrente x Resistencia (V =1 x R)
» Corrente = Tensaun / Resistencia (I =V / R)
» Exemplo:

Tensaun =120V

Resistencia = 10 chms

Corrente nebe flui/suli kona circuit =120/10= 12
amperes
12 Amps

120 Vo ts
10 ohms

5. Potensia/energia
» Medida em Watts (W)

» 1,000 W =1 kilowatt (kW)
» 1,000,000 W = 1 Megawatt (MW)
» Energia = Volts x Amps =V x |

» Quantidade eletrica nebe consumido hela iha
momento no tempo

Bai-bain referido como “demanda”

Hanesan bai-bain “integrated integrado” or
“averaged media” kona periodo do tempo — 15
minutus, 30 minutus, 60 minutus

Classroom Lesson (Power) —14— Tetum
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Exemp o ‘da konaba curva de potens’a/energ’a d'ar'o
2000
1800
1600
1400

1200 \

1000

Power (kW)

800
600

00
200

0
12 3 4 5 6 7 8 9 1011121314 516 17 18 19 20 21 22 23 24
Hour

5. Energia

Medido em Watts (Wh)

1000 Wh =1 kilowatt -hour(1 kWh)

1,000,000 Wh = 1 Megawatt-hour (1 MWh)

1,000,000,000 Wh = 1 Gigawatt-hour (1 GWh)

Energia nebe consumo over time

Exemplo: lampu ampolas 100 Watt ida husik lakan
ba oras 10 = 100W x 10h = 1,000Wh = 1 kWh
consumido

Area iha curva de demanda nia okos

Classroom Lesson (Power) —15— Tetum
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Power (kW)

Exemp o ‘da konaba curva de potens’a/energ'a d'ar'o

2000

1800

1600

1400

1200

1000

800

600

00

200

——
Energia = soma media kW nian consumida cada hora iha
periodo de tempo nebe avaliada.

Energia=1,192 kW x1 hora+1.164x 1 hora+....+ 1186
x 1 hora = 32 629 kWh

2 3 465 67 8 9 0 12 13 14 15 16 17 18 19 20 21 22 23 24
Hour

7. Factor carga (1)

Medida utilizasaun de energia (uso de recursos)

Rasio media demanda ba pico de demanda

LF = média demanda / pico demanda

Mos expressa rasio energia nebe fornese kona
periodo de tempo nebe fo ba quatidade energia
nebe maka bele fornese

LF = energia fornecida / (pico de demanda x horas)

Classroom Lesson (Power) —16— Tetum
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Power (kW)

Exemp o ‘da curva de potens’a/energ'a D'ar’o

2000
Pico de demanda = 1.774 kW
1800
1600
1400
1200
1000
Factor carga = energia fornecida / (pico de demanda x

800 horas)
600
400 =32629 kWh /(1,774 kW x 24 horas)
200 =76 6%

0

1 2 3 4 6 868 7 8 9 0 2 31415 6 718 9 20 2 22 23 24

Hour

Power (kW)

Exemplo factor carga pobre/nebe ladiak

500
Pico de demanda = 437 kW
450

400

Factor carga = energia fornecida / (pico

350 demanda x horas)

300
=2,939 kWh / (437 kW x 24 horas)

250
=28%

200

150

100

50

a
1 2 3 45 6 7 8 9 10112 3141516 7 1819 20 21 22 23 24

Hour
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7. Factor carga (2)
* Typical factor carga
» Sistema = 50% - 70%
» Residencial = 50% - 70%
» Comercial kiik = 30% - 40%
» Comerciaal bo’ot = depende ba tipo operasaun

» Ba consumedores nebe ho factor carga baixa fator
nivel retil ruma, ho demanda de carga nebe bele
justificada.

Demanda de carga hadia recopera custus de
facilidades nebe instal tiha ona iha tereno atu
responde ba pico de:demanda.

8. Impedancia

Ba sistema corrente alternada(AC), resistensia (R)
actulamente compostu husi componente resistive
no componente reactive nebe bolu Impedancia (Z)

Z=R+jX
R = componente resistive
X = componente reactive

Componente Reative bele mos sai indutansia ou
capasitansia ida.
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2013/10/9

18



2013/10/9

9. Reatancia

Typical Cargas servidas inclui cargas resistive no indutive
Ahi Incandescente = carga resistive
Calor resistencia eletrica = carga resistive
Motors = carga indutive
Ahi fluorescentes compac = parcialmente carga
indutive ida
Componente reactive husi impedansiade ida indesejavel
tamba nia halo corrente flui/suli kona sistema nebe
lahalo usefulwork/trabalho util.
Non useful work medido em VARs
1000 VARs = 1 kVAR

10. Factor potensia

Fator de potensia/energia ajuda atu descreve
corrente hira maka flui/suli kona circuito ida nebe
halo usefulwork/trabalho util.

Factor de potencia ida 1,0 significa katak laiha
corrente nebe flui/suli atu servi carga reactive-
quatidade cargas nebe persija minimizado no
efisiensi sistema maksimizado.

Factor de poténcia/energia ida <1,0 significa katak
iha certa quantidade indesejavel fluxo/suli.

Classroom Lesson (Power) —19— Tetum



11. Potencia Aparente no Potensia
Verdadeiro (1)
Hanoin fila fali katak potencia/energia = Volts x
Amps
Formula ida ne’e tuir loos calcula "potencia
aparente” iha sistemas de corrente alternada
Fo resultado iha Volt-Amperes (VA)
1,000 VA =1 kVA
Potensia Verdadeiro = Volts x Amps x Factor de
Potencia
fo resultado iha Watts (W)
1,000 W =1 kW
ba fator de poténcia ida 1,0, potensia
verdadeiro = potencia aparente
kW = kVA x pf; kVA = kW / pf

11. Potencia Aparente no Potensia
Verdadeiro (2)

Potensia verdadeiro (kW)

* Beer Analogy nebe halo servisu vale bele
The Beer Analog compara ho cerveja nebe iha
' caneca

Potensia non-useful (kVAR)
N bele compara ba espuma

Potencia aparente (kVA) bele
compara ho capacidade
caneca nian nebe persija atu
manter/segura cerveja no
espuma

Classroom Lesson (Power) —20— Tetum
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11. Potencia Aparente no Potensia Verdadeiro

(3)
* Exemplo:
Carga 10 kW ho fator de potensia 1,0 = 10 kVA
(kVA =kW / pf=10/1,0 = 10 kVA)

ba factor de potensia 0,8, potensia aparente =
12,5 kVA (10 / 0,8)

Transformador 10 kVA sei servi carga ida ne’e
sei sai 100% caregado iha factor de potensia 10
no 125% caregado iha factor de potensia 0,8

Tamba ne’e, investimento ba capacidade
sistema adicional ne’e necessario para servi
cargas ho fator de potensia <1,0

12. Corijir factor de potensia

Indutive KVARs bele cancelado liu husi aumenta
quatidade igual husi capacitive kVARs .

Tamba ne’e maka capasitor aumentado ba
sistema de potensia/energia

Tamba carga inducitve iha sistema variam husi
tempo ba tempo, porsaun balun capasitor nian
aumentado ba sistema ne’e persija atu liga ou
desliga tamba carga inductive aumenta no
diminui.
Capasitor barak tebes iha sistema ladiak mos
hanesan capasitor nebe lasuficienti

Classroom Lesson (Power) —21— Tetum
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700 . .
F'xed Capacitors = 300 kVAR
(always on)
600
500
Switched Switched
400 Capacitors Capacitors
o Added Added
<
S 300
x
200
100
4]
12 3 45 6 7 8 10 11 12 13 14 15 16 17 18 19 20 2 23 24
-100

Hour

System kVAR Capacitors Added Net System kVAR

1ICA Technical Assistance Team

13 Perdas/kerugian do Sistema(1)

Perdas do Sistema = Energia Comprada - Energia
vendida

tamba % da energia comprada:
perdas do sistema
energia comprada

CUIDADO!!!
Diferensa iha tempo no carga bainhira metros
consumedores lee compara ho bainhira metros
substation lee ne’e bele hamosu erros no lakon
kakulasaun. 1 CA Technical Assistance Team
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13. Perdas/kerugian do Sistema(2)

Total perdas husi gerasaun ba membro do
consumidor bele sai 10% ba 20% (perdas do

sistema de distribuisaun tipicamente bele sai 5% a
10%)

Tipos rua konaba perdas
Perdas de carga - mudansa ho carga

no — load perdas -independentemente
constante de carga

13. Perdas/kerugian do Sistema(3)

* Perdas de cargas

Corrente flui/suli kona resistencia produz perdas
sob a forma de calor

Perdas {potensia/energia) =V x |

Hanoin fila fali lei de Ohm V=R x |

Tamba ne’e Perdas = (I x R} x I =12 xR

Husi formula ida ne’e ita bele hare katak perdas
aumenta exponencialmente ho corrente. Ita bele halo
buat ruma atu hatuun corrente sei iha efeitu
dramatiku wainhira hatuun perdas.

Redusaun corrente husi % sei reduse perdas
ba %
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13. Perdas/kerugian do Sistema(4)

» No-Load perdas

Core/inti/nucleus perdas de transformadores

Mai husi magnetizasaun nucleos de
transformadores

Essencialmente constante, maibe, perdas nucleu
variam ho voltagem nebe aplicada ba transformador

13. Perdas/kerugian do Sistema(5)

* System Losses: Contributors

Ida nebe maka

» Substation Transformers
» Regulador linha tensaun contr'bu’dor bo’ot “u?
» Pri. & Sec. Conductor
. o O
» Capacitors
» Distribution Transformers
Area de sistema perdas como % of Total regerimentu
sistema energia
Transformers no Regu ador ba substasaun 1.0
L'nha D’str'bu’saun no Regu aor 3.5
Transformers D'str'bu’saun 2.5
Secondary and Serv'cus 1.5
Equ' pamentus metros 0.5
Tota S'stema 9.0
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l1l. INTRODUSAUN KONABA
TRANSMISAUN NO DISTRIBUISAUN
ENERGIA ELTRICA

1 Pergunta introdutory

» Energia eletrica to’o iha ami nia cidade liu
kona linha transmisaun alta tensaun. Frasaun
cargas saida maka lao kona linha transmisaun
hirak ne’e no pasa husi kuartu ida ne’e?

A. Cercade 1%
B. cerca de 0,01%
C. Exatamente 0%
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2. Observasaun

» Energia elétrica umakain ne’e maka corrente alternada
(AC)

» Tensaun/voltagem umakain tipicamente 120V ou 240V
(iha ne’e, 220V)

» energia distribuida ho tensaun nebe as tebes

» Transformadores de potencia/energia ne’e bai-bain tiha
onaihaita leet

» Substasaun de energia iha neba, mas mais dificil atu
hetan

3 4 Perguntas

» tamba sa maka energia la transmite ho
tensaun baixa?

» Tamba sa maka energia la fornesida ho
tensaun alta?

> saida maka "corrente alternada" no tamba sa
maka usa nia?

» Oinsa transfomador transfer energia?
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4. Pergunta 1

» tamba sa maka energia la transmitido ho
tensaun baixa?

5 Energia eletrica no fiu

» Corrente eletrica pasa kona fiu converte energia
eletrica iha termica energia
energia gasta = corrente - tensaun
drop/tuun kona fio.

» dezde fiu obedece lei de Ohm,
tensaun drop/tuun iha fio = resistensia-
corrente,

» Energia nebe fiu gasta maka:
energia gasta = resistensia - current?.
Duplicasaun corrente quadruplica energia nebe
gastal
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6. Clicker Pergunta

» Fiu naruk rua sei lori energia eletrica eficiente
liu husi gerador ba comunidade se diference
tensaun entre fiu maka:

A. Boot no corrente nebe sira lori boot.
B. Boot no corrente nebe sira lori kiik.
C. Kiik no corrente nebe sira lori boot.
D. Kiik no corrente nebe sira lori kiik.

7. Correntes boot ne’e
wasteful/desperdisiu

» Objetivo husi sistema distribuisaun energia atu
transmitir energia eletrica lubun boot ba cidade ida,
energia transmitida = corrente - tensaun drop/tuun
ba cidade,

» Maski gasta energia eletrica oitoan iha fios,
energia gasta = resistensia - currente?.

» Energia ne’e efesiensia bele simu/hetan husi usa:
= corrente kiik,
=Tensaun/voltagem boot
=No fios baixa-resistensia.
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8. Pergunta 2

»Tamba sa maka energia la fornesido ho
tensaun alta ?

9 Tensaun Alta ne’e perigozu

» Bainhira quedas tensaun boot disponiveis/iha,
» campos elétricos fortes sei presentes/iha,
» Cargas hetan enormes forgas,

» no correntes tendem/koko atu flui/suli kona
dalan nebe ita laespera.

»Energia eletrica alta tensaun iha uma ida maka
»risco de ignisaun,
» perigo ahi,
» no risco de eletrico choque.
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10. Hierarquia de tensaun

» Corrente boot ne’e wasteful/despirdisiu liu ba
linha transmisaun

» Altas tensaun ne’e perigozu tebes atu fornece
» Tamba ne Distribuisaun energia eletrica usa
hierarquia:
» circuitos alta tensaun iha campo
» circuitos média tensaun iha cidades
»circuitos de baixa tensaun em bairros no uma
» Transformadores transfer energia entre circuitos!

11 Pergunta 3

* Satda maka “currente alternada” no tambasa
maka usa niar
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12. Currente Alternada(AC)

» lha corrente alternada,

»tensaun fios de fornecimento de energia

alternada
> no correntes resultantes normalmente alternada
mos. Curront q.*::m'
ov
» Tensaun alternada iha ne’e Current

» completa 50 ciclos per second,
> invertendo cada 1/100 second.

150 -V C Toaster
Z o) 4= Fguranee Ut
ki so atudu 60 oV \
—g' 50 c'c os per Current R
2 100} seco d Ty
1505
T (seconds) 1ICA Technical Assistance Team 61

13 AC no Transformers

» AC iha efeito oitan ba dispositivos elétricos simples
(por exemplo, lampadas, aquecedores, torradeiras)

» AC incomodo ba dispositivos eletronicos
(por exemplo, computadores, televisores, sistemas de
som)

» AC permite uso facil ba transformadores,
»|da nebe maka bele muda energia entre circuitos:

> Husi ciruitos baixa tensaun ba circuitos alta
tensaun

> Husi circuitos alta tensaun ba circuitos baixa
tensaun
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14. Perguntas 4

* Oinsa transformer transfer energia?

15 Eletromagnetismo

» Campos magnéticos produzidos husi
»polos magnéticos (maibe pdlos livres
parece la existi),
»muda cargas eletricas,
»No troka campos eletricos [mais tarde ...
»campos electricos produzidos husi
»cargas eletricas,
»muda polos magneticos,
»No troka campos magnéticos.
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16. Indusaun eletromagnetica

» Muda polos ou troka campos magnéticos
»produz campos elétricos,
»Nebe dudu correntes kona condutores,
»Nebe produz campos magneticos.
»Troka efeitos magneticos induzir correntes

»Induzidas Correntes para produz campos
magneticos

17 Leide Lenz

» Lei Lenz nian prediz konaba natureza
induzidos campos magnéticos :

“bainhira mudansa campo magnético induz
corrente iha condutor ida, campo magnético
husi corrente ne’e oppose/hasoru mudanca
nebe induz nia".
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18. Transformer

» Corrente alternada iha circuito ida bele induz
corrente alternada ida iha segundo circuito

> Transformador ida
»usa indusaun

Iron core

. . 2
»Hodi transfer energia é‘ 3 Q
.. . . @
entre ninia circuitos |d
Pran Secandary
»mas la transfer carga ruma i creut
e 12V 120V
entre ninia circuitos elaton e sformar

8 trns B wns

19 Currente no tensaun

» Transformador tenque obedece conservasaun de
energia

» Energia to’o iha ninia circuito primario tenque
igual ho energia nebe hela iha ninia circuito
secundario

» Dezde energia ne’e produtu husi voltagem .
Corrente,

» Transformador bele troca voltagem ba
corrente

»ou corrente ba voltagem!
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20. Clicker Pergunta

» Se 0 aumenta/hasae numero espiras de fio iha
bobinas secondaria transformer nian, carga ida-
idak sei lao kona fiu sira ne’e sei experienca:

A. Forca frente hanesan ba distancia naruk liu.
B. Forca frente boot ba distansia naruk liu.

C. Forca frente boot ba distancia nebe hanesan.
D. Forca frente hanesan ba distansia nebe
hanesan.

21 Step-Down Transformer

» Step-down transformador

> |ha relativamente dulas oitoan iha ninia bobina
secundario

»Entaun carga hetan dudu ho distansia badak liu.
»No experienca voltagem kiik sae/aumenta

»Corrente boot
iha tensaun/voltagem

menor/kiik
. Halogen
fluxos iha 7 bulb
circuito secundario prm Secondary
cireut
120 12v
Step-down

transformar
1 CATecnnica Assas?a%gmgam 3 turns
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22. Step-Up Transformer

» transformador step-up
»iha relativamente dulasbarak ihaninia bobina
secundaria
»Entaun carga hetan dudu ho distansia naruk
liu
»No experienca voltagem boot sae/aument
» Corrente kiik liu tron coro
»|ha voltagem boot liu 5 3 D Neon
¢

fluxos iha r
. . ;- Prim Secondary
circuito Secundarlo aireur crcuit
120 12,000 v
Step-up

3 turns wansformer 300 turns

23 Transmisaun & Distribuisaun

» Step-up transformador aumenta tensaun ba
transmisaun eficiente longa distansia

» Step-down transformador diminui/hamenus
tensaun para seguru fornesimentu ba
comunidades no uma

High-voliage
on core cross-country 1on core
—— .
g 3
—— i
Step-up Step-down
Stums  transformer 500 turns 800 tums  Uansformer g tuins

at power plant near communities
e ca

LM EUCLal Mo el
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24. Perguntas introdutory (revisited)

» Energia eletrica to’o ami nia cidade via linha
transmisaun alta tensaun. Frasaun cargas
eletrica saida maka lao kona linhas
transmisaun sira ne’e pasa liu husi quatro ida
ne’'e?

A. Cercade 1%
B. cerca de 0,01%
C. Exatamente 0%

25 Summary

» Energia elétrica transmitida ho alta tensaun
» Energia elétrica fornecida ho baixas tensau

» Transformadores transfer energia entre
circuitos

» Transformadores preciza energia AC atu halo
operasaun

» Sistema distribuisaun energia maka AC
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AsisténsiaTéniku Japonés
kona-ba Hametin Kapasidade Institusional
Ajénsia Dezenvolvimentu Nasionadl nian (ADN)
iha Demokratiku de Timor-Leste

-- ENERJIA --

29 6 2013 1 CA Ekipa AsisténsiaTéniku

Silabus

No. Konteadu

1  Introdusaun

2 Estasaun Enejia (Diesel)

3 Subestasaun

4 Lifia Tranzmisaun (Sistema Tranzmisaun )

5 LidAa Distribuisaun (Sistema Distribuisaun )

6  Renovasaun Fnerjia (Fnerjia Photovoltaic)
Sistema Protesaun

8  Sistema Operasaun Fnerjia no Kontrolu

9  Sclukseluk

Konteudu bele muda depende ba kondisaun.

Ha’u hakarak diskute kona-ba kontetddu ho Sr. Miguel no ITA.

29 6 2013 1 CA Ekipa AsisténsiaTéniku
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IV. ESTASAUN ENERJIA

1. Introdusaun

Jerasaun eletrisidade maka prosesu produsaun
eletrisidade nian hosi formas seluk enejia nian.

Ida ne’e realiza ho apoiu hosi unidades produsaun
enejia natoon, kofiesidu ho Estasaun Produsaun
Enerjia Elétriku, Estasaun Enerjia ka Fabrika Enerjia
sira.
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2. Planu produsaun enerjia elétriku

Ba enerjia elétriku ne’ebe produs ita presiza preparasaun efikas ida
hanesan partes tuirmai

® Primariu transportador:

> Parte ida hosi sistema produsaun clétriku responsabiliza kona-ba mudansa
formas seluk enejia nian troka ba mekaniku ida.

Esemplu: Turbina stim konverte encrjia manas ba encrjia mekaniku.
® Alternador:

> Parte ida hosi sistema produsaun elétriku responsabiliza kona-ba konverte
enerjia mekaniku ba enerjia elétriku.

Hirak-ne’e servisu hamutuk i1ha sistema 1da besik ho naran:

Primdriu Transportador — Kombinasaun Alternador

3. Problema Fundamental Produsaun
Enerjia
Enerjia elétriku maka forma 1da ne’ebe utiliza maioria

enerjia tha fatin hotu-hotu.

Enerjia elétriku maka rezulta koversaun hosi formas seluk
enerjia nian ne’ebe mak buras iha natureza.

Infelizmente, masa armazenajen enerjia eletriku nian ba
tempu naruk seidauk posivel.

Idane’e mak problema fundamental itha produsaun enerjia
elétriku.

Enerjia elétriku tenke produs no tranzmite ba pontu
untilizasaun nian iha momentu ezije.

Oras 1dane’e baibain lato’o oras rua.
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4. Rekursu enerjia nian

» Rekursu enerjia nian tolu importate liu mak:
¢ Enerjia kombustivel (Encrjia kombustivel fossil)
¢ Enerjia hydro

¢ Enerjia nuclear

Partikulares Enerjia Enerjia Hydro | Enerjia
Kombustivel Nuclear
Aas

Kustu inisial Tunli Aas 'u

Kustu la’o Aas | Tun Tun-"u
Rezerva ‘mita permanente Abundante
L'mpeza Tunliu Aasliu Tun

S'mp isidade Kompleksu Simp es Kompleksu-I'u
Re ‘ab’lI'dade Tun Aas- 'u Aas

JICA EKIpa AsISTensia leniku

5. Estasaun Enerjia Hydroelétriku

Estasaun enerjia hydroelétriku uza enerjia potensial
hosi bee iha nivel aas ba produsaun enerjia elétriku.

Idane’e maioria lokaliza iha foho leten iha ne’ebe
barrajen bele harii no bele hetan rezervatoriu bee boot.

Estasaun enerjia idane’e bele komesa no hapara
fasilliu no lais atu produs enerjia elétriku ho
montante boot.

—

29 6 2013 1 CA Ekipa AsisténsiaTéniku
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6. Planu Estasaun
Enerjia Hydro
Maioria komponente importante hosi estasaun enerjia idane’e mak:

» Rezervatoriu: Idane’e iha ne’ebe bee rai ba hodi uza no bainhira
presiza.

» Penstock: Idane’e kanal ida ne’ebe lori bee ba turbina sira. Sira halo
atu hodi reforsa betaun ka besi.

> Turbina bee: Idane’e uza atu konverta enerjia hydraulic ba mekaniku
ida. Turbinas Pelton, Francis no Kaplan mak tipus maioria uza.

> Jerador: Idane’e uza atu konverta enerjia mekaniku rotasional hosi
turbina liuhosi shaft clevador, ba encrjia elétriku.

> Draft Tube: Idane’e mak bee sai-fatin ba downstream.

7. Planu skematik hosi
Estasaun Enerjia Hydro

ou WP B0 T ED S 00 oy

ower transmission cables

-y
Vs ~
’ Dam Stuice A
(Translormer gates
\‘5___—’ ’—--~\\ Swe
{ Power house !
\~——",
- e
- -
{ Generato Ll
‘ / I’ o‘* |
~ - 7 (\‘} U4
-~ S \ <° ,/
4 A -~ PSS
I‘_-N\ l 1 ) Dam \ -
{Downstream’\ AN Turbin 7 \ l’ ( Storage ,\
- .
. outle} L TS - \~reserv0|r,
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8. Tipiku Turbina no Jerador

Generator
E =
Stator / E ﬁj
Turbine
Rotor Generator Shaft
Turbine

Wicket
Gate

Turbine Blades

9. Vantajen hosi Estasaun Enerjia
Hydro

Nia la presiza kombustivel so usa deit mak bee ba produsaun cnerjia nian.
Nia mesak kapas no moos la hamosu suar no ahi-kudesan.

Nia Ercsi/a karga halai ki’ikoan tebes tanba bee mak rekursu enerjia nian
ne’ebe disponivel livre hosi kustu.

Nia komparativumente simples iha konstrusaun no presiza manutensaun
menus.

Nia la presiza estarta lem;]:u naruk hanesan estasaun encrjia stim. Defaktu,
hanesan fabrika bele tau iha servisu diretamente.

Nia forte no iha tempu naruk.

Hanesan fabrika serbi prepdsitu barak. Aleinde produsaun encrjia clétriku,
sira mos apoia iha irrigasaun no kontrolamentu mota-boot.

Maske nune’e fabrika presiza atensaun hosi ema ho abilidade aas iha tempu
konstrusaun nian, scidauk ba operasaun, cma esperensista sira balun bele
halo servisu diak.
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10. Dezvantajen hosi Estasaun Enerjia
Hydro

Nia involve kustu kapital aas tan konstrusaun
barrajen nian.

Iha inserteza kona-ba disponivilidade hosi
montante boboot bee nian tan depende ba
kondisaun klima.

Presiza emprega abilidade no esperiensia atu harii
fabrika.

Nia presiza kustu aas ba lifia tranzmisaun
hanesan fabrika ne’ebe lokaliza iha foho leten
ne’ebe do’ok oitoan hosi konsumidores.

11. Eskema Estorajen Bomba

Eskema estorajen bomba sira maka dalan ida serve hodi rai
. 1ba §; )

kuantidades boot enerjia nian ne’ebe bele uza durante

emerjensia ka tempu servisu.

Operasaun:

Durante oras deskansa fabrika dada enerjia elétrik hosi redi
elétriku & uza ne’e atu bomba bee ba rezervatoriu leten.

Bainhira tempu servisu mai bee hosi rezervotoriu leten kore ona
ba rezervatoriu kraik. Siklu idane’e repete lorloron.

Ho sira-nia natureza, eskema estrorajen bomba labele uza
hanesan karga baze estasaun enerjia.

Sira ne’e uza loloos ba oras servisu fornese nu’udar sira bele lori
on-line ho-lalais.
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12. Prinsipiu Diagrama Estorajen
Bomba

Tempu-loron: Bee sulin tun Tempu-kalan: Bee bomba hosi
ba kraik liuhosi turbina, foho leten ba rezervatoriu atu
produs elétriku. uza ba aban nian.

13. Estasaun Enerjia Nuclear

Estasaun encrjia nuclear uza cnerjia nuclear atu prodds enerjia
elétriku.

Nia bele uza atu produs enerjia elétriku ho montante boot.
Nia jeralmentc lokaliza dook hosi areas populasaun.
Nia bele uza hanesan karga estasaun cnerjia baziku.

Idane’e tanba nia bele foti
loron barak atu sai manas
no lor on-line.
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14. Diagrama Eskematika ba Planta
Enerjia Nuclear
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Carbon moderatar a exchang, oo
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]
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Atomuc reactor Cold metad

Concrete shield  Uranum block )
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waler pump | Cooling tower

15. Vantajen hosi Estasaun Enerjia
Nuclear

Kombustivel ne¢’ebe presiza ho montante ki’ik oitoan. Maske nunc’e,
konsideradu rai iha kustu transportasaun kombustivel nian.

Fabrika encrjia nuclear presiza espasu ki’ik kompara ho tipu seluk ruma ho
boot hanesan.

Nia karga halai neneik tuir montante kombustivel ne’ebe usa ki’ik atu
prodds masa enerjia elétriku.

Tipu fabrika idane’e ckonomiku tebes atu prodis masa enerjia elétriku.
Nia bele lokaliza besik karga sentru tanba nia la presiza kuantidades boot
bee nian no la presiza fornese enerjia besik. Tan ne’e, kustu ba primariu
distribuisaun redus.

Tha depovitus boot ba kombustivel nuclear disponivel iha fatin hotu iha
mundu. Portantu, fabrikas hanesan ne’e bele garantia kontinua fornese
cnerjia clétriku nian ba tinan rihun tan.

Nia garante reliabilidade operasaun nian.
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16. Dezvantanjen hosi Estasaun Enerjia
Nuclear

Kombustivel ne’ebe uza karun no susar atu rckupera.

Kustu kapital kona-ba fabrika enerjia aas tebes kompara ba tipu sira
seluk hosi fabrika.

Produsaun no komisaun ba fabrika presiza tckniku diak hatene-oinsa.

Distribuisaun hosi-produtu jeralmente radioativu no bele hamosu
perigu boot ba polusaun radioativu.

Manutensaun karga aas tan falta estandarizasaun. Satan, salariu aas
ba personalia empregu treinadu espesialmente atu kuidadu fabrika
tan hasa’e kustu.

Fabrika enerjia nuclear ladun diak ba karga lahanesan hanesan
reator la dun responde ba karga namlele efikismente.

Dispozisaun hosi-produtu nian, ne’ebe radioativu, problema boot ida.

Sira hakarak mos tau iha rai-kle’an ka iha tasi dook hosi tasi-ibun.

17. Estasaun Enerjia Mina Fosil

Estasaun enerjia hirak ne’ebe konverta enerjia
kimiku hosi kombustivel fosil (petréleu, oli nst)
iha enerjia elétriku bolu estasaun enerjia termal.

Tuir empregu prime-mover lori alternadu,
estasaun enerjia termal bele fahe luan tuir tipus
tolu tuirmai:

Estasaun Enerjia Stim
Estasaun Enerjia Turbina Gas

Estasaun Enerjia Diesel
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18. Estasaun Enerjia Stim (1)

Estasaun enerjia stim termal uza enerjia manas produs
hosi Kombustivel Fosil nebe sunu (petrdéleu, oli ...) atu
produs enerjia elétriku.

Tipu idane’e uza iha fatin hotu-hotu itha mundu.

Siklu 1dane’e mak produs stim nakali, depois lori ba
Turbina Stim (prime mover).

Hosi turbina stim malirin fali ba bee ho kondensar, bee
ne’ebe 1tha fornese fali ba nakali atu repete siklu.

Tanba abundansia kombustivel (petrdleu), tipu estasaun
enerjia idane’e bele uza atu produs montante boot
enerjia elétriku nian.

18. Estasaun Enerjia Stim(2)

Estasaun enerjia stim atu komesa ho neneik no la
bele uza atu fornese ba karga altu nebe jeralmente
akontese ba durasaun badak.

Estasaun enerjia hirak-ne’e kuidadu halai ho diak
atu kompleta efikasia durante 24 oras loron ida.

Tha nasuan barak estasaun enerjia sira-ne’c uza
hanesan karga estasaun enerjia baziku.

Sira iha tipiku moris hosi tinan 30 to’o tinan 40.

Efikasia bele sa’e to’o 296 ba estasaun enerjia
stim.
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19. Diagrama Eskematiku Estasaun
Enerjia Stim

] ' 4B @@
.E’h

KEY
1 Coolng tower & Condensor 15, Coat bopper 22. Air intake
2.Co 9 nlermediale pressure lurbing 16, Pulverized fusi mill 23, Economiger
3 0. Steam govenor 17 Boller drum 24. Alr praheater
4 Un 1 Highprossure bine 18. Ash happes 25. Precipitatos
5. Generatos 12. Deseralar 19. Suptshenter 26. Induced draught fan
6. Low pressure turbine 13. Feed nea er 20. Forced draught lan 27 Chimrey slack
7 Botter fead pump 4. Coal conveyor 21 Reheater

20. Diagrama Baziku Estasaun Enerjia
Stim
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Exhaust Control Cooling
S Gases Water Steam Water
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Coal ' Pump
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21. Modelu Simples hosi Estasaun
Enerjia Stim

L= -
N Steam

Fuel

Arr

Yy U

[N —

___________

~—— - - 4

Feed water Condensate

2 1

22. Vantajen hosi Estasaun Enerjia
Stim

Kombustivel (n.e., petroleu kazu komplikadu) uza
baratu oitoan.

Kustu inisial menus kompara ba estasaun
produsaun sira seluk.

Nia bele instala iha fatin la konsidera ruma hosi
¢zistésia petroleu nian. Petroleu bele transporta
ba fatin fabrika hosi rail ka estrada.

Nia presiza fatin ki’ik kompara ba estasaun
hydroelétriku.

Kustu ba produsaun menus tebes duké estasaun
enerjia diesel nian.
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23. Dezvantajen hosi Estasaun Enerjia
Stim
Nia hafo’er ambiente tanba produsaun suar no

dois boot tebes.

Nia halai gastu kustu aas
tebes kompara ba
fabrika hydroelétriku.

24. Turbina Gdas Estasaun Enerjia

Estasaun enerjia turbina-gas uza turbina gas sira
hanesan mudansa primariu ba produsaun enerjia
eletriku.

Turbina gas uza %és manas n¢’ebé produs liuhosi
sunu kombustivel atu lori turbina. Sira més bolu
turbina kombustaun ka turbina gas kombustaun.

Nia iha abilidade atu hamoris no hamate iha
minutu balun, fornesementu enerjia durante
ezijénsia altu.

Gas turbina siklu boot ida tipikamente produs
enerjia to’o 300 Mega Watts no tha 35-40%
termal efikasia.
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25. Prinsipiu Hosi Operasaun

COMBUSTOR

<

RNER

HOT GAS

OUTPUT SHAFT

INLETAIR AIR COMPRESSOR

DIAGRAM OF TYPICAL LARGE GAS TUREINE

26. Vantajen hosi Estasaun Enerjia
Turbina Gas

Nia dezefu simples kompara ba estasaun enerjia stim tanba la
presiza nakali-liu no sira-nia ausiliarius.

Nia medida ki’ik —liu kompara ba estasaun enerjia stim ho _
kapasidade hanesan. Idane’e provavel tanba fabrika enerjia turbina
gas la presiza manas-liu, prepara kolesaun bee nst.

Kustu inisial no eperasaun barakliu hatun duké estasaun enerjia
stim ekivalente.

Nia presiza bee komparativamente menus tanba la uza kondensor.
Karga manutensaun ki’ik oitoan.

Turbinas gas simples tebes iha konstrusaun no operasaun duké
turbina stim.

Nia bele komesa ho-lalais forma kodisaun malirin.

La iha frakazu fornesementu.
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2'7. Dezvantajen hosi Estasaun Enerjia
Turbina Gaés

Tha problema atu komesa unidade. Idane’e tanba molok
estarta turbina, kompresér opera tiha ona baihira
enerjia presiza hosi rekursu eksternu ruma. Maibe,
bainhira unidades komesa, enerjia eksternu la presiza
hanesan turbina rasik fornese enerjia nesesariu ba
kompresor.

Enkuantuy parte boot loos enerjia nian dezenvolve ona
hosi turbina mak uza hodi lort kompesor, redi
produsaun tun.

Efikasia jeral hanesan fabrika tun (kuaze 20%) tanba
gas suar sira hosi turbina iha manas natoon.

Temperatura kombustaun kuak ne’e aas oitoan (3000°F)
tan ne’e ninia moris komparativamente redus.

28. Fabrika Siklu Kombinadu Turbina
Gas

I-stasaun turbina gas jeralmente uza iha konjunsaun ho Estasaun Enerjia

Stim.

G4ds manas sai hosi turbina sei iha enerjia ho montante signifikativu (ga’s

sai besik-liu iha presaun ambientie maibe temperatura to’o 500-640°C)

ne’ebe usa atu hasa’e stim atu lori turbina-stim no jeradér seluk.

Kombinasaun hosi gas no siklu stim idanc’c f6 aumenta ba termu fabrika
“Siklu Kombinadu Turbina Gas” (CCGT).

Fabrika siklu kombinadu turbina gas lori hosi sira nain-rua stim no gas
natureza. Sira produs enerjia ho sunu gas natureza iha turbina gas ida no
uza resik manas atu produs eletrisidade natoon hosi stim.

Fabrika hirak-ne’c oferese efikasias to’o 60%.

Kuase 66 °o cnejia mak produs iha turbina gas no 34 % iha turbina stim.

I fikasia hosi fabrika CCGT tipikumente 1.5 oras cfikdsia hosi siklu fabrika
turbina gas.
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29. Siklu Kombinadu Turbina Gas

S B G wo @S G G @ @b S @ G wy

P ~

4 \‘ Exhaust

| 17 \\

] 11 1

- 1l i

| . ! [ |

I 1 :I I L Satatahahi b -~ l

i il f '

[ e : o

1 11 i ' -

i 11 Neeee ! :

i 1! ]

i il 1

\\ 71 |
! '
|‘ edd walr Condensaie J;
A Y 2 1 /’

B . g A S ——
29 6 2013 J CA Ekipa AsisténsiaTéniku

30. Diagrama Eskematiku Fabrika

Siklu Kombinadu Turbina Gas

GAS TURBINE COMBINED CYCLE
Power Plant System Schemat c
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31. Estasaun Enerjia Diesel

Estasaun enerjia diesel ida uza motor diesel
hanesan sentral produsaun ba jerasaun
enerjia elétriku nian.

Estasaun enerjia idane’e jeralmente kompaktu
no nunue’e bele lokaliza iha ne’ebé nia
aktualmente presiza.

Tipu estasaun enerjia idane’e bele uza atu

produs enerjia elétriku ho kuantidade limitadu.

Iha nasaun barakliu estasaun enerjia sira uza
hanesan Estasaun Fornesementu Emerjensia.

32. Vantajen hosi Estasaun Enerjia
Diesel

Dezenu no formatu hosi fabrika simples tebes.

Nia okupa fatin ki’ik tuir numeru no medida ausilirius ki’ikoan.
Nia bele lokaliza iha fatin ruma.

Nia bele estarta ho-lalais no bele foti karga iha tempu badak.
La iha frakazu fornesementu.

Nia presiza kuantidade hosi bee menus atu f6 malirin.

Kustu jeral menus-liu duké estasaun enerjia stim ho kapasidade
hanesan.

Termal efikasia fabrika nian ass-liu duké estasaun enerjia stim nian.

Nia presiza pesoal opersaun nian menus.
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33. Dezvantajen hosi Estasaun Enerjia
Diesel

Fabrika iha karga halai aas hanesan mina (n.c.,
gazoel) uza karun-liu.

Fabrika la servisu ho-satisfatoriu liuhosi
kodisaun alta-tensaun (overload) ba tempu
naruk.

Fabrika bele deit jera enerjia ki’ikoan.
Kustu lubrikasaun jeralmente aas.

Kustu manutensaun jeralmente aas.

34. Prinsipiu Servisu hosi Estasaun Enerjia
Diesel & Deskrisaun Jeral

Kombustaun motor internu ne’ebé mak mina
ignadu (ignited) liuhosi injeta nia ba anin nebe
manas tiha ona iha temperatura aas ho
kompresaun lais; tan ne’e, mesin diesel mos
bolu mesin kompresaun-ignisaun.

Classroom Lesson (Power) —56— Tetum

2013/10/9



35. Saida mak Mesin Kompresaun-
Ignisaun?

Mesin kompresaun-ignisaun (kofiese mos
hanesan motor Diesel) mak kombustasaun motor
internu nebe uza manas hosi kompresaun atu
estarta ignisaun hodi sunu mina, ne’ebé injeta ba
kamara kombustasaun durante faze ikus
kompresaun nian. Idane’e la hanesan ho mesin
spark-ignisaun ezemplu motor pretréleu (motoér

azolina) ka motor gas (uza mina gaseous
Eontrériu ho gazolina), ne’ebe uza spark plug atu
sunu mistura ar-mina (air-fuel) ida. Mesin diesel
modela iha siklu Diesel. Mesin no siklu
termodinamika rua-ne’e dezenvolve hosi Rudolph
Diesel iha 1897.

36. Dr. Rudolf Diesel

Jerador produsaun: 50,000

Yir
[
<%

\
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37. Klasifikasaun hosi Mesin IC (1)

Kombustaun Internu mesin (IC) klasifika iha meius
oloin:

Tuir siklu operasaun nian
Siklu motores strok rua
Siklu motores strok hat
Tuir siklu kombustaun nian
Siklu Otto (volume kombustaun nafatin)
Siklu Diesel (presaun kombustaun nafatin)

Siklu Semi-Diesel (volume kombustaun partidaria
nafatin no presaun partidaria nafatin)

37. Klasifikasaun hosi Mesin IC (2)

Tuir kombinasaun silindru
Motor orizontal
Mot6r vertikal
Tipu motér 'V’
Mot6r radial
Tuir utilizasaun
Motdr estasionariu
Mot6r portavel
Motdr marina
Motér automovel engine

Motér acro
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37. Klasifikasaun hosi Mesin IC (3)

Uza tuir mina no metodu fornesementu mina nian ba silindru motor
Oli motor
Mina motor
Gas motér
Kerosenc motor
Karburador, bolbu manas, injesaun mina, injesaun anin, nst.
Tuir velosidade motor nian
Velosidade motor tun
Velosidade motor médiu

Velosidade motdr aas

37. Klasifikasaun hosi Mesin IC (4)

Tuir metodu ignisaun nian
Ignisaun spark motor
Ignisaun kompresaun motor

Tuir metodu motdr malirin nian
Motér air-cooled
Motér water-cooled

Tuir metodu sentrdl nian
Hit-no-miss governa motor
Kualidade governa motér

Kuantidadc governa motoér
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37. Klasifikasaun hosi Mesin IC (5)

Tuir aranjamentu valvula
Vilvula motdr overhead
Tipu motér L-head
Tipu motér T-head
Tipu motor F-head

Tuir numeru silindru nian
Motdr single-silindru

Motor multi-silindru

38. Partes hosi tipiku mesin IC

Exhaust vaive

nlet vaive Valve spring

Exhavst port
netpant Cylinder head

Cooling ting
Piston

Wirist pm

Connscting rod
Cyfinder

Crankcase

Crank pin
Crankshaft
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hosi mesin IC stroke-4

1. Entrada 2. Kompresaun 3. Enerja 4. Suar

40. Mesin Diesel siklu stroke-4

4

5 Lt 1
Suctioh —

Volumeo
Diagrama teériku p-vV

F1 = Fuel injector IV =lnlct valve E V = Exheaust valve
EC Engine cyhnder CR. Conpecting rod C Crenk
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41. Mesin Diesel siklu stroke-2 (1)

L= Cylinder | M Puton , EP w Ezhgust port TP = Transfer port , C.C = Crank chamber; V « Valve
Durante movimentu hosi pistaun aumenta, kompresa anin
iha silindru (L). Tha tempu hanesan, anin fresku tama ba
crank chamber liuhosi valvula (V).

lha rohan hosi stroke mina nebe injeta tha kompresa anin
no kombustaun komesa estarta enerjia stroke.

41. Mesin Diesel siklu stroke-2 (2)

er ]

@

L = Cylinder , M a Pustan , EP w Ezhgust port TP = Transfer port , C.C = Crank chamber; V « Valve
Durante enerjia stroke, valvula (V) taka no anin tha crank
chamber kompresa no transfere ba silindru liuhosi transfere
port (TP)

Iha tempu hanesan, exhaust port (EP) nakloke atu lori sai
gas motuk
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42 . Karakteristika hosi Mesin Diesel stroke-4

Siklu kompleta iha strokes 4 piston, ka cnerjia stroke ida iha revolusaun rua
hosi crankshafi.

Movimentu dulas la uniforma no tan ne’e presiza flywheel boot.

Tanba cnerjia stroke ida iha revulusaun rua, motér todan atu f6 enerjia.
Menus wear no tear no tan ne’e falta malirin no presiza lubrikasaun

Tha valvula no lori mekanizmu valvula.

I fikasia volumetrik aasliu tanba indikasaun tempu anin aasliu.

Termal diakliu no parte karga efikasia kompara ho motores stroke rua.

Ura iha aplikasaun iha ne’ebé efikasia importante, n.e., kareta, bis, traktor,
aviaun, jeraddr cnejia sira nst.

Kustu inisial aasliu.

43. Karakteristika hosi Mesin Diesel stroke-2

Siklu kompleta-tha stroke rua hostpiston, ka enerjia-stroke ida ba rotasaun hetu
hosi crankshafi.

Uniforma barak movimentu dulas no tan ne’c presiza flywheel kitkoan.

Tedrikamente enerjia dezenvole dala 2 (~ 1.8 iha pratika) n¢’e hosi motér
stroke-4. Tanba karga kamaan ba nivel enerjia nebe fornese.

Wear no tear aasliu no tan ne’e malirin aasliu no presiza lubrikasaun.

Falta hosi valvula no lori mekanizmu valvula halo motér simples no ladun
karun.

Menus cfikasia volumetrik tanba menus tempu disponivel ba indikasaun anin.
Termal tdn no parte karga efikasia kompara ho motores stroke-4.
[ha ne’cbé uza folin kiik, todan kiik no kompresaun.

Motores stroke-2 usa iha medida boot tebes (~600 mm bore) ba propulsaun roo
tanba todan kiik no kompresaun .

Classroom Lesson (Power) —63— Tetum

2013/10/9

26



44 . Servisu hosi mesin IC multi-silindru
stroke-4

29 6 2013

45. Aranjamentu eskematiku ba
Estasaun Enerjia Mesin Diesel

i - Y
N f i
) ] 1
H ° i . B B ]
- e o
-————-@ ————————————————
() qine (2) Generator
(3)Coniol ne (4) Enclosu e
(5) Radiator (6) Exhaus gassie
(r) Ventilation * exhaust fan

29 6 2013
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46. Aranjamentu eskematiku ba
Estasaun Enerjia Mesin Diesel

intake

Arr titer Silencer Surg
Day tank tank
‘ Diesel ngne Jacket
Exhaust T water pump
Fuel oil b d
Starting o~ Jacket
T ar > Generator water
} -
Startng =
ar i
Comp. Lubricatn oil Cooling tower
Startng N i
oif tank L:ubncatmg l 1‘ co%]ller
«— oil tank
Aux liary
vt . oilpump  Fiteror 4
verflow—p- Tans er ifi
pump Stra ner puriiier
Fue
Heat
exchanger
Raw-water
pump

4'7. Komponentes Prinsipdl Estasaun
Enerjia Diesel
Komponentes esensial hosi Estasaun Enerjia Diesel Mak:
Motor
Sistema anin entrada
Sistema suar
Sistema mina
Sistema malirin
Sistema lubrikasaun
Sistema estarta mesin

Sistema governa
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48. Mesin

Mesin mak komponente importante hosi
fabrika ke dezenvolve enerjia nebe presiza.
Jerador elétriku baibain diriji hamutuk ho
mesin.

49. Sistema Anin Entrada (1)

Sistema anin entrada lori anin fresku liuhosi
pipa ka kanal ba

(1) Anin entrada manifold hosi mesin stroke hat
(11) Bomba scavenging inlet hosi mesin stroke rua

(111) Superkarga inlet hosi motér superkarga ida

Air { lter

@: Diesel enging

.
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49. Sistema Anin Entrada (2)

Primeiru anin dada liuhosi fitru atu kaer rai-
metan ka rahun nebe bele hamosu foer
barakliu iha silindru sira. Tipu fitru sira
hanesan tuirmai:

Tipu hamaran (paper, cloth, felt, glass wool etc.)

Tipu habokon (oil impingement type, oil bath type
where oil helps to catch particles)

49. Sistema Anin Entrada (3)

Protesaun tuirmai tenke uza bainhira utiliza
sistema anin enstrada.

Anin entrada tenke lokaliza ses hosi sala mesin.

Anin entrada labele lokaliza 1ha fatin kiik atu evita
vibrasaun akustiku ladezejavel.

Hamonu presaun tha lifia anin entrada tenke minimu
atu evita estarvasaun motor.

Fitru anin tenke asesivel atu hamoos periodiku.

lha kazu balun silensiozu bele aprezenta atu prevene
barullu motér hosi anin liur to’o.

30
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S50. Sistema Suar (1)

Sistema suar deskarga mesin suar ba uma nia
atmosfera liur.

Gases out

Silencer
Exhaust manifold
)
-
‘ IRININE
/]
[/
/]
%
Z
2 Diesel engine
7
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50. Sistema Suar (2)

Suar liga oin-barak motér silindru suar ba pipa suar.

Silensiozu ihag))iﬁ)a suar redus presaun iha lifia no halakon tarutu
barakliu nebe bele rezulta karik suar sai diretamente deskarga ba
ambiente.

Pipa suar nebe monta iha uma liur tenke naruk natoon ho numeru
kurva minimu atu prepara presaun kiik nebe posivel lakon.

Turbina fleksivel bele aumenta iha pipa suar atu kuidadu laalifiadu
no espansaun/kontrasaun no mos atu izola sistema hosi vibrasaun
motor.

Mesin ida-idak tenke iha ninia sistema suar independenti.
Posivel iha ne’ebe rekuperasaun tenke halo atu promove termal

lant efikasia. N.e., anin manas, jerasaun presaun stim kiik iha
abrika enerjia diesel-stim nst.
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S51. Sistema Mina (1)

Sistema mina hatama no distribui mina ba
mesin tuir presiza. Eskematik baziku hosi
sistema mina hatudu iha kraik

Fuel unionding
tine

Bulk Fual
sterago oil
pumps

Strainars

Day 1anks

To engincs

S51. Sistema Mina (2)

Ba operasaun satisfatoriu hosi sistema
fornesementu mina, pontus tuirmai tenke
konsidera:

Sistema tenke kapasita fornesementu moos no tuir
sasukat kuantidade mina nian ba motores.

Pipa hotu hamutuk tenke koko presaun no aperta kuak.
Fitrus tenke fasil asesivel atu hamoos periodiku.

Ligasaun internu seFura_nsa tenke disponivel atu
kuidadu ba mina suli sai, presaun demais no situasaun
mina tun.

Komponentes apoia adekuadu tenke disponivel atu
kuidadu ba metodus sistema fallansu.
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S51. Sistema Mina (3)

Fuel Supply System For 4 - Cylinder 4 Stroke Diesel Engine

= 4
w
Fuel! Filter
‘. -
Injection Nozzle
{5-Hole Typo) - - o
Fuel Pressure
Re ief Valve
A Y Bleeding Screw)
. -l ( _
L -]
o L o
OQ
Feed Pump
In-ine Injection Pump Sed enlor Fug! Tank

S52. Sistema injesaun mina (1)

Sistema injesaun mina mak fuan hosi motor
Diesel no aprezentasaun hosi mesin nebe
kontroladu ho efikasia hosi injesaun mina
tama ba silindru.

Problema kontador, injesaun, atomizadér no
mistura ho anin ba kombustaun sai todan ho
velosidade motor aas. Maibe, mesin lori
jerador elétriku ho velosidade mesin kiik no
sira iha kamara kombustaun simples.
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S52. Sistema injesaun mina (2)

> Funsaun hosi sistema injesaun mina
> Fitru mina

> Metru ka sasukat kuantidade koretu hosit mina
nebe atu injeta

» Tempu injesaun mina ba silindru
» Kontrola manas hosi injesaun mina
» Atomiza ka hafahe mina ba partikel kiik sira

> Distribui mina didi’ak itha kamara kombustaun

S52. Sistema injesaun mina (3)

Tipus hosi sistema injesaun mina

» Tuirmai sistema injesaun mina baibain uza iha estasaun enerjia Diesel
sira.

» Sistema injesaun rail-baibain
» Sistema injesaun bomba individual
> Sistema injesaun distribuisaun
» Atomizasaun hosi mina bele realiza iha dalan rua.
» Deskarga anin
» Habelar presaun
> Motores diesel uza sedu injesaun anin-mina maizumenus 70 presaun
bar. Maibe nia presiza kompresor ketak hodi fornese anin. Pratika

agora atu uza presaun mina entre 100 no 200 bar atu atomiza mina
tanba nia suli sai liuhosi pipa matan.
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S52. Sistema injesaun mina (4)

Sistema Injesaun Rail Baibain
(Tipu-1)

Tipu 1da hosi sistema injesaun
rail baibain hatudu 1ha ne’e.

Fuel lines to

ather cyiindaers
Bomba ida deit fornese presaun High
aas (100 — 200 bar) mina ba pregs
kabesa vatve

Asisténsia valvula 1ha kabesa

) . C )—ﬁ
mantein presaun nafatin Hosdor orcommanrar ]

Kuantidade hosi mina nebe gk~ [vgnprossure
1njeta no tempu njesaun nian pume
ditadu host kalsu kontrolu nebe Pump-drve

ajusta host hiit mekanikamente
unsiona valvula.

52. Sistema injesaun mina (5)

Sistema Injesaun Rail
Baibain(Type-2)

Tipu segundu hosi sistema
injesaun mina rail baibain hatudu
tha ne’e.

(] Spring-loaded
[ITT sorey vaive

Fuel fings to
other cylinders

Bomba ida deit fornese presaun aas
(100 — 200 bar) mina ba

Camshaft

akumuladér et yomiiatrdd
Asisténsia presaun no tempu C
valvula regula tempu injesaun no Accumudator
montante Pmmd—b

) Controlled

prossure

Tula mola torneira valvula . prosa,
simplesmente servisu nu’udar xeke Fyeltrom
valvula

Classroom Lesson (Power) —72— Tetum

2013/10/9



52. Sistema injesaun mina (6)

Sistema injesaun bomba
individu

Eskematik hatudu 1ha ne’e.

Bomba individu ka bomba
silindru liga diretamente ba Injoction
torneira mina ida-idak

Pump with an

. - fue!
Kontadér no oras injesaun indidusl cylindar
. . .. for each noz2le
kontrola hosi bomba individu ¢y i

sira rack

Torneira 1ha asisténsia
valvula estarta hosi presaun
mina

S52. Sistema injesaun mina (7)

Sistema Distribuidor

> Eskematik hatudu iha Nozzles
ne’e.

>

>

ina konta tha pontu
sentral
Bomba ida sukat, oy
hanehan no hatudu
injesaun mina

ina nebe distribui ba
silindrus hasai ho didi’ak Prmary pump
operadu hosi cam valvula
poppet ne’ebé hatama
mina ba torneira.
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53. Sistema Malirin (1)

Presiza mesin malirin ba razaun sira tuirmai:

Temperatura gas kombustaun nian iha silindru laran bele to’o
2750° C. Karik laiha malirin eksternu, temperatura silindru nian
natoon no piston bele aas 1000° to’o 1500° C ne’ebé bele halo
nabeen sira.

>

Lubrikasaun oli iha operasaun temperatura ida la’o hosi 160° to’o
200° C. Temperatura hirak-ne’e oli sei sunu no sei hamosu
depozisaun karbonu. Iha liafuan seluk lubrikasaun sei la efetivu tan.

53. Sistema Malirin (2)

Haforsa materiais konstrusaun nian hasae ho hamenus iha
temperatura no iha limitasaun temperatura ba material hotu liu tiha
ne’ebé material sai fraku hotu ba intendementu aplikasaun.

Suar manas valvula bele rezulta iha pre-ignisaun no detonasaun ka
tarutu.

Temperatura silindru ulun aas bele redus efikas volumetrik no
ne’eduni enerjia produsaun.
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53. Sistema Malirin (3)

Kuaze 25%0 to’0 35%0 hosi total manas nebe fornese tha mesin hasai
ho malirin natoon. Aumenta 3% to’o 5% manas lakon hamosu
liuhosi lubrikasaun dleu no radiasaun.

Iha metodu malirin rua hosi mesin 1.C. :
1. Usa anin
2. Ura likidu

Uza anin: lha mctodu idane’c, manas
soc sai liuhosi anin dalan no hale’u
silindru. Aumenta fin sira iha silindru
ke prepara aumenta masa material nian
ba kondusaun hanesan mos

area adisional ba konviksaun no
modelus radiotivu hosi manas transferc.

Fins

53. Sistema Malirin (4)
Vantajen hosi uza anin

Dczenu motdr simples hanesan la presiza kazaku malirin.
Falta pipa malirin nian no radiadér halo sistema malirin simples.
La perigu ba malirin suli sai nst.

Mesin laos focus ba problemas asosiadu ho malirin taka metin
durante tempu malirin hanesan bee fé-malirin motores.

Encrjia nebe fornese, karga hosi mesin uza anin menus duké
mesin uza likidu.

Tha motér rasik no fasilliu atu instala.
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53. Sistema Malirin (5)
Dezvantajen hosi mesin malirin

Movimentu halo barullu
Malirin la uniforma

Produsaun hosi mesin uza anin menus duké mesin uza
likidu

Utilizasaun taxa kompresaun kiikliu
Manutensaun laos fasil

[.a utiliza ba mesin diesel

53. Sistema Malirin (6)

Uza likidu: Tha metodu idane’e, silindru nia parede no
kabesa taka ho jaket hodi nune’e malirin been bele sirkula.

Manas nebe transfere hosi parede silindru ba likidu
liuhosi konviksaun no kondusaun.

Likidu iha manas durante ninia pasajen liuhosi kazaku
malirin no nia rasik hetan malirin hosi meius ida hosi
sistema radiador uza anin. Manas nebe hosi likidu
nakdulas hodi transfere ba anin.

39
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53. Sistema Malirin (7)

Iha metodus balun hodi sirkula malirin been iha parade
silindru no kabesa:

» Uza thermo-syphon

» Uza forsa ka bomba

» Uza reguladdr thermostatic
» Uza presaun

» Uza evaporativu

29 6 2013 1 CA Ekipa AsisténsiaTéniku

53. Sistema Malirin (8)

Uza thermo-syphon: Iha metodu idane’e servisu tuir
faktu nebe bee sai moosliu tanba temperatura aumenta.

Upper hose connecﬂonﬁ‘

Il Upper tank

Radiator cora

L Cylinder water jacket

Lower tank

Lawar hose connection

29 6 2013
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53. Sistema Malirin (9)

Uza thermo-syphon: Eskematiku hosi utilizasaun sistema
thermo-syphon nebe hatudu iha slide kotuk.

[ha radiador tutun leten no kraik liga ba kazaku bee leten no kraik hosi mesin.
Bece lori tin ba radiadér liuhosi anin nebe pasa atu halirin nia.
Bee suli liuhosi radiadér tanba movimentu kareta ka hosi ventuifia.

Sistema simples no servisu bascia hosi konvetivu korente bee nian , bee-manas
hasae to’o jaket motér bee portantu redusaun hosi masa no bee malirin suli
tun iha radiaddr tanba atu aumenta masa.

De/svantajen mak malirin depende deit ba diferensas temperatura no laos
velosidade mesin.

Sirkulasaun bee nian estarta deit hofoin mesin komesa atu servisu.

53. Sistema Malirin (10)

Uza forsa ka bomba: Iha metodu idane’e, uza bomba
ne’ebe atu hamosu sirkulasaun malirin nian iha jaket bee
motor nian. Baibain bomba lori korenti hosi motor.

Radiator
Eng'ne

Pump
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53. Sistema Malirin (11)

Uza forsa no bomba: Eskematiku hosi utilizasaun sistcma forsa ka
bomba hancsan hatudu iha slide kotuk.

Vantajen hosi sistcma idane’e garantia malirin ba kondisaun hotu
hosi opcrasaun.

Sistcma tha dezvantajen sira tuirmai:

Temperatura hosi malirin independenti. Idane’e bele resulta mesin malirin
liu.

Bainhira muda sa’e foho, presiza malirin barak maibe sirkulasaun malirin
bele redds tanba hatun velosidade mesin. Idane’e bele rezulta mesin
manas liu.

Hapara malirin hafoin hapara mesin. Manas nebe iha mesin bele rezulta
manas liu. Idane’e |la presiza malirin tenke kontinua to’o motor iha
temperatura normal.

53. Sistema Halirin (12)

Uza regulador thermostatic: Thermostat halo kontralamentu
aparcllu temperatura nebe uza atu hapara malirin suli sai tha
tempceratura baril silindru okos.

Radiator
Upper tank
Over flow
pipe /—— Tharmostat
- ] E .
E 8y pasg
- -
- -
Alr
-+ -
-+ —
- -
Fan
R
Drain tap Lowar tank
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53. Sistema Malirin (13)

Uza reguladér thermostatic:

Sistama malirin modernu emprega valuvula thermostatic atu prevene malirin iha jaket motor hosi
sirkulamentu liuhosi radiador ba malirin to’o ninia temperatura nebe alkansa tiha ona valor
natoon ba operasaun mesin efikas.

Thermostat tha riti tha okos ense ho Iikidu volatile hanesan alku ethyl ka ether.

L ikidu volatile muda ba vapor tuir servisu temperatura nebe loos,

sira kria presaun natoon atu haluan iha okos. Main valve

Prossure
refiof vaive

Movimentu 1h_d okos nakloke valvu boot 1h_a proporsaun ba_ By pass s F
temperatura, sira aumenta ka hamenus malirin nebe suli sai -
hosi mesin ba radiador.

Bainhira valvula thermostat la loke, operasaun motor hasa’e
presaun malirin. Idane’e loke liuhosi presaun asistensia valvula
atu mantein sirkulasaun malirin ho bloku motor.

53. Sistema Malirin (195)

Presuriza malirin: Sistcma idane’e utiliza malirin ho presaun aas
atu hasa’e ninia pontu nakali no nunc’e aumenta manas transfere.

Pontu nakali malirin nian bele hasa’c liuhosi aumenta ninia
presaun. Idane’e autoriza manas transfere boot loos atu mosu iha
radiadér no ambiente.

Presaun malirin baibain mantein entre 1.5 no 2 bar.

Sistema presuriza malirin presiza valvu adisional bolu “vacuum
valve” atu evita formasaun hosi vacuum bainhira termperatura
tun hodi hamate mesin.

Valvu scguru iha forma ajuda presaun valvu ncbe forncse tha
tanki radiadér matan para bainhira radiér matan nakloke,
presaun imidiatamente senti kamaan.

43

Classroom Lesson (Power) —80— Tetum



2013/10/9

53. Sitema Malirin (16)

Evaporativu malirin : Sistema idane’c, mds bolu stim ka vapor
malirin, temperatura hosi bee malirin ulitiza to’o 100° C. Tipu hosi
malirin idane’e utiliza the high latent heat of vaporization hosi bee
atu arranja malirin ho bee minimu. Sistema idane’c, malirin sempre
likidu maibe stim formadu piska mate iha vessel ketak ida atu
kondensa.

T /— Raduator

53. Sistema Malirin(17)

Vantajen hosi uza likidu
Dezefu kompak hosi motér ho area frontal minimal.

Konsume kombustivel hosi kompresaun aas likidu malirin mesin
hatun duké ba motér anin malirin ida.

Hancsan malirin silindru baril no ulun tanba kazaku. Fasil atu
redus temperatura hosi silindru ulun no hatuur valvu.

Sistema malirin bele serve lokaliza itha ne’ebé de’it, enkuantu ba
uza mesin anin, instalasaun nescsariu tcbes iha oin ikusliu hosi
viaturas movel.

Efctivu tcbes ba encrjia mesin alta tensaun kompara ho sistema
ain malirin nebee presiza kuantidade boot anin nian atu rai-
malirin.

44
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53. Sistema Malirin(18)
Dezvantajen hosi likidu malirin

Sistema dcpendente ncbee presiza bee  malirin ba sirkulasaun iha
kazaku.

Enerjia absorve hosi bomba malirin boot natoon aas-liu duké ba
malirin hosi ventuina.

Tha akontecsementu lasusesu hosi sistema malirin estraga sériu
bele provoka ba mesin.

Sistema kompleksu tanba jakét malirin, bomba, pipa, radiadér
nst.

Kustu sistcma nian boot natoon aas kompara ho sistcma sistcma
anin malirin

Presiza manutensaun periédiku.

54. Sistema Lubrikasaun (1)

Lubrikasaun mak entrada hosi oli ka tau mina entre superfisies
iha movimentu relativu atu redus tensaun. Objetivu hosi
lubrikasaun bele ida ka liu hanesan tuirmai:

Atu redus tensaun no bee entre partes iha movimentu
relativu.

Atu fo-malirin superfisies liuhosi soe dook manas nebee
produs tanba tensaun.

Atu taka kuak nebe halai sa1 ezemplu kuak entre kadeli
piston no lifia silindru.

Atu hamoos superfisies ho hasai karbonu no metal rahun
tanba bosan ona.

Atu absorve xoke entre bearings no partes seluk tan ne’e
hamenus barullu.
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S54. Sistema Lubrikasaun(2)

Partes prinsipal hosi motor ida presiza lubrikasaun
mak:

1. Prinsipal crankshaft bearings
Koneksaun rod boot no bearing

Koneksaun rod kiik no ka gudgeon pin bearing

2.
3.
4. Kadeli piston no parede silindru
5. Oras halai

6. Mekanizmu valvula

7.

Matadalan valvula, ponteiru valvula, no rocker
arms

54. Sistema Lubrikasaun(3)
Klasifikasaun hosi sistema lubrikasaun

Sistema lubrikasaun uza ba mesin I.C. bele klasifika
hanesan tuirmai: T mio

1. Sistema lubrikasaun sump bokon ] R;"‘”""

2. Sistema lubrikasaun sump maran | Fiter

3. Sistema lubrikasaun abuabu

Sistema lubrikasaun sump bokon:

Sistema idanc’c uza ba oli sump kapasidadc
boot itha baze crank chamber nian hosi nebee
oli dada hosi bomba oli ho presaun kitkk no [~ -F==r=="-""-
lori ba partes oioin. Depois oli fila fali ba | Straor Wot Surgp
sump hafoin uza alokasaun. R :

0 Pump
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S54. Sistema Lubrikasaun(4)

Klasifikasaun hosi sistema lubrikasaun
Sistema lubrikasaun bomba maran:

Oli hosi sump lori ba tanki estorajen blok silindru liur. Oli hosi sump bomba ba
tanki estorajen hosi bomba scavenging ida. Oli hosi tanki estorajen bomba ba
silindru mesin liuhosi bomba seluk no oli malirin. Presaun oli muda hosi 3 to’o
8 bar. Tipu lubrikasaun idane’e jeralmente adopta ha motér sira kapasidade
aas.

Oll coaltor Prassure I I  p—

To rohof vave
beanng +—
Supply
Qit pump tank
Engmne crankcase Bypass

prassure refief

S54. Sistema Lubrikasaun(5)

Klasifikasun hosi sistema lubrikasaun
Sistema lubrikasaun abuabu:

Sistem idane’e uza ba mesin stroke-2.

Mesin hirak-ne’e barakliu mak fornese motdr n.e., sira emprega bak
kompresaun mesin no portantu, la dun serve ba lubrikasaun bak
motor .

Mortores hira-ne’e lubrikadu ho aumenta oli lubrikasaun 2 to’o 3%
iha tanki mina.

Oli no mina kahur lori liuhosi karburador.

Gazolina vaporiza no oli iha forma abuabu, ba liuhosi bak motér
tama silindru.

Oli ne’ebe kona iha didin bak motor, lubrika prinsipdl no koneksaun
rod bearings, no oli restun ne’ebe pasa iha silindru durante karega
no periodu scavenging, lubrika piston, kadeli piston, no silindru.
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S54. Sistema Lubrikasaun(6)
Sistemas Lubrikasaun Abuabu

Vantajen sira:
Sistema simples
Kustu tdn tanba falta hosi bomba, fitru sira, nst.

Dezvantajen sira:
Parte hosi Jubrikasaun oli sempre ahi-han iha kdmara kombustaun. Idanc’e
resulta ahi-suar, depézitu karbonu iha koroa piston, risku kadeli no suar
fatin, efikasia motér menus.
Bainhira oli sac ho vapér asidu prudis durante kombustaun, nia lakon
ninia propriedade anti korrozaun no bele manda ba korrozaun hosi
bearings.
Ba lubrikasaun efetivu, oli no mina tenke kahur didi’ak, idane’c presiza
kahur ketak molok atu usa ka aditivu espesial atu fé karakteristikas kahur
ho di‘ak.

Anauserke iha kontrolu diak iha oli lubrikasaun, motores stroke- 2 bele
halai “over oiled”.

55. Sistema Estarta Mesin (1)

Mesin diesel uza iha estasaun enerjia diesel
laos estarta rasik. Mesin diesel hamoris tuir
metodu ida tuirmai,

Iha metodus jerdl tolu hodi estarta mesin I.C.:
1. Estarta ho motdr auxiliariu
2. Uza motores elétriku ka estarta rasik

3. Sistema kompresa anin
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55. Sistema Estarta Mesi (2)

Estarta ho mesin ausiliar ida (normalmente lori mina):

Mesin ausilidr ida monta didi’ak ba mesin sentral no
liga liuhosi embreajen no mudansa.

Primeiru, embreajen dezemprega no mesin ausiliar
nebe estarta (ho liman ka liuhosi estarta rasik).

Hafoin mesin ausilidar komesa manas, mudansa lori
emprega liuhosi embreajen no motdr sentral exéntriku
atu estarta.

Embreajen halai hotu uza atu evita estraga ba ausiliar
motor hafoin motdr sentral estarta.

55. Sistema Estarta Mesin (3)

Uza mesin elétriku nian ka estarta rasik:
» Uza ba Diesel kiik ka Mina motores

> Bateria estorajen hosi 12V to’0 36V uza atu lori mesin
elétriku ida.

> Mesin elétriku hodi muda flywheel ho provizaun ba
dezempregamentu automatiku hafoin mesin estarta
ona.

Mesin dada korenti todan no dezigna atu servisu
beibeik ba periodu tempu badak &ipikamente 30 detik).

Bainhira mesin lao normalmente, jeradér d.c. kiik ida
iha mesin servi atu karega bateria.

49
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55. Sistema Estarta Mesin (4)

Uza sistema kompresa anin nian:

Sistema kompresa anin maioria uza ba estarta mesin diesel boot uza
ba fabrikas enerjia paradu.

Kompresa anin fornese kuaze 17 bar presaun iha tanki anin keta.

Kompresa anin idane’¢ inisidlmente fornese ba silindrus mesin ida-
rua, halo sira servisu f6 fali anin mesin atu halao eixu motor.

Mina hatama ba silindru ne’ebe iha no ignisaun hatu’ur iha fatin
di’ak hodi kria motor atu estarta.

Tanki anin karega ho separadu ka lori kompresér motor.

Sistema inklui estorjen tanki anin, seguransa valvula no pipa
interkoneksaun sira.

55. Sistema Estarta Mesin (5)

Metodu estarta no hapara hosi mesin
Estarta mesin nian:

Kazu hosi estarta mesin elétriku ida, cek kondisaun bateria nian.
Karik uza kompresa anin, cek sistema anin ba kuak ruma posivel.

Cek sistema mina motor, sistema lubrikasaun no sistema malirin ba
sira-nia funsaun propriu sira.

Crank mesin hafoin Earantia katak karga hotu pit off no
dekompresaun (karik disponivel) uza hela aparellu.

Bainhira estarta mesin, velosidade tdn ba minutus ida-rua no
observa servisu mina nian, lubrikasaun no sistema malirin.

glasab’e vilosidade neineik-neineik to’o nia sinkroniza ho estasaun
us bar.

Li%ajeradc')r ba bus bar bainhira nia iha sinkronizasaun no aumenta
velosidade motor to’o nia komesa atu fahe karga deseju.

50
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55. Sistema Estarta Mesin (6)
Metodu estarta no hapara hosi mesin
Hapara hosi mesin:

Redus velosidade mesin neineik-neineik.

Dezliga unidade hosi bus no husik mesin atu
traballa ba minutus balun no hapara nia tuir
instrusaun manufatura nian.

Sistema governa:

Funsaun hosi sistema governa atu mantein
velosidade hosi hmesin baibain la konsidera karga
iha fabrika.

Idane’e jeralmente halo hotu ho hamenus neineik-
neineik mina prepara ba mesin.
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AsisténsiaTékniku Japonés
kona-ba Hametin Kapasidade Institusional
Ajénsia Dezenvolvimentu Nasional nian (ADN)
iha Demokratiku de Timor-Leste

-- ENERJIA --

18 6 2013 JICAEkp Asisténsia Tékniku

Silabus

No. Kontetudu

1 Introdusaun

2 Fstasaun Fnejia (Diesel)

3 Subestasaun

4 Lifia Tranzmisaun (Sistema Tranzmisaun )

5 LifAa Distribuisaun (Sistema Distribuisaun )

6  Renovasaun Fnerjia (Fnerjia Photovoltaic)
Sistema Protesaun

8  Sistema Operasaun Fnerjia no Kontrolu

9  Sclukseluk

Kontetidu bele muda depende ba kondisaun.

Ha’u hakarak diskute kona-ba kontetidu ho Sr. Miguel no ITA.

18 6 2013 JICAEkp Asisténsia Tékniku
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V. SUBESTASAUN

1. Introdusaun(1)

Subestasaun simu enerjia elétriku hosi estasaun
enerjia liuhosi lifia tranzmisaun no lori enerjia sai
liuhosi lifia tranzmisaun.

Subestasaun sira mak partes integradu sistema enerjia
nian no forma ligasaun importante entre estasaun
enerjia sira sistema tranzmisaun sira, sistema
distribuisaun sira no pontu karga sira.

Subestasaun oioin lokaliza iha estasaun enerjia sira,
tranzmisaun no sistema distribuisaun sira iha dezefiu
hanesan no komponente elétriku sira hanesan.
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1. Introdusaun(2)

Subestasaun bazikamente tha numeru sirkuitu
ligasaun nebe tama no numeru sirkuitu ligasaun nebe
hasai liga ba busbar sira.

Busbars lori bar sira ba numeru sirkuitu ligasaun nian
ne’ebé liga.

Kada sirkuitu iha numeru komponente elétriku sira
nian balun hanesan breaker sirkuitu sira, isolator,
earth switches, transformadores korenti, voltage
transformadores voltajen, nst.

2. Funsaun hosi Subestasaun sira

Funsaun hosi Subestasaun Enerjia El¢triku sira maka:

Fornese enerjia elétriku ba konsimidores
kontinuamente

Fornese enerjia elétriku tha limitasaun voltajen
espesifika no limitasaun frekuensia

Badakliu durasaun bele fallansu
Optimal efikésia hosi fabrika no redi

Fornese enerjia elétriku nian ba konsumindores ho
folin kiik
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3. Tipu hosi Subestasaun sira

- Bazeia ba Servisu Natureza nian
Step up ka primariu subcstasaun:

Primariu subestasaun sira asosidadu ho fabrika enerjia sira iha ne’ebe voltajen
sae hosi voltajen kiik (]15kV) ba 150kV hodi tran/mite enerjia para motante
boboot enerjia nian bele tranzmite ba distansia dook hosi karga sentral.

Primariu Grid Subestasaun:

Hanesan subestasaun sira nebe lokaliza iha karga sentral serve ho lifia
tranzmisaun primariu. Tha Subestasaun Enerjia Grid sira prinsipal tran/misaun
voltajen (150kV) tun gba tran/misaun voltajen segundu. Liia tran/misaun
segundu nebe lori ba Subestasaun Enerjia Sekundariu situada iha karga sentral
iha ne’ebe voltajen tun hela{/ba Sub tranzmisaun Voltajen ka Primariu
Distribuisaun Voltajen (20kV). ’

Step Down ka Distribuisaun Subestasaun:

Hanesan subestasaun sira nebe lokaliza iha karga sentral. Tha ne’e Sub
transmisaun Voltajen hosi Distribuisaun Voltajen (20kV) tun ba Distribuisaun
Voltajen Sekundariu (380V ka 220\/?_ Hosi Subestasaun sira-ne’e enerjia sei fo
ba konsumidores ba sira-nia terminal sira. ’

4. Tipu hosi Subestasaun sira

- Baze hosi Fornesementu Servisu -
Subestasaun Transformador:

Transformadores nebe instala iha subestasaun sira atu transforma
enerjia hosi nivel voltajen ida ba nivel voltajen seluk.

Subestasaun Switching:

Subestasaun switching sira signifika ba operasaun switching hosi lifias
cnerjia sein transforma voltajen sira. [ha subestasaun hirak-ne’e
diferente koneksaun nebe halo entre lifias transformasaun. Diferente
Fskema Switching nebe emprega depende iha aplikasaun atu tran/mite
enerjia ho maneira nebe diakliu iha redi ida.

Subestasaun Converting:

Hanesan subestasaun sira nebe lokaliza iha ne’ebe presiza konversaun
AC ba DC. Tha tran/misaun HVDC Subestasaun Converting nebe
emprega iha partes rua hosi HVDC liga ba converting AC ba DC no
converting fila fali hosi DC ba AC. Subestasaun Enerjia Converting
sira mos ecmprega iha ne’ebe frekuensia bele konverta hosi aas ba kraik
no kraik ba aas. Tipu hosi frekuensia idane’e presiza iha ligasaun ba
Sistema Grid sira.
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S Tipu hosi Subestasaun sira
- Bazeia ba Operasaun Voltajen -

Subestasaun Voltajen Aas:

Tipu hosi subestasaun idane’e asosiadu ho
operasaun voltajen sira entre 11kV no 66k V.

Subestasaun Esktra Voltajen Aas:

Tipu hosi subestasaun idane’e asosiadu tha
28 Oel?\é} operasaun voltajen entre 132kV no

Subestasaun Ultra Voltajen Aas:

Subestasaun sira itha ne’ebé Operasaun
Voltajen sira iha 400kV bolu Subestasaun Ultra
Voltajen Aas.

6. Tipu hosi Subestasaun sira
- Bazeia ba Dezeu Subestasaun -

Subestasaun Outdoor sira:

Tha Subestasaun Outdoor sira, ckipamentu clétriku oioin
ncbe instala itha switchyard 1ha sky okos. Ekipamentu
elétriku nebe monta iha apoiu cstruturas atu hetan
autorizasaun liga ba rai sufisicnte.

Subestasaun Indoor sira:

Tha Subestasaun Indoor sira, aparatus nebe instala iha

edifisiu susbestasaun. Hanesan subestasaun sira baibain

hodi evalua 66kV. Subestasaun Indoor sira prefere iha area
oluidu maka’as no Subestasaun sira situada besik tasi sira

Eambientc meer hamosu Izolador Falla ruzulta tha
lashovers).
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7. Tipu hosi Subestasaun sira
- Bazeia ba Dezefiu Konfigurasaun(1) -

Subestasaun Air Insulated:

Iha Air Insulated Substations, busbar sira no
konektor sira i1ha vizivel. Tha tipu idane’e hosi
subestasaun sira, Breaker Sirkuitu sira no Isolator
sira, Transformador sira, Transformador Korenti
sira, Transformador Potensial sira, nst. Nebe
instala iha postu Isulator sira ka Strain Isulator sira.
Subestasaun sira tha Estrutura Besi-asu sira hodi
apoiu ekipamentu, isulator sira, no hatama no hasai
lifias. Autorizasaun mak kriteriu prinsipal ba
subestasaun hirak-ne’e no okupa area boot ba
instalasaun.

7. Tipu hosi Subestasaun sira
- Bazeia ba Dezefiu Konfigurasaun(2) -

Gas Insulated Substation:

Iha Gas Insulated Substation, Subestasaun
Ekipamentu Oioin hanesan Breaker Sirkuitu sira,
Transformador Korenti sira, Transformador
Voltajen sira, Busbar sira, Earth Switch sira, Surge
Arrester sira, Isolator sira, nst. Hosi besi hamutuk
ho komponentes gas SF6. Komponentes nebe
monta tuir Konfigurasun presiza. Eziste partes
oioin hamutuk itha komponentes besi kontein gas
SF6 ho presaun aas. Nune’e medida hosi
subestasaun redus ba 8% to’o 10°6 hosi Air
Insulated Substation.
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7. Tipu hosi Subestasaun sira
- Bazeia ba Dezefiu Konfigurasaun (3) -

> Subestasaun Hybrid:

»Subestasaun Hybrid sira kombinasaun
hosi rua ne’¢ hotu Subestasaun
Konvensional no Gas Insulated
Substation. Bays balun tha Subestasaun
ida maka Tipu Gas Insulated no Tipu Air
Insulated. Dezefiu bazeia ba
konveniénsia, Kondisaun Lokal sira
disponivel, area disponivel no Kustu.

EKIPAMENTU PRINSIPAL
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8. Busbars

Sirkuitus oioin tama no sai nebe liga ba busbar
sira. Busbar sira simu enerjia hosi sirkuitus
tama no lori enerjia ba sirkuitus sai.

9. Transformadores Enerjia

Transfromadores enerjia nebe uza ba voltajen sira a.c. step-up
ka step-down no atu transfere enerjia elétriku hosi nivel
voltajen 1da ba ida seluk. Mudansa tap sira uza ba kontrolu
voltajen.
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10. Breaker Sirkuitu (1)

Breaker Sirkuitu uza ba Switching durante kondisaun
operasaun normal no lanormal sira. Nia uza atu teri netik
korenti sirkuitu sira. Operasaun Breaker Sirkuitu inklui.

1. Taka
2. Loke
3. Auto — reclosing

Breaker Sirkuitu lokaliza
besik pontu switching ida-
1dak no mos lokaliza iha
rohan sira rua nc¢’e hotu
hosi zona protesaun ida-

1dak.

4
al

10. Breaker Sirkuitu(2)

Breakers baibain klasifika
hanesan “dead tank”™ ka
“live tank” konstrusaun.

“Dead tank™ signifika

katak tanki breaker

sirkuitu no asesorius hotu
mantein iha rai potensial,

no rekursu eksternu no =
koneksaun karga halo

liuhosi bushing

konvensional sira.

“Dead Tank” Breaker
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10. Breaker Sirkuitu(3)

“Live tank” signifika
katak uma metal no
porselin tha
mekanizmu teri netik
nebe monta tha koluna
1zolamentu porselin 1da
no ne’edunt tha lifia
potensial.

“L've Tank” Breaker

10. Breaker Sirkuitu(4)

Depois klasifikasaun hanesan konstrusaun “live tank” ka
“dead tank”, breaker sirkuitu sira mos klasifika tha termus
hosi media interrompe. Breaker sira moés klasifika hanesan
three-pole, single-throw, no pole operasaun independenti.

Three-pole single-

throw breakers utiliza

mecsin mckaniku ida

atu viajen three poles

hotu ho ligasaun atu

hala’o opcrsaun I
hamutuk.

i

Three-Po e S'ng e-Throw Breakers
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10. Breaker Sirkuitu(5)

Ho operasaun
pole-independenti,
kada pole
perapara ho
mekaniku
signifika atu
hamonu ninia
pole ida de’it.

SF6 Gas C'rcu't Breakers

10. Breaker Sirkuitu(6)

Laiha orientasaun jeral atu bele dezefia ba
aplikasaun hosi tipus oioin hirak-ne’e hosi breaker
sirkuitu sira. Kada utilizadér tenke determina valores
hosi breaker sirkuitu sira nebe presiza no depois hili
tipu ida hosi breaker sirkuitu aseitavel ho valér,
represcntasaun espetativas, kompatibilidade ho
planeiadu ka konfigurasaun subestasaun ne’ebé¢ iha,
no abilidade atu instala, opera, no mantein breaker
sirkuitu. Kustu bele moés sai konsiderasaun
importante iha sclesaun final. Barak, maibe laos hotu,
breaker sirkuitu doméstiku sira iha subestasaun sira
li’ur hosi 2.4 kV to’o 24.9 kV utilisa tcknolojia
vacuum hanesan izolante diclétriku atu teri netik
karga ka korenti sira monu. Meszmu vacuum Ii’ur

=i

breaker sira bele fornese ba voltajen sira to’o 38 kV, | e
SF6 mak moioriamente barak usa ba voltajen sira R
hosi 34.5kVto 65kV. Type SDV Vacuum C'rcu’t Breaker
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11. Metal-clad switchgear

Mectal-clad switchgear serbi sistema funsaun hanesan elementus komparavel iha

subestasaun bus-type konvensional aberta. Elementus sira-ne’e bele inklui

aparellus enerjia switching ka interrupting sentral, switches de/ligasaun , buses,
instrumentu no kontrolu transformadores cnerjia no kontrolu , aparrelus ausiliariu,

hanesan mos aparellus seluk.

Typ'ca S'nge-A’s e Sw'tchgear Insta at'on

12. Reguladores voltajen(1)

Three-phase no single-phase reguladores voltajen rua ne’e hotu

mak uza iha subestasaun distribuisaun sira atu regula parte karga

voltajen. Subestasaun reguladores maka meius importante ida
besik ho enerjia load-tap-changing. Transformadores shunt
capacitor sira, no reguladores lifia distribuisaun, hodi mantein
nivel propriu hosi voltajen iha kliente nia odamatan servisu.

Tha tipus jeral rua hosi reguladores voltajen orientasaun

regulador no regulador step-type. Tipus rua ne’e hotu disponivel

iha dezefius single- ka three-phase. Regulador step-type iha
distansia aplikasaun luan iha sistema distribuisaun elétriku.
Regulador step-voltage kuaze troka tiha ona regudor induction-
voltage tanba idane’e kustu tin no asisténsia hanesan.
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12. Reguladores voltajen(2)

Medidas ba susestasaun uza dala barakliu hosi

sistemas elétriku rural reguladores single-phase

mak baibain karun oitoan. Sira més halo scrvisu

diak ida hodi mantein balansu voltajen phase sira

liuhosi kodisaun sira hosi karga labalansu.

Reguladér single-phase sira més adaptavel liu ba o
utilizasaun lifia tanba hosi relativu. Boletin pole
nian fasil hasa’c. Regulamentu hosi reguladér
single phase mos o reliabilidade masimu ba
sistema tanba regulador ida bele muda ba
manutensaun ka reparasaun sein presiza de-
energize
transformadores ka reguladores seluk. Switch
espesial disponivel atu permite hasai regulador ida
hosi servisu sein interrompe sirkuitu. S'ng e Phase Vo tage Regu ator

12. Reguladores voltajen(3)

Tha subestasaun distribuisaun
boot sira, opsaun hosi
reguladores three-phase bele
bazcia ba gastus ka
disponivilidade hosi reguladores
single-phasc hosi medida presiza. -
Reguladores three-phasc presiza ,
fatin kiik oitoan duké reguladores l
|

three single-phase.
Three-Phase Vo tage Regu ator

iy o®
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13. Shunt Reactors

Shunt Reactor sira uza ba lina tranzmisaun EHV naruk sira
atu kontrola voltajen durante periodu karﬁa kiik. Shunt reactor
sira mos uza atu kompensa kaﬁ)amdad__e shunt hosi lina
tranzmisaun durante periodus karga kiik. Baibain shunt
reactor sira lataka..

(TS TUC B
.

14. Kapasidade Shunt

Kapasitor shunt sira uza ba kompensamentu enerjia reativu
1zolamentu fator enerjia. Kapasitor shunt sira uza hodi promove
fator enerjia. Idane’e mods uza ba kontrolu voltajen durante
1zolamentu sériu fator kargas enerjia. Kapasitor shunt sira loke
durante 1ha kargas sériu no taka mate durante kargas tin.

Va ! "ig,zf"‘ ik

i
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15. Kapasitor Série

Kapasitor sériesira uza ba EHV naruk balu linas a.c atu
promove transfere abilidade ene_r{;a_ Kapasitor sira lokaliza tha
sending end receiving end hosi linas. Kapasitor sériesira
prepara ho bypass sirkuitu breaker no protetivu spark — gap sira.

16. Reatores Série

Reatores série uza atu limita korenti sirkuitu-badak no atu limita
korenti sai boot asosiadu ho kargas namlele. Reatores série
lokaliza i1ha fatin sira estratéjia hanesan ne’e nivel sira monu

redus.
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17. SWITCHES ANIN

Funsaun jeral hosi switch anin hanesan monta
tha ANSI IEEE Std. C37.100: “ Aparellu
switching dezefia atu taka no loke sirkuitus
elétriku 1da ka rua ho meius nebe diriji bele
haketak ligasaun nebe separadu iha anin.” Anin,
tha presaun atmosfera, mos iha izolamentu
natoon entre ligasaun sira ne’ebe 1ha pozisaun
nakloke.

19. Isolators ka Switches Dezligasaun

Isolators prepara ba 1zolamentu hosi live parts tuir objetivu
manutensaun nian. Isolators lokaliza iha sori balun hosi
breaker sirkuitu. Isolotors nebe opera laiha karga. Isolator
laiha nilai ruma hodi harahun korenti ka halo korenti. Isolators
ka’it malu ho breaker sirkuitu sira.

Tipus hosi 1solators mak

1.Central rotating, horizontal swing

2 Centre-Break

3.Vertical swing .
4 Pantograph type N
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20. Earth Switch

Earth switch uza atu dezkarga voltajen 1ha sirkuitu ba earth
hodi f6-seguransa. Earth switch monta 1ha frame isolators nian.
Earth switch lokaliza ba kada lifia tranzmisaun nebe tama no
kada sorin hosi seksaun busbar.

21. Grounding Switch

“ Aparellu s_witching mekaniku 1da
hos1 meius 1da ne’ebe sirkuitu ka
kada aparellu bele liga elétriku ba
rai.” Ggoundl_ng switches dala
barak monta 1ha jaw ka hinge tutun
hosi dezligasaun ka horn-gap
switches.

Tipiku Aplikasaun sira

a. Ba sirkuitu ka bus rai sira
(asegura manutensaun) hafoin izola
uluk sira.

b. Sirkuitu ba rai ho-intensaun
(utiliza aparellu automatiku
velosidade-aas 1da) atu ativu
remote eskema relaying protetivu

ida Hor'zonta y Mounted Double Break Swtch w'th Ground'ng Sw'tch
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22. Horn-Gap Switch

Switch 1da fornese ho arcing
horns.

Tipiku Aplikasaun :

Ba de-energize ka energize
sirkuitu 1da nebe 1ha limitasaun
montante hosi magnetik ka
kapasidade enerjia, hanesan
transformador korenti ka lina
korenti. Arcing horns proteje
ligasaun prinsipal durante loke
ka taka no promove abilidade
switch nian atu hala’o ninia
servisu.

Hor'zonta y Mounted Double-Break Swtch.

Note arc'ng horns and corona sh’e ds at b ade contact po'nts

23. Interrupter Switch

“Air switch 1da, prepara ho
interrupter 1da, atu halo ka
harahun korenti espesifiku, ka
rua ne’e hotu.” “Natureza hosi
korenti nebe halo ka harahun
ka rua ne’e hotu, bele indika ho
prefiksu natoon, katak, load
interrupter switch, fault
interrupter switch, capacitor
current interrupter switch, nst.”

Tipiku aplikasaun mak indika
tha naran prefiksu sira iha leten.

Horzonta y Mounted Vert'ca -Break Interrupter
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24 . Konstrusaun Oioin hosi Outdoor Air
Switches(1)

Outdoor air switches konstrui tha modelus ka
konstrusaun diferente barak.

Vertical Break Switch
“Ida ne’ebe 1ha travel hosi blade
tha plane vertikdl ida ba plane
hosi mounting base. Bladc itha
pozisaun ncbe besik paralelu ho
mounting base.” Dobralisa rohan
iha isolator rua, ida nc¢’cbe
hamosu rotasaun liuhosi
mckanizmu opcrasaun no nune’e
blade bele loke no taka.

Vert'ca y Mounted Vert'ca -Break Sw'tch

24. Konstrusaun O1oin hosi Outdoor Air
Switches(2)

Double Break Switch

“Ida nebc la taka kondutor
sirkuitu tha pontus rua.” Karga
isolator sentru troka atu komplcta
operasaun abertura no
enscramentu.

Hor'zonta y Mounted Double-Break Sw'tch

Classroom Lesson (Power) —107— Tetum

2013/10/9



24. Konstrusaun O1oin hosi Outdoor Air
Switches(3)

Tilting-Insulator Switch

“Ida ne’ebe loke no taka travel
hosi blade nebe talentozu liuhosi
movimentu tilting hosi ida ka liu
hosi apoia isolator ncbe bele
hala’o partes switch nian.” Tipu
hosi switch idanc’c ohin loron
dala ruma deit mak uza. Maibe,
switch idanc’c sei serbi iha
instalasaun nc¢’ebe iha. Ida nc’e
inklui tha ne’e bainhira presiza
atu modifika ka troka hancsan

switch sira ncbe 1ha biban. . )
T t'ng Insu ator Sw'tch

24. Konstrusaun Oioin hosi of Outdoor Air
Switche (4)

Side-Break Switch

“Ida ne’ebe iha travel hosi blade
tha plane paralclu ba basc switch
nian.” Dobralisa rohan isolator
troka atu kompleta operasaun
abertura no cnscramentu.

S'ng e S'de-Break Sw'tch
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24. Konstrusaun O1oin hosi Outdoor Air
Switches(5)

Center-Break Switch

Ida ne’ebe iha travel hosi blade
tha plane paralclu ba basc
switch nian no n¢’c la taka iha
sentru iha dc’it pontu ida.
Isolator rua ne’c¢ hotu troka atu
kompleta operasaun abertura
no cnscramentu.

Underhung Center-Break V-Sw'tch

24. Konstrusaun Oioin host Outdoor Air
Switches(6)

Grounding Switch

“Aparellu switching mckéaniku ida
ho meius sirkuitu ka besi baluk ida
nc’ebe bele liga elétriku ba rai.
Tipus balun normalmentc uza
grounded blade 1da, n¢’cbe halo atu
liga bus ka ckipamentu rai nian.

Hor'zonta y Mounted Doub e Break Sw'tch
w'th Ground'ng Switch
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24. Konstrusaun Oio0in hosi Outdoor Air
Switches(7)

Hook Stick Switch

Ida nebe loke manualmente ho
mcius switch stick ida. Isolator rua
n¢’e hotu estasionariu nafatin
bainhira blade, hasai tiha ida, tuir
switch stick nebe mak loke ka taka.
Hirak-nc’e mak tomadas single-
pole (single-phase)..

Hook St'ck Sw'tches on Structure at
Term'nat’on of Bus from Transformer

24. Konstrusaun O101in hosi Outdoor Air

Switches(8)

Vertical Reach Switch

“Kontak estasionariu ida

ne’ebe hetan apoia hosi

estrutura separadu hosi hinge }
mounting base. Blade 1ha

pozisaun besik nebe vertikal ho
hinge mounting base.”

Vert'ca Reach Sw'tch
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29. Surge arrestors ka
Lightning arrester

Surge Arresters ka Lightning Arresters
dezkarga voltajen aas sai boot derrepente ba
rai no proteje ekipamentu izolasaun hosi
switching surges no lightning surges. Surge
arresters jeralmente liga entre kondutor no rai.
lha subestasaun surge arrester nebe lokaliza
tha estartamentu subestasaun nian hanesan
hatudu 1ha lifia tranzmisaun tama no sai
ekipamentu dahuluk subestasaun nian. Surge
arresters mos prepara besik phase terminal
transformador ba rai. lha tipu rua hosi surge
arresters nebe disponivel 1) Gapped Arresters
2) Gapless Zinc — Oxide arresters.

30. SIRKUITU RECLOSERS AUTOMATIKU (1)

» Sirkuitu recloser automatiku ida maka aparellu self-
controlled protetivu nebe uza atu interrompe no
reclose automatikamente ba sirkuitu alternating-
current ida liuhosi sekuensia predeterminadu ida hosi
opening no closing tuir resetting lockout ka hold
closed.
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30. SIRKUITU RECLOSERS AUTOMATIKU(2)

Objetivu: Recloser sira nebe mak instala atu prepara
kontinuasaun servisu ho masimu ba distribuisaun kargas, simples
no ekonomikamente, hodi muda fallansu sirkuitu
permanentemente hosi sistema ka clearing no reclosing imediatu
itha sirkuitu ida nebe suzere ba fallansu temporariu 1da nebe
hamosu hosi lighting, trees, wildflife ka problemas hanesan. La
hanesan ligasaun fuse, ne’ebe interrompe mos fallansu temporariu
ka permanente indezkriminamente, recloser sira bele hafahe tipus
fallansu rua ne’e permanente no temporariu. Sira {6 fallansu
temporariu repetidu troka sein fallansu ka sai klaru hosi aparellu
protetivu subordinadu. Enkuantu fallansu seidauk klaru, recloser
rekonese fallansu hanesan permanente no fusiona atu hasai ka, tha
aplikasaun balun hold closed.

18 6 2013 JICAEkp Asisténsia Tékniku

30. SIRKUITU RECLOSERS AUTOMATIKU(3)
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30. SIRKUITU RECLOSERS AUTOMATIKU(4)

- %y 0
‘ e

1 1e

Rec oser w'th S'ngle-Phase Tr'pp'ng and Three-Phase Lockout

30. SIRKUITU RECLOSERS AUTOMATIKU (5)

Aplikasaun: Sirkuitu reclosers automatiku uza iha
distribuisaun subestasun sira no iha branch feeder sira atu
proteje sirkuitu distribuisaun sira no atu kontrola sira. (hare
pajina tuirmai) sira-nia aplikasaun propiu presiza estudu ida
kona-ba karakteristika karga ka sirkuitu-badak sira hosi rua
ne’e hotu proteje no protesaun ekipamentu. Idane’e inklui
fuzivel voltajen-aas ka protesaun seluk iha fornesementu ba
transformador subestasaun banku, breaker sirkuitu ida ka
recloser iha distribuisaun voltajen fornese feeder iha
subestasaun, lifia reclosers oioin, sectionalizers, lifia fuzivel
sira, karakteristiku fiu iha fatin fallansu, rezisténsia ground,
nst.
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30. SIRKUITU RECLOSERS AUTOMATIKU(6)

[—SUBSTAT[ON

|
|
8 ——
I 3 T 3-PHASE / 1-PHASE
| L]NES LINES @
| HlGH—
| SIDE
| FUSE
|
I

TRANSFORMER
69—14.4 kv |

RECLOSERS:

A+ THREE-PHASE RECLOSER PROTECTING FEEDER
LEAVING SUBSTATION
+ THREE-PHASE LINE RECLOSER FOR —10—D)

SECTIONALIZING LONG LINE
« THREE PHASE RECLOSER FOR TAP WITH

LARGER LOAD o— —
SINGLE-PHASE RECLOSER FOR SMALLER

C o w

SINGLE—-PHASE TAP
r SINGLE-PHASE RECLOSERS MAY BE SUBSTITUTED IF
SYSTEM CONSIDERATIONS PERMIT SINGLE—PHASE LOCKOQUT.

Typ'ca L'ne D'agram of D'str'but’on C'rcu't Show'ng App ‘cat'on of Rec osers

11. SIRKUITU RECLOSERS AUTOMATIKU (7)

Single-Phase ka Three-Phase: Reclosers single- no three-
phase rua ne’e hotu disponivel atu satistas rekerementus
aplikasaun.

Single-Phase Reclosers: Recloser single-phase sira uza atu
proteje lifias single-phase, hanesan branches ka taps hosi
three-phase feeder ida. Sira bele mos uza iha sirkuitus
three-phase iha ne’ebe karga maioria single phase. Nune’e,
bainhira phase-to-ground permanente ida hamosu fallansu,
phase ida bele taka bainhira servisu mantein atu sistema
hosi two-thirds nafatin.
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30. SIRKUITU RECLOSERS AUTOMATIKU(8)

Three-Phase Reclosers: Three-phase reclosers usa iha ne’ebe taka three-phase

hotu nebe presiza ba tallansu permanente ruma. Sira mos usa atu prevene single

phasing hosi kargas three-phase, motdr three-phase boot sira. Three-phase reclosers

iha modelus rua hosi operasun.

~  Primeiru, single-phase nebe trip no three-phase nebe lockout, iha reclosers
single-phase tolu nebe monta iha tanki single ida, ho interkoneksaun mekaniku
ba lockout de’it. Kada phase opera independentemente ba overcurrent tripping
no reclosing. Karik phase ruma opecra ba kondisaun lockout tanba fallansu
permanente ida, mekaniku nebe liga trip sira loke phases rua scluk no taka sira-
nia nakloke. Nune’e , hatutan organiszasaun single-phase hosi kargas three-
phase nebe prevene. Tipu hosi operasaun idane’e prepara ba tipus recloser sira
kiikliu.

~ Recloser boot sira utiliza ba modelu segundu operasaun nian: three-phase trip
ho three-phase lockout. Ba fallansu ruma—single-phase-ba-ground, phase-ba-
phase, ka three-phase—ligasaun hotu opera iha dala ida de’it ba operasaun trip
ida-idak. Three phases, mekanikamente liga hamutuk ba tripping no reclosing,
nebe opera hosi mekanizmu jerél

30. SIRKUITU RECLOSERS AUTOMA TIKU(9)

Konstrusaun

Sirkuitu reclosers automatiku barakliu tha komponentes lima
prinsipal: tank, bushings, mechanism interrupter, no controls.
Mczmu firguras ncbe hatudu refere ba sirkuitu reclosers oli, reclosers
barak itha komponcntes baziku hancsan.

Tanki: Tanki partc ida hosi recloser ncbe hamahan mekanizmu
interrupter no tripping no closing sira. Tanki baibain halo hosi besi
asu no rectangular ba three-phase recloser ida no cylindrical ba
single-phasc recloser ida. Tutun baibain aluminiu tranzmite apoiu
komponentcs oioin. Teknolojia foun balun seidauk utiliza tanki sira.
Interrupter bele hamutuk tha epoxy bushing bainhira mekanizmu
funsiona homutuk ho steel housing.

Bushings: Bushings izola estruturas inklui through-conductors ho
provizaun hodi monta iha recloser tutun.
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30. SIRKUITU RECLOSERS AUTOMATIKU(10)

Mekanizmu Operasaun: Mekanizmu operasaun hosi sirkuitu reclosers automatiku
ida fornese cnerjia atu loke, taka, reclose, lockout, ka kacr besik koneksaun
prinsipal. Mekanizmu tripping mak aparellu nebe hasai kapital investimentu no
loke koncksaun prinsipal. Tha kasu barak, encrjia nebe loke fornese hosi springs
nebe karega hosi mekanizmu closing. Mekanizmu operasaun ida hanesan hatudu
iha

Figura

rf T

Operat'ng Mechan’sm w'th Hous'ng Cover Removed

30. SIRKUITU RECLOSERS AUTOMATIKU(11)

Mekanizmu closing mak solenoid coil, springs, ka motér ida no
aranjamentu gear. Encerjia closing serbi atu taka koneksaun prinsipal no
iha tempu hanesan karega opening springs. Meckanizmu lockout mak
aparellu nebe taka koneksaun prinsipal iha pozisaun nakloke tuir
komplesaun hosi sekuensia operasaun nian. Mekanizmu hold-closed
mak aparellu nebe kaer koneksaun prinsipal iha pozisaun nebe taka tuir
komplesaun hosi predeterminadu sekuensia operasaun nian. Nia kaer
koncksaun prinsipal nebe taka hanesan mos korenti suli resin ho valor
predeterminadu sekuensia operasaun nian. Bainhira korenti nebe redus
tun hosi valor idane’e  mekanizmu hold-closed monta-fali ba ninia
pozisaun inisial.

Interrupter: Interrupter mak parte ida hosi recloser nebe iha
koneksaun separadu nebe opera iha unidade interrupting.
Konfigurasaun fiziku no metodu interruption nian hamutuk tebes ho
manufatura no klasifikasaun recloser.

28

Classroom Lesson (Power) —116— Tetum



30. SIRKUITU RECLOSERS AUTOMATIKU(12)

Kontrolu: Reclosers nebe prepara ho aparellu sekuensia
kontrolu no operasaun integrator atu muda recloser hosi

operasaun instantaneu ba time-delay operasaun no atu lockout
recloser hafoin aprova numeru opersaun. Operasaun tripping
individu hosi recloser ida bele atu haktuir imediatu ka time-
delay, karakteristiku time-current. Reclosers normalmente tau

ba sekuensia operasaun nian hanesan tuirmai:
a. Operasaun time-delay hat
b. Operasaun imediatu ida tuir ho operasaun time-delay

tolu

c. Operasaun imediatu rua tuir ho operasaun time-delay

rua

30. SIRKUITU RECLOSERS AUTOMATIKU(13)

Operasaun Recloser
Bainhira overcurrent ho
motantc sufisiente suli
liuhosi trip coil ka sensing
transformadores korenti,
asaun tripping nebe komesa
no liga nakloke. Recloser
liga hafoin reclose tuir
durasaun tempu
predcterminadu (haree
Figura — ANSI IEEE Std.
C37.60-1981).

INITIATION OF
SHORT CIRQUIT

ACTUATION OF
TRIP CIRCUIT

PRIMARY ARCING

FINA A
EXTIN TION

INTERRUPTING TIME

RECLOSING INTERVAL

RELEASE | OPENING | ARCING
DELAY TIME TIME

CONTACT
PARTING TIME

AR N TIME

Un't Operat'on. Ref. ANSI/ IEEE Std. C37.60-1981

CONTACTS PART WARY ARCING
NTACTS MAKE
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30. SIRKUITU RECLOSERS AUTOMATIKU(14)

Bainhira recloser reasesu sirkuitu, aparellu sekuensia kontrolu muda tiha ona atu konta
operasaun trip. Enkuantu fallansu sei kontinua iha sirkuitu bainhira recloser taka, sekuensia
tripping no closing repete numeru predeterminadu hosi tempu, hanesan estabelese hosi
aparellu sekuensia kontrolu, to’o recloser la’o hanesan lockout ka posisaun hold-closed.
Karik fallansu klaru tiha ona hosi sirkuitu durante periodu open-circuit ruma, maibe,

recloser taka no taka nafatin, +FASTe OPERATIONS +TIME—DELAYe OPERATIONS

no aparellu sekuensia (CONTACTS CLOSED) (CONTACTS CLOSED)
kontrolu tau-fali atu nune’e
nia iha posisaun ba i i i i i {
ia tuirmai i LOAD RECLOSER
sekuensia tuirmai }1(.)51 CURRENT ’ RECLOSE!
operasaun. (haree Figura).
(CONTACTS (CONTACTS
CLOSED) | OPEN)

FAULT TIME W
INITIATED

RECLOSING INTERVALS
(CONTACTS OPEN)
Rec oser Operat'ng Sequence Upon Occurrence of a Permanent Fau t

30. SIRKUITU RECLOSERS AUTOMATIKU(15)

Manutensaun no Inspesaun

Instalasaun: Antes instala recloser ida, revista ba estragu mekaniku eksternu,
nivel oli, (recloser ense oli), sckuensia servisu hancsan espesifika, no halo
dokumentasaun leitura iha kontadér operasaun. Periodiku inspesaun no
manutensaun cscnsial atu garante cfikasia, servisu trouble-free hosi sirkuitu
recloser automatiku ida. Bainhira sirkuitu recloser automatiku nebe instala, ne’e
tenke tau iha orariu periodiku hosi teste no inspesaun. Frekuensia hosi
manutensaun tenke baseia ba rekomendasaun manufatura man, liu oras servisu,
no numeru operasaun nian. Teknolojia vacuum foun barak scidauk presiza
frekuensia hosi orariu manutensaun nebe sirkuitu recloser oli tradisional halo.
Hanesan teste no inspesaun tenke taka oras teste no revista bushings ba cracks no
tanki hosi oli sai, hanesan més halo dokumentasaun leitura kontadér. Inspesaun
internu tenke inklui liga manutensaun no substituisaun; revista gear sira hotu,
linkages, planu servisu; teste oli nian, nst.
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30. SIRKUITU RECLOSERS AUTOMATIKU(16)

Mounting

Reclosers barakliu, single-no-three

phase rua ne’e hotu mak scrve ba

monta itha besi-riin sira (haree

Figura) no estruturas subestasaun 5 7

sira. Reclosers single-phasc bele ' s

monta mesak ka iha grupus.
Recloser three-phase tha arus
ncbe scrve hodi monta, besik
instalasaun pad-mount, ka
modifikasaun ba besi-riin ka
monta iha cstrutura subcstasaun.

Mounted Rec oser

31. Korenti Transformador(1)

Korenti transformador uza ba korenti nebe monu tuir medida,
protesaun no kontrolu. Korenti transformador iha tipus rua:

1. Protetivu CT
2. Medida CT
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31. Korenti Transformador(2)

Bar: Korenti transformadér bar-type mak ida nebe hadi’a tiha ona, i/0la
dirctamente ho kondutor tha forma hosi bar, rod ka tube ne’e mak primariu
rotasaun temporariu de’it sirkuitu besi-asu no ne’e monta ba secondary, core,
no winding.

Bushing: Korenti transformador bushing-type mak ida nebe iha round core no
sccondary winding i/ola hosi no monta permanente iha core maibe la iha
primary winding ka i/olasaun ba primary winding. Korenti transformador hosi
tipu idane’e atu usa ho i/ola kondutér kompletu hanesan primary winding.

Wound: Korenti transformadér wound-type mak ida nebe hadi’a tiha ona
primary winding mekanikamente sirkula iha core; nia bele iha primariu
rotasaun ida ka liu. Windings primariu no sekundaria kompletamente iso0la no
monta permanente iha klaran hanesan estrutura integradu.

31. Korenti Transformadoér(3)

Double-Secondary: Korenti transformaddr double-secondary mak ida nebe
iha sekundariu coils ida-idak iha sirkuitu besi-asu ketak ho sirkuitu besi-asu
rua ne’e hotu book-an hosi primary winding . Multiple-secondary (tolu ka liu)
korenti transformaddr sira mos halo ona. Window Donut: A window- or donut-
tipu transformador korenti mak ida nebe 1a secondary winding isola hosi no
monta permanente iha klaran, maibe la iha primary winding hanesan parte
integradu ida hosi estrutura. Kompleta ka parsial i7olasaun nebe prepara ba
primary winding iha window liuhosi ida ka liu ne’ebe dulas hosi lifia kondutor
bele lahan atu prepara primary winding.

Bush'ng, W'ndow, and Wound-Type Current Transformers
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31. Korenti Transformadoér(4)

3l

!

H'gh-Vo tage Current Transformers

32. Voltajen Transformadoér (1)

Voltajen transformador uza atu hamate voltajen
tuir sasukat, protesaun no kontrolu. Voltajen
transformador iha tipus rua:

1. Tipu clektro magnetik

2. Kapasidade VT ncbe lokaliza

tha feedcr sorin hosi Breaker Sirkuitu.
il
[ ___d
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32. Voltajen Transformador(2)

&

=
%

i ' \

N ;

Vo tage Transformers

33. KOPLING KAPASITOR NO KOPLING
KAPASITOR VOLTAJEN TRANSFORMADORES(1)

Kopling kapasitor no kopling kapasitor voltajen transformadores
rua ne’e hotu mak aparellu single-phase nebe utiliza unidades
kapsitor 1da ka liu, baibain monta 1ha baze, atu kombina sinal
komunikasaun ba voltajen aas lina enerjia 1da.

KoPling kapasitor (CCs) mak uza 1ha konjusaun ho lifia traps
no lifia tuners ba power line carrier (PLC) komunikasuan
voltajen-aas liu linas enerjia. A CC ho unidade
elektromagnetik nebe bolu Coupling Capacitor Volta%e.
Transformer (CCVT). CCVT bele uza atu fornese voltajen ba
metering no protesaun aplikasaun hanesan ba transformador
voltajen 1da.

The ANSI Standard bele aplika ba lina enerLi_ia coupling
capacitors mak ANSI Std. C93.1, “Power Line Coupling
Capacitors no Coupling Capacitor Voltage Transformers
(CEVT) Requirements.” Padraun idane’e proteje item sira
hanesan definisaun, kondisaun servisu, valor, ezaminasaun, no
rekerementu manufatura.
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33. KOPLING KAPASITOR NO KOPLING
KAPASITOR VOLTAJEN TRANSFOR ADORES(2)

Kopling kapasitor voltajen transformadores, baibain
hanaran aparellu nebe uza ba coupling ba lifia
enerjia atu prepara voltajen (s) kiitk ba operasaun
hosi relay sira no instrumentus metering. Asesorius
ka provizaun power line carrier ba instalasaun
oinmai hosi asesorius carrier bele inklui tha baze.

Jn

Coup 'ng Capac'tor Vo tage Transformers W'th and W'thout Wave Trap

34. Protesaun Lightning

Protesaun lightning uza atu proteje diretamente ckipamentu
subestasaun hosi ll(%htnmg strokes. Lightning Masts lokaliza iha
outdoor yard. Fiu Overhead Shielding sira uza atu taka outdoor
yard nebe tama.
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35. Isolated Phase Bus System

[solated Phase Bus System prepara koneksaun
entre Jerador no Transformador inan. Nia lori
korenti aas tebes.

36. Neutral Grounding Equipment

Neutral Grounding Equipment mak rezistor sira no reator sira.
Sira uza atu limita sirkuitu korenti badak durante fallansu
ground. Sira liga entre pontu neutral no ground.

36
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37. Line Trap -

Line Trap 1ha coil indikativu baibain liga 1tha outdoor yard lina
tmnamm.Lﬁan$mbmbmnnmnm1haCmmmKanMge
Transformer (CVT) leten ka 1ha estrutura ketak.

38. Isolator sira(1)

Uza ba izolasaun prinsipal. Tipus diferente hosi
isolator sira mak Porcelain, Glass, Epoxy.
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38. Isolator sira(2)

Post-typc aparellu isolator sira
mak tipu barakliu talvez uza
ohin loron ba konstrusaun
subestasaun foun. Perfil
uniforma no diamctru kiikliu
promove isolator nebe 1ha.
Tipus postu isolator jeralmente
uza nebe halo hosi porcelain no
polymer

Stat'on Post Insu ator

38. Isolator sira(2)

Suspcnsaun isolator sira uza hanesan izolasaun no
opoiu ba strain buses itha subestasaun sira. Suspensaun
isolator sira disponivel iha formas balun tuir
rekerementus.

Suspens’on Insu ator

"
ant

C %
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39. Fiu Enerjia

Fiu Enerjia uza atu lori enerjia. Sira mak single
core no three core. Tipus hosi power cables mak
1zolamentu PVC, izolamentu XLPE.

40. Fiu Kontrolu

Fiu Kontrolu uza ba protesaun, kontrolu no
sasukat nst.. Sira iha voltajen kiik no 1zolamentu
PVC. Fiu Kontrolu mak Multi core no Shielded.
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41. Sistema Estasaun Earthing(1)

Sistema Estasaun Earthing inklui elétrodus Earth Mat no Earth
hatu’ur 1ha rai1 okos. Elétrodu Earth Mat no Earth hirak-ne’e liga
ba estruturas ckipamentu pontus neutral ho objetivu ekipamentu
earthing nian no pontu neutral earthing.

Funsaun sistema earthing atu prepara rezisténsia earthing kiik ba

1. Dezkarga korenti hosi surge arresters, overhead shielding,
carthing switches

2. Ba ckipamentu body earthing

3. Atu seguru touch potential no step potential iha
subestasaun.

41. Sistema Estasaun Earthing(2)
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42. Painél Metering, Kontrolu no Relay sira

Instrumentus 1ha kuantidade o1oin, kontrolu instrumentus, relay
protetivu sira. Sira lokaliza 1ha fatin malirin. Fiu Kontrolu sira
tau entre ekipamentu Switchyard no painél hirak-ne’e.

. Ik ?rgig !l l!

AoE

wZa

"

' - TP

43. Eskemas Switching ka Aranjamentus
Busbar itha Subestasaun

Burbars mak elementus importante tha subestasaun.
Busbars servisu hanesan pontu nodal iha subestasaun
ne’ebé liga sirkuitus o1oin tama no sai.

Subestasaun sira aprezenta iha sistema enerjia hala’o
operasaun oioin depende ba aplikasaun hanesan
voltajen stepping up, voltajen stepping down,
tranzmisaun voltajen aas no estasaun switching sira
atu hadalan enerjia tuir karga sentral..

Classroom Lesson (Power) —129— Tetum

2013/10/9



44. Busbars itha Subestasaun

Busbars uza iha subestasaun sira
jeralmente rectangular ka sirkular
scksaun cross bar sira. Busbars hirak-
ne’e bele mos solidu ka estruturas
mamuk. Sirkular cross mamuk hosi
scksaun busbar sira nebe emprega iha
subestasaun EHV sira atu rediis corona
cfeitu.

45. Eskemas Switching

Eskemas Switching implika metodus diferente nebe emprega
atu liga sirkuitus elétriku 1ha sistema enerjia atu transfere
enerjia elétriku tha modelu reliavel. Switching schemes ajuda
lor1 enerjia elétriku ba sistema enerjia karik parte ruma hosi
sistema nebe falla ka tha manutensaun.

Subestasaun sira uza tipus diferente hosi aranjamentus busbar
tha switching schemes depende ba aplikasaun, reliabilidade
hosi fornesementu no kustu instalasaun nian. lha subestasaun
busbars sira ida-idak hala’o regulamentu jeral atu liga
sirkuitus diferente. Maibe switching disponivel iha sistema
enerjia ho ajuda hosi breaker sirkuitu sira no isolator sira
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46. Aranjamentus busbar diferente

Eskema switching nian balun mak aranjamentus busbar nebe
emprega 1ha subestasaun nebe alista tha okos:

A)
B)
0
D)
E)

Aranjamentu Single Bus-bar
Eskema Double Main Bus-bar
Eskema Main and Transfer bus-bar
Eskema One and half breaker

Eskema aranjamentu Ring Main

4'7. Eskema Single Bus-bar(1)

Eskema busbar idane’e disponivel simples liu ne’ebe 1ha single
set hosi busbars liga ba jerador, transformadores no karga
feeders. Feeders hotu liga hosi breaker sirkuitu no set 1solators
nian. Aranjamentu idane’e ajuda atu muda koneksaun elementus
(jeradores, transformadores, etc.) ba manutensaun hodi loke
kontak breaker sirkuitu no mos loke isolators.

De/svantajen sira:

- Aranjamentu busbar idane’e utiliza
kustu instalasaun menus

- Manutensaun menus

Dezvantajen sira:

- Falla iha busbar feeders hotu liga ba
busbars tenke dezliga.

- Bainhira busbar iha manutensaun
fornesementu hotu no feeders hotu tenke

- Operasaun simples desliga

- Falta fleksibilidade no reliabilidade
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48. Eskema Single Bus-bar(2)

49. Eskema Double Main Busbar(1)

Normalmente 1ha eskema double main busbar i1da-idak liga ba
buses rua ne’e hotu. lha kazu balun sirkuitu sorin balu bele
liga no opera 1ha bus ida-idak. Iha kazu hirak-ne’e bus no
breaker sirkuitu nebe falla sei lakon hodi hafahe sirkuitu.
Double main busbar no eskema double breaker scheme
prepara aas reliabilidade 1ha kazu hosi sala ka ahi-mate hosi
breaker 1da.

Vantajen sira: De/svantajen sira:
- Sirkuitu ruma bele lori sai hosi - Karun liu
sirkuitu hodi halo manutensaun - Sirkuitu lakon nebe liga ba busbar

- Fleksibilidade iha koncksaun feeder  bainhira mosu sala tha busbar.
sirkuitu ba més busbar nian.
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50. Eskema Double Main Busbar(2)

51. Eskema Sentral no Transfer Busbar(1)

Eskema Sentral no Transfer busbar hanesan ho aranjamentu
single busbar ho adisional transfere bus nebe liga. Kesi breaker
sirkuitu nebe prepara atu kesi bus sentral no tranfere. Sirkuitus
hotu nebe liga ba bus sentral durante operasaun normal.
Bainhira breaker sirkuitu liga ba sirkuitu (lifa transmisaun) nebe
presiza ba trip hodi halo manutensaun, kesi breaker sirkuitu
nebe liga ba sentral no transfere bus nebe taka. Protesaun relay
ba ksir_kuitus liga ba transfere bus nebe kuidadu ho kesi breaker
sirkuitu.

Vantajen sira: De/svantajen sira:

- Kustu inisial kiik - Presiza breaker csktra ida hodi kesi
- Breaker ida bele lori sirkuitu hodi bus

halo manutensaun - Switching buat ne’ebe komplikadu

bainhira breaker tha manutensaun
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52. Eskema Sentral no Transfer Busbar (2)

Man Bu

Bus
Tie

([

Transfer Bus

53. Eskema breaker Busbar Ida no balu(1)

Iha eskema breaker ida no balu, sirkuitus rua nebe liga entre
three circuit breakers. Tanba breaker 1da ka balu nebe inventa ba
tipu aranjamentu 1dane’e nian. Breakers hotu taka 1tha kondisaun
normal operasaun no busbars rua ne’e hotu energized. Sirkuitu
1da falla breakers sirkuitu se1 monu no sirkuitu seluk se1 afeita
tha aranjamentu idane’e. bainhira busbar 1da falla hamosu de’1t
breaker ajudante ba busbar nebe monu no laiha sirkuitu ida
lakon enerjia. Busbars rua bele mos lori sai host servisu ho
afeita sai enerjia nebe suli enkuantu rekursu enerjia sirkuitu
Elsukultu altemadorﬁ no sirkuitu simu (lina transmisaun)

isponivel iha bay hanesan.
Vantajen sira: De/svantajen sira:
- Operasaun barakliu disponivel - Kusta aas
flesivel - Relaying buat ne’ebe komplikadu
- Reabilidade aas bainhira sentru breaker tenke
- Bus falla sei la muda sirkuitu ruma responsablisa ba sirkuitus rua ne’e
hosi servisu hotu iha diresaun balun no tenke

opera
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54. Eskema breaker Busbar Ida no balu(2)

Eource 1 Load 1
N e 1
—
L
L ad2 A

Bus A Bu B

55. Eskema Ring busbar(1)

lha ring idane’e aranjamentu eskema busbar sentral breakers
nebe liga 1ha ring no sirkuitus nebe liga entre breakers. Sei tha
numeru _hanesanghosi sirkuitus hanesan numeru breakers nian
tha aranjementu. Breakers hotu taka durante operasaun normal.
Durante sirkuitu monu breakers rua liga ba sirkuitu trips.
Durante manutensaun breaker tanba ring rahun maibe [l)iﬁas hotu
tha servisu nafatin.

Vantajen sira: De/svantajen sira:

- Kustu kiik - Falla mosu durante manutensaun sei
- Operasaun flesivel ba manutensaun  harahun ring

breaker - Relaying mak kompleksu

- Breaker ida bele lori sai servisu - Breaker falla durante sei hamonu
nian sein interrompe karga sirkuitu adisional ida

- Enerjia bele hatama ba diresaun rua

ne’e hotu
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56. Eskema Ring busbar(2)

48
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AsisténsiaTékniku Japonés
kona-ba Hametin Kapasidade Institusional
Ajénsia Dezenvolvimentu Nasional (ADN) nian
iha Demokratiku de Timor-Leste

-- ENERJIA --

JICA Ekipa As sténsia Tékniku

SN B W N

[o.]

Silabus

Konteiddu
Introdusaun
Fstasaun Fnejia (Diesel)
Subestasaun
Sistema Tranzmisaun and Distribuisaun
Estudu Sistema Enerjia
Analiza Korenti Enerjia (Power Flow Analysis)

Renovasaun Enerjia (Fnerjia Photovoltaic)
Sistema Protesaun

Sistema Operasaun no Kontrolu Fnerjia
Selukseluk

Kontetidu bele muda depende ba kondisaun.
Ha’u hakarak diskute kona-ba kontetidu ho Sr. Miguel no ITA.

JICA Ek pa As sténsia Tékniku
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VI. SISTEMA TRANZMISAUN NO
DISTRIBUISAUN

VI. SISTEMA TRANZMISAUN NO
DISTRIBUISAUN

INTRODUSAUN
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Ekipamentu Tranzmisaun Enerjia

» Step-up no Step-down » Shunt no series reactors
Tranzformadores no capacitors
Enerjia. » Lightning arresters

» Voltajen regulator > Protective relays

> Phase shifter > Fact devices (SVC,

» Lina Tranzmisaun no fiu Statcom, TCSC, nst.)

Sira » Konverter no Inverter

> Breaker sirkuitu no
1solator sira

Ekipamentu Tranzmisaun Enerjia

» Distribuisaun tranzformadores

» Feeders (overhead ka underground cables)
» Switches, fuses, nst.

» Protective relays

» Lightning arrestors

»>CTPT
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Sistema Underground vs Overhead

Fiu underground teknikamente diakliu duke lifia overhead
La nakloke ba kondisaun enviromentu

Induktansi (Inductance) hatan iha fiu entaun voltajen drop menus

Maibe fiu karunliu duké lifia overhcad ba voltajen no
kapasidadc despasu hancsan

Kustu konduktor nian aas
Kustu isolator nian aas

Kustu produsaun hatin ba fiu maibe kustu manutensaun aas.

Sistema Underground vs Overhead

Kapasitansia prinsipal iha fiu.
Ne’e {6 servisu boot ba korenti ne’¢be limite duransaun fiu nian.
Tan ne’¢ distansia naruk lifia tranzmisaun overhead prefere liu.
Fiu sira prefere liu iha kondisaun tuirmai:
Seguransa publiku komprometidu no interferensia presiza tun
Okupadu sidade boot sira
Sidade nia furak importante

Liuhosi tasi okos, no koneksaun subestasaun no tranzformador

Classroom Lesson (Power) —140— Tetum

2013/10/9



Opsaun hosi Servisu Voltajen

Kustu hosi konduktor karun 1ha tranzmisaun overhead no
idane’e afeta tebes hosi opsaun nivel voltajen nian.

V, V,| mV,

I, L I, m
R, R,| m’R,
a, a, a, m’

Sei 1ha kustu ba material konduktor enkuantu cnerjia ncbe lor
itha voltajen aasliu.

Opsaun hosi Servisu Voltajen

Maibe sistema voltajen aasliu sei presiza kustu barak
hosi isolator iha ekipamentu hanesan transformadores
circuit-breakers, no switches.

Kustu isolator nian aumenta maka’as ho voltajen
aumenta.

Tan ne’e ba lifia tranzmisaun nebe naruk tebes, nivel
voltajen iha sorin ba ne’ebe nia sai antickonomiku.

Tan ne’e, pergunta oinsa atu hili voltajen tranzmisaun
no distribuisaun?
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Opsaun hosi Servisu Voltajen

» Karik C mak total kustu anual hanesan funsaun hosi
konduktor cross seksaun 4 no voltajen servisu V

C fi4V)
» Ba kustu minimu

of o4 0

of oV 0

> Ne’e sel rezulta barakliu 1tha ekondémiku konduktor

cross seksaun no sistema voltajen, karik funsaun f

bele define ho-akurat.

Opsaun hosi Servisu Voltajen

» C = interese anual no depresiasaun iha kustu kapital
(kustu permanente) kustu anual hosi enerjia nebe
lakon (kustu operasional).

» Kustu operasional depende iha koduktor cross
seksaun, voltajen, fator enerjia, mudansa iha karga
tempu ba tempu, harmonics, nst.

» Portantu, funsaun f/ depende 1ha fatéres barak no
komplikadu oitoan atu deskrebe nia mathematically.

> Tan ne’e determinasaun bazeia ba baze ekonomiku
lasatisfatoriu.
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Kustu Tranzmisaun hanesan Funsaun
hosi Nivel Voltajen

Yﬂ cost

\ Fixed cost

Transmission cost -

per unit energy
transm tled

Operational cost

!
i
|
1
H
1
!

Optimum oltage level Voltage iavel

Opsaun hosi Servisu Voltajen

L kVA » Vis the line voltage in kV
V = 5-5 P + o . . . .

1.6 150 > L 1s the line distance in km

L 3P » P is the estimated maximum
V=55|—+— .

16 100 powecr in kW pcr phasc

Uza relasoens émperiku hirak ne’e preliminar avalia
nebe halo.

Hafoin nivel voltajen nebe hili hodi kompleta estudu
ekonomiku hodi eziste sistem interkonek.
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VI. TRANZMISAUN NO SISTEMA
DISTRIBUISAU

LINA PARAMETERS

Parameters Elétriku

»Rezisténsia

» Induktansia

» Kapasitansia
»Konduktansia

» Konduktansia tanba kuak iha lifia isolator sira.

Nia kiik loos no sempre deskuida.

Classroom Lesson (Power) —144— Tetum

2013/10/9



Tipus Konduktor nian

» Tembaga
» Aluminiu: baratu, kmaan, maibe falta
kondutivu no falta gaya tarik duké tembaga

» ACSR (Aluminum Conductor Steel Reinforced)
» AAC (All Aluminum Conductor )
»AAAC (All Aluminum Alloy Conductor)
»ACAR (Aluminum Conductor Alloy Reinforced)
»Expanded ACSR

Konduktor ACSR

Atluminum

Steel

» Internal steel strands aumenta gaya tarik
~ Outer aluminum strands lori korenti

~ Stranded konduktor ho with twisted wires fo kbiit no
fleksivelidade strength and flexibility of mechanical
handling.
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Rezisténsia

» Rezisténsia DC hosi konduktor iha
temperatura espesifiku mak:

A

» p, mak resistivity hosi konduktor itha temperatura 7

» [ mak durasaun hosi konduktor itha m

» A mak area cross-sectional hosi konduktor itha m?

Rezisténsia

» Dependensia temperatura hosi rezisténsia:
R=R1+aT)
> R, mak rezisténsia iha 0°C

~ o, mak tempceratura cocfficient hosi rezisténsia hosi
konduktor iha 0°C

» Nune’e, karik rezisténsia tha temperatura 7', is known,
rezisténsia itha temperatura seluk ruma 7°, bele uza

kalkula: _
sz Ve, +T,)

R, (e,+T1)
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Rezisténsia AC:
Efek Skin no Proximity

Efek Skin

Efck Proximity

Rezisténsia
Copper 100°0 1.2
Aluminum 61°% 2.83
Iron 1 .2% 10
Silver 1080 1.59

» Rezisténsia depende ba:
» Temperatura
» Dimensoens

> Frekuénsia
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Induktansia

» Lifia paramenter dominante barakliu
di dA di di
R
dt di dt dt
»Tan ne’e ;42
C i

» lha sistema linear magnetik 7, - 4

)

» Mutual induktansia mak M, = ’;”

2

Medidas 1ha Kalkulasaun Induktansia

> Area intensidade magnetik (H) uza lei Ampere
nian

» Magnetik flux density B (wuH)
» Flux linkages (1)
» Induktansia hosi flux linkage per ampere (L=A4 [)

Classroom Lesson (Power) —148— Tetum

2013/10/9



Induktansia Internu

7
tfo‘dx=!x=>Hx= X
27 X
! _ I Ny =sz2
zrt  wx ot
!
H, = x
* omr?

mmf=‘fH'ds=!

dg, - Bdxx1=5 i
i ' o7 r

Induktansia Internu

dg, =Bdx 1= 2/:2 xdx

-
7 x° ol
dA, = —dg, = 2z dx
Tr C2Tr
=r %f 3d =_‘l=£x‘10-7
At J2zr4x * 8t 2
1 7
‘E‘ml.=§x]0
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Induktansia Esternu

2wxH !
B - ta!
2T X

&, dg = Bdx1=2ol g
' 2 X
LD,

1

191
Ay i)[%dx =2%107 /ln
2

D

1

L, =2x10"In

Induktansia Esternu

2w xH, =
8, = 24!
2T X

di =dg. = Bdx1= ;"idx

X

D,
To= 2L ML c 0107 n 22
27 D

1

D,

1

L, =2x10"1
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%107

T
~ ~—E_¢ Vd
il a

1 et
., =—=X%X10
Low 5
E2Y

1

L, =2x10"1n
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Flux Linkage hosi Konduktor A tanba
Korenti itha Konduktor A

N\

JICA Ekipa Asisténsia Tékniku

bl =7 Da.
/AAPA =2x107" /In—*
/ ' r

Flux Linkage hosi Konduktor A tanba
~ Korenti iha Konduktor B

JICA Ekipa Asisténsia Tékniku

) JE D
Aps =2X107 (-1~

ap
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Total Induktansia

+ A

Ay = Aups T e

D D
=2x10 ITln— -2x10 [Iln—
r' D

4
= 2x10 Itln[lq+lnD ln(lWlnD )
o D/ )

ry

0 2|

7/
If P is at very long distance from conductor D = D

)
A, =2x10 Ikln[?ﬂ

rJ

L,=2x10 [m(Dﬂ

4/

Induktansia hosi Lina Three-Phase
(Symmetrical Spacing)
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Flux Linkage hosi Konduktor A tanba
Korenti itha Konduktor A

S

/

P = Dt'l.r.l
Apy=2x107 1 1n

'

2

JICA Ekipa Asisténsia Tékniku

Flux Linkage hosi Konduktor A tanba

D
,In e

o,

JICA Ekipa Asisténsia Tékniku
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Flux Linkage hosi Konduktor A tanba
Korenti tha Konduktor C

i B D
/"A-JPC:ZXIO ] ln?

Induktansia hosi Lina Three-Phase
(Symmetrical Spacing)

L+1,+1 =0
[+
a
0. Ape = Liom e 1, x107
7\ D hd 2 r
o’ N
/ D
y AN -2 107 2,In 222
D r
- = b
Similarly,
D
Ay =2%10771,In =22
L [_*‘21:12 107 o !
2 "

A =2x10"7 7 In Dye
a,vc— ¢ D
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Induktansia hosi Lina Three-Phase
(Symmetrical Spacing)

D
a -
Ay = Rgpa ¥ Agps ¥ Agpe
D..
70N D D D
/ \
o, o =2 107 TP i 224 [ 2
/ \ r D D
\
__b___ Expanding,
D
Rem 2107 1,10 222 22107 ak L vnk L]
5 r D D
Ay = 231077 1,10 22
e D +Lin D+ Hin Dy +lin D,

-7 ‘D,\-z
4?.”‘=2x10 !cln—é—

Induktansia hosi Lina Three-Phase
(Symmetrical Spacing)

L+0,+1 =0  I,=-1 1

a [4

1 1

A, =2x107"| I, In— -, In —
r D

+1,In Dy +1,1n Dy
D D

7a ra

If point P far away, then we can approximate

A 2 10'7_:"21;1 1'-1-_,?5 1‘*‘."1:11 D =D =D
r D

2,2 10'7[1‘1111 ! zalnl]
r D

7 ! o] 'p]
+ _-Q!n DF“ + .'31!1 Ly + !‘,In .".rﬂ
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Induktansia hosi Lina Three-Phase
(Symmetrical Spacing)

D
,"

Ae 2 1077, In

Inductance of phase-a

D

_1
r

L, =2x1071In

r

Qg = 2X10'?[!aln ! -1,In l]
D

Aa

+LIn D+ hin Dy, + i D

Induktansia hosi Lina Three-Phase
(Asymmetrical Spacing)
L+L,+1,=0  I,=-1,

A, 2107 Lin 44l _ +lk
R

(1 1 1
A,-2 1072t 44l 4+l
D

¢ ‘ 2
r

A, 1 1 1 s 1 B3

2 10 )i,n  +5n  +in _ it 1 >
(\1 r.' 3 D I'q D (73 24 2+J

2 J?-ll'f’:_l_*_
e 2 J

=~ e o

2
B
o

1 1 1
D, D

2, =2x107" falnl,+lalnL+ltln !
r D

ad Dbc

\ ca d¢
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Induktansia hosi Lina Three-Phase
(Asymmetrical Spacing)

I =d*l and I =al,

L, 2 107 1n—,+a21nDL+a1n !

a
r b D e

L, =2x107 lnl,+alnD—+ajln—

Vi

r ab DM
2 107|220t L o
‘ 0T D, D, L 2 107|ia L+ a’ln 2 +aln
r ‘Dm. Dbe
2 2 107 J'b]nl,'*'fnhlL*']‘ln !
r D, D,
3
2, =2%107 z,ml,wgmLu,lnL
r Dca. Dbc

Induktansia hosi Transpoin Lina Three-
Phase (Espasu Asimétriku)

» Espasu asimétriku kauza
flux linkages no
induktansia ba kada

v phase sai diferenti.

» Ne’e rezulta iha voltajen
lahanesan 1ha rohan.

Position 1 a ¢ b
Positon2 P
Position 3 €
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Induktansia hosi Transpoin Lina
Phase (Espasu Asimétriku)

L, tL+L
3

Therefore

L

_2 107
3

L

3
[hn(%yr

L, 2 107

a

L, =2x107

1

1
»

1

L =2x107"

1:1—,+a21n—+aln
r D

In—+a’h
r

1
2

2

ln_'+a[nL+a n —
D

o }

7]

! +aln

[=-3

1
D{ 2

1

1

b |

+In

1

+In !
Dbc Do: ]]

Three-

(a+ a’)[ln ;—w
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Komposit Konduktores

© 00

o (Od
0 O O O
Conductor x Conductor y

P D

‘rx ad ac on

;,a=2xm-v£[mg+m¢+mL+...+m;

cox107 L e v v
” Dy D, D,

a0’

Komposit Konduktores

a »n D

T ad .73 an

A2 10"1[1nl,+1nDL+1nL+---+lnL]

-2><]0-7i1n ! +1n 1 +1n ! +...+1nL
m| Dy Dy D, D,.

© OO0

A 107 71n l
O O - 210 4fiDy Doy Dy

O O O O

Condtictor x Conductor y
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<O
o) Od
O O

Conductor x

A, 2 107imn

Komposit Konduktors

A
a’ b L, =2
O O “Tw
_2 .JD DDy D
2n 107 In -
OO 2friDp Dy Dy,
Conductor y
Similarly,
L = 2)2>< 10—? ln "ﬁlDbe'D05'Dbd DO?"
YDuDpDoDoe riDuDy, Da,
2D ,D_- D,
\J'!f" ab L{=2n><10_7 ‘JDchbD
2r'D,.D,, D

O
o) O
O On

Conductor x

Komposit Konduktores

a’ b
O O =La+La+Lc+"‘+L
OO »

Conductor y

n strands ne¢’e eletrikamente paraleru:

Lﬂv_x _La+Lb+Lc+...+L”

L. =

x 2
2 1]
DD, D D,
"‘!j'r;Da)Daz: Dar
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<O
o Od
a0 On

Conductor x

=22%x107 In

Komposit Konduktores

a b 7 =LM_X=LQ+L0+LC+...+L”
O O ™ %
’"O OC, Substituting the values of L, , L elc.
L 2 107, 3D
Conductor y G MR,{
Where,
GMD = M{I(DN'DM'DM‘ Dm) """ (Dxc‘D»)'Dxc’ "'Dxm')
DD D
= GA{RX =" (rxlD Dc; Da}.- """" rxDme Drx-
. D . YDy )l > 1)

O
o) O
a0 On

Conductor x

GMD = =f(DyD,y D,

Komposit Konduktores

2x107 GMD

.
O O L= R
mO Oc'

Conductor y

%

Iha ne’ebe

GM& = ‘:,{(r;DabDa.c Dar) """ ("I‘D. D D?m-l)

Classroom Lesson (Power) —162— Tetum

2013/10/9

26



Bundled Konduktores

C—©

» Estra voltajen aas lifias corona kauza problemas
hanesan enerjia lakon, interferensia, nst.

» Voltajen aas hamosu gradiente nebe redus
konsideramente liuhosi koduktores rua ka liu.

> Ne’e mos redus induktansia hosi linas liuhosi
redus drop voltajen.

Bundled Kondktores

@_@ L=2%x10"In _GDﬂD_ where n=23 ...

ER ("]

D, =4(D,xd} =D, d

DJ.3& =2](DJ XdXd); =§JD5 d2

D,y» =D, xd xd x2a) =1.094/D, o

Iha ne’ebe, D, mak GMR hosi konduktor
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Preview Lina Parametrus

> Rezisténsia

» Induktansia
» Induktansia hosi single konduktor

» Induktansia hosi lifia three-phase (espasu simétriku
asimétriku transpozisaun)

» Komposit no bundled konduktor

Kapasitansia hosi Konduktor Rasik

» Kapasitansia iha lifia tranzmisaun mosu tanba
diferensa potensialidade entre konduktores.

» Konduktores hetan servisu iha dalan hanesan ho
paraleru plates hosi kapasitor ida.

» Kapasitansia entre paraleru konduktores rua
depende ba medida no espasu entre konduktores.

» Baibain kapasitansia deskuida ba lifia tranzmisaun
nebe naruk menus hosi 80 km (50 miles).

» Maibe kapasitansia sai importante ba lifias
narukliu ho voltajen aasliu.
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Kapasitansia hosi Konduktor Rasik

2013/10/9

Kapasitansia hosi Konduktor Rasik

— q
- - E=
d \\ 2T X&
/ TN
! Y
R CSHy I
N Vo - [
\ ~ - /
N P
\_// D?
= d dx
27T X &
5ot 8 oD
Ti5 2 e D)
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Kapasitansia hosi lina Single-Phase ida

Mai ita asume ne’¢ konduktor 1 lori
@ @ karga hosi ¢ C m bainhira konduktor
1 o 2

2 lori karga ¢, C m.

D>>r| no r, no influénsia ground mos
deskuida

D
Vialay) = 4D 2

2Tg A

g
V., =
12 o7&,

nIRY,

1 v = 4 lnri
12(¢2) e D

Kapasitansia hosi Lina Single-Phase

@ Let principle of superposition
™ =2 P2 =Va(g) + Valqa)
—— D—

='?1 £+Q2h

2rg 2T D

7

Assume that ¢, (=-¢q, ) isequal to g

- 9 D
Malgy) = ——h —
12191 e v V12=2q mg_zq "52
- 7T &
Y2(g2) ZHEUlnD _q D_2
2T g N
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Kapasitansia hosi Lina Single-Phase

Assuming r =r,~=r
12 z 2

D
V,=2 ;=
TE r
T &
Ca=—Fr—~
n(Df )
Cond 1 Cond 2
Kapasitansia define entre konduktor
7 v no neutru
Cond 1 Neutral cond 2
27 &
n? C=2C,=—2
Viy = 4w In(Djr)
T g nh

Kapasitansia hosi Lina Single-Phase

==

q q/

oD D
Vag-a J Esdx 2:{_( In l.]
£0

Fa

q s
Vap—~ ; —
AB~B .[D Epda e In ,D]
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Kapasitansia hosi Lina Single-Phase

The total voltage is the sum of the geerated voltages Vap 4 and Vip

_q_ ..][2] 4,

2me A 21TFO D

2
( D-
1 In
2mey 1At

If the conductors have the same radius, ry=ry=rn,

D
Vs ——1In H (V)

V.o =V, _+), g

TE)

TEQ

1 |D (F/m)

Cas

!

Phase ba Kapasitansia Neutru hosi Lina
Single-Phase

a’ Cac Cae q g
F M| A\l = A1«
PO O
i H
; Vag i Vag | Cag =z, Vag
: Vv, i
1 AB 1
: : Vap
Che ==
2mey Vae
Cra o (F/m)

H o
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VAB tanba karga QA

———

// ~
4 ~
rd ~
Y
\
AY
\
\
AY
AY
Y
1
A i
B
o o @
Qa D )
7
1
/
/7
/
/
/
N ’
N ’
\\ //
™ o 0 0
Ve = J = =4 In "
2ne X 27e g

VAB tanba karga QB

o ———

- <
-~ -~
rd ~
” ~
’ ~
e ~
V4 N
’ \
’ \
’ \
/ \
/ \
] \
1 \
! |
Al B ' C
___________________ ®
D 1
\ AB QB !
\ ]
A 7
\ I
A ’
A ’
Al Vd
N ’
~ 7’
~ rd
~ rd
R -
O O s —-—~
V = dx = In
4B B 5 ) 5 D
3 e X e, 4B
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rg
s
4

VAB-tanba karga QB

/ -~ ~
1 - ~
rd ~
/ s ~
4 N
1 , N
] , N
1 / \
i 4 \
[ / \
1 ! \
1 ! \
I
! C
1
! DBC Q
! c
1
| \
v A
\ \ DAC I
\ \ '
\ \ ’
A ’
\ \ ,
\ \ ,
\ N ’
\ \\ ’
\ N i
~ e

- -

Diferensa Voltajen entre Konduktor A

no B
9, D 0 4 - Oc %
vV =—=d4 n—HE vV ==5 In—£- Vig ¢ = In
B e r 458 2ne, Doy 2re Dy

Uza prinsipiu hosi superpozisaun
Ve =V VstV

Y In DAB+ O In g n O In Dy

727[50 r, 2ne, D, 2me D,

hanesan,

V

AC

_ 9, lnDAc+ Op lnDB n o In_'c
r

2re 2re D 5 2ms D,
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Espasu Simeétriku

V= 0 1n£2+~é;14n r, @ D

B = —+ In—
2ne ro 2ne, D 2ne D

1 D FW
= In—+Q,In—
ZmTKQA r s D)

&1n2+&1n2+&1ni
27e r 2ne D 2re D

1 D r
=— In—+ lngfw
27e (QA r Q D

‘)

V

AC

Voltajen Phase

Vg =v3V 30 and Vie = = Ve, = V3 Vi =30

Therefore, Vyp can be expressed in terms of Vay and Vi as

. Vi + Vi
AN —
3
substituting Vi and Ve
Vig = n |2 4gein | S+ g 2] +gein |
e | L R I C e R
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Kapasitansia hosi Lina Simétriku

Three- hase
oanf

-+ ((]}3, + qc) In |B} (V)

Under balanced conditions gy + g+ gc — 0, or —ga— (gr+ g¢ )

I D r
2 ) R — /
Gmen {_q,\ In [’] Ja In {D]] (V)

1 D
o / \
2Tey q\ln{ 1 ( )

D r
- + ggln ) + qaln

1
Vin = Al
AN p— H(I.\ n

1

— 2¢a In
o0meEy { A

VN ;

Kapasitansia hosi Lina Simétriku
Three-Phase

ga In [’21 (V)

1
Vin —
W 2mey

The capacitance per unit length between phase A and neutral

qa 2meg

Vax In [B]

(F/m)
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Lina Tranzmisaun Asimeétriku Three-
Phase

Vag on the hrst, sccond, and third section of the
transposed line

1 Dagp r D /
VAR fist — S ga In ] ] {]nln[DAJ qe IH[DA(,H (V)

Dy Dy
galn _] +gpln [; + g n[ AC } (n
r

VAB second

?_TTI;‘() DB l-)*\B
V. : In Pac + ln + g ln (V)
ird — ( — ¢ -
AB third 278, 1A ; 1B I Dnc

Lina Tranzmisaun Asimeétriku Three-
Phase

Similarly, the expressions for V¢ on the first, second, and
third section of the transposed line

1 D¢ -
Vac e = 52— |av1n [ 22| 4 ggtn| 2| + gcln =
2mey r Dic
v 1 | D | D¢ | r
AC second = Tmey qrIn + grin )BC + qcIn D.»\B
1 Dge Dip
VAC third = R; [(1\ ln[ ] + g ln [L ] + qcln [DBC”
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Lina Tranzmisaun Asimeétriku Three-
Phase

V\B first + V,\B second T v,\B third
%

D\ D.\CDBCJ
r)

V\B trarsp

DicDieDac

— qa In + g ln

ey ] +qcln

’.3
D gD ¢ Dac
ViC tirst T VG second + Vo
3
D,\BD:\CDBC}
3

VAC trar sp =

-2

Dz\CD:\CDBC}
+ g In|———————| + ¢ In
e [D,\nD,\cDBc !

= 1
678 win

the phasc to-neutral voltage Vin (phase voltage) is

V\B tran + v.»\C transp
%

\/.\N transp —

DDy Dee

T
Dy DacDac

I
Jiv

Kapasitansia hosi Lina Tranzmisaun
Asimeétriku Three-Phase

V\R transp + V/\F transp
3

1 DpDacDpc
— [2 gy In [M'\B ':C B(‘] +(qp + ac)In
187mey, 7

V.\N transp

-
DypDic DBCJ ]

For a balanced system where —g\ = (gs+ qc)

v _LABLthhc}
AN transp == Ja In N
61EY | r

B 1 I [GMD
T 2me o n | T
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Kapasitansia hosi Lina Tranzmisaun
Asimeétriku Three-Phase

Finally, the capacitance and capacitive reactance
per unit length, from phase to neutral

. N (1_\ _ 2’1T8()
C.\N transy V_\Nt_“ = | [CJNID:| F m
n

Te

1 1 GMD
X o = — = — In OQm
AN transp 277]‘(:_»\}\} ransp 4’”]“8( [ re :| I

Efek hosi Rai sobre Kapasitansia

T

Earth s Surface
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Efek hosi Rai sobre Kapasitansia

2H
Earth's Surface

Efek hosi Rai sobre Kapasitansia

BO s T
Overhead Conductors |
T F A O qa 5 o G+ Dg
Dal f Dc
Dan: =i2DA E : Earths Suﬁac;bBB _ 2Dy
' Dggr = 20¢
- AL iGa ' g x

Image Conductors

40

Classroom Lesson (Power) —176— Tetum



Lina Three-Phase

BOQB Ky

Overhead Conductors
i A qa C /N D
Da } Dc
. ‘.
Daa 204 E Earth’'s Surface Dag = 20g
Dee = 2D
N AT —qa ) c ' v
Image Conductors
B —gs v
Dag B Dpe:
qvIn[——| + ggln ——| + qc In -
, 1 Iz Dar Dac ;
Vap = (\ )

N 2’11'80 D.»\B
—qy In B In

bt

Dgg —acln Dy
D B

Lina Simétriku Three Phase

DBC] )

Dig B
In — In — 1
o 7KJ-+an Dqu+q H[D\,

~q In D — gr In Dep —qcln Do
Dy D © Dy

D=Dy—Dy —D.s

\ 1 D Dy ! D

Vig — - - 2] IR TR

AB 21T80 [{I'\ (ln [I' In D,/\)\’ >+(IB (]n D " b ! |
Similarly,

1 o] [pe Dy i Dec
T [‘1,\ (ln H Dy ) vl Il 7 il o
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Kapasitansia hosi Lina Simétriku Three
Phase

The phase voltage Vi

Vg = Vap + Va

~

J
1 D YDy Do Dew

— ga | In |, . \
2 TED ! V4 DAA' l)BB’ L)CC,

Thereclore, the phase capacitance Cypy, per unit length, is

( RET o>
Can — A — ;_.0_____ F m)
! n] In V/ Dap Dyc DCA’]

Daa Dy Dec

r D ,
} +q,<ln [B] - In [BF]” v)

Dey Dep
—In|—= | —¢gln —
Dy D

VI. SISTEMA DISTRIBUISAUN NO
TRANZMISAUN

LALA’OK HOSI LINA
TRANZMISAUN
(LINA PARAMETRUS-PARTE 2)
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Distributed no Lumped Parameterus

V.

s

Lifa tranzmisaun ho Seksaun kiik Ax
uniformamente distribui
lifia parametrus (R, L. C
G)
» == Series impedance unit
7 Ax length phase
I(x+ Ax) I(x) A~ Shunt admittance unit
Tength phase
Voor A%) Ax Ve » [ =Naruk hosi lifia tran/misaun
x x . .
Y ~ 7 Total series impedance
phase
~ Y Total shunt impedance
phase

Modelus Lina Tranzmisaun

» Lina badak: Durasaun menus hosi 80 km.
» Deskuida shunt admittance
» Modelu parametru lumped

» Lina médiu: Durasaun entre 80 km to’0 250 km.
» Shunt admittance presiza konsidera

» Modelu parametru lumped

» Modelu nominal =
» Modelu nominal T

» Lifa naruk: Durasaun naruk hosi 250 km.
» Distributed modclu parametru
~ Importante cfck shunt admittance
> Ekivalente 7 ka ekivalente 7 bele hatun
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Lina Tranzmisaun hosi Parametrus

ABCD
Asy ey
Transmission , A c-5
Vs Line Ve AP
Vs s

{(fg =AV2+BZR 8 1.‘~'V 0 D 1-‘“{,-0

Iy =CV,+Di,
Matrix Format

{VS}{A BHVR} AD-BC =1
I C DI, A=D

Lina Tranzmisaun Badak

7-R jX

— W ——=

V, =V, +ZI, {Vﬂ {1 Z} {Vﬂ
Matrix Forma =
lo=1, t 1 I 0 1]/,

A=1, B=7,C=0,D
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Lina Tranzmisaun Badak hosi
Regulasaun

Vol = (Velcos g 1[RY +(vy|sin g +[1 x ) X

Vi = Vi cos’ g+ 1°R> +2V,I|Rsin g+ ¥ sin® g+ I X + 211X sin ¢

Vs Z\/VR7 +2VRIRSiH¢+2VRlein¢+[2(R2 +X2)

2/Rsin 21X sin P\R+X°
Vs =Vy \/1 + ? + / + ( ) Small quantity

14 v v

R R R

Lina Tranzmisaun Badak hosi
Regulasaun

2IRsin ¢ 21Xsin¢j P
Ve =V, |1+ + — &~ (D)@
} R\/ [ Ve Vi e 72(172;7)(;7!)34"

7

IRsin¢+1Xsin¢] I PP

VSVR[H ; ;
R R

Ve =Vi +IRsin g+ [X sin ¢

Regulation = M
R
cataion 15015
Vi Vi
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Lina Tranzmisaun Médiu

» Lifias tranzmisaun médiu modeladu ho lumped series
impedance no shunt admittance.

» Reprezentasaun Nominal

» Reprezentasaun Nominal 7'

Reprezentasaun Nominal 1t

I 7—-R jX

Lo |y pa (O] L
VSI MTI}Z A %TIV [IR

I, L+, L +L+],

3
Y I ¢
V, ZL+V Z[p}ez"'f.re]"'yg =EE}':+5VR+]2
YZ
=+ 2l
[2 ]R & z,=%[[%+1]rfg+zzg]+grfg+zg
=Y(%+1]VR+[%+1].€12

46
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Reprezentasaun Nominal 1t

3

e ()

Tan ne’c parametrus 4, B, C, D

v =[—+1]V +ZI,

A=D=[£+1]
2

B=28

C Y[Y;Z +1]mh

Reprezentasaun Nominal 7'

72 /

- L AL ’\M—‘m——*'

hY |
Pal

|

Z
Vi =V g and 1, =YV,

N

v, = [% +1]Vp + z[_ + 1]12

VA VA VA Yz
Ve=Vot T, + =Y Vo + =1 LI Wx*[—”]fz
R 2 R 2( LR 7 R’) RJ 2
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Reprezentasaun Nominal 7'

_[_H]Vﬂz[_ﬁ]zg

!S =W2+[7+1]12

Tan ne’c parametrus 4, B, C, D

4-D- [_+1]
8- z[_+1]

C =Y mho

Modelu Lina Naruk

s Al :
Iy real oA d.
i !
JJ I AJ[ § v §IV
i i
| ; :
ey \
i / .
A dv
AV =M= —=£& — =k
Ax dx

A+ AV Yy b =V bx+ Ay Ax :% =l

di
dx
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Modelu Lina Naruk

av dl
av - 4
e y/A And o y

Again differentiating with respect to x

dfd¥ =zd!
ax | dx dx
@ Solution of the
differential E n.
a*v = -
o -yzt =0 4 Aiex‘b_ + A

Modelu Lina Naruk
V- J]iex"b_‘" + Aze_”“‘—

Differentiating with respect to x

e

- are T - 4z
X

We know that
g =k {= 1(e7)- A e - 4 e
dx z| dx zfy z{y
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Modelu Lina Naruk

V= A,ex"b_z + Age_”' .

__[ ] A A pE

z y zfy

¥ =+Jyz which 1s called the prepagation constant

Zo= JE €2 which 15 called the charucteristic impedance
Y

Modelu Lina Naruk

= AoF + Ao = Lot - 22 pmF
vV Jqlé .sze ZC A
At x=10.
V="Vyand I=1,

Vo A+A4A ;R=ﬁ£-iﬁ

Solving for 4 and 4,

p}'+53c13 and A4, = V= Zola

4 2
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Modelu Lina Naruk

Ita interese iha kondisoens terminal: x = /itaiha V="V no /=

I

v, = Vet Zcly ot Ve 'Zc[.-'ee-pl

2 2
I = VefZot Z.-".‘eri _VafZe— 1y o F

Modelu Lina Naruk

-

Ve =cosh(# W, + Z.sinh(4)I,

I = ;sinh(M)VR +cosh(ﬂ)]R

“C

=cosh ¢
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Modelu Lina Naruk

Ve =cosh(# W, + Z,sinh()1,

I = ;sinh(ﬂ)VR +cosh(y)I,

“C

Linia tranzmisaun naruk hosi parametrus ABCD

A=D=cosh#
B =Z smnh ¢
C=smh;<t’

ZC

Metodu atu Evalua Funsoens
Hyperbolic hosi Numeru Kompleksu

vi=al+jpl

cosh(ed + jpI) = cosh(ed) cos( 1) + jsinh(ed ) sin( f)
sinh(ed + jpI) = sinh(ad) cos( f) + j cosh(ad ) sin( 5

172
/V/ /‘//

cosh(y/)=1+ + R I+EW
2! 2! 2

. 72 r 7T YZ
sinh{y/)= 1+ + +.o.xNJYZ 1+ —
h)=rls S5 ety ( 6]

2 o A

cosh(ad + jay =€ *; ¢ —;(e”é/)’/+e "L f)
3
o n e
sinh(cd + jA) = 2e ¢ ;(e"éﬂ/—e “ /£~ pl)
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Reprezentasaun Equivalenti it hosi Lina
Tranzmisaun Naruk

A D [YIZ'H]
2
y |:> B=2'Q

C=Y'[Y4Z +1] mho

A=D=coshy
Comparing the ABCD
A= ZC sinh }’f parameters compute Z’
and Y72
o= sinh 3¢
¢

Reprezentasaun Equivalenti it hosi Lina
Tranzmisaun Naruk

A=D=cohy A=D=[Y'2'Z'+1
B =Z,sinh 9 Compare 3-70
¢= smghf c=f'[Y'42' +1] mho
Z'=Zgsinh f = ‘Fsinh A= S # g sinh ST
y N S
cosh¢#f = Y;Zl +1= }; Zeosmh # +1 Rearranging for

¥ lecoshd 1 1 ~ _yltanh (/2) ¥ tanh (/2
E'ZW'ZCW’2)‘J§W’Z)'%W S
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Reprezentasaun Ekivalente it hosi Lina

Tranzmisaun Naruk

! smh 3
- — ™ S— z 22T
N H#
1
Y'Y tanh (§#/2)
; ; 2 2 (71'/2)
Length Lumped Parameters Distributed Parameters
(km) 7(Q) Y (mho) 7(Q) Y (mho)
100 5241 9° |31 X10% 90°| 3522 9° 131 X10* 89.98°
250 | 131.032 90| 93X 104<90°| 128.81 9.2°| 80X 10+ 89.9°
500 | 262.064  9° | 158X 10°<90°| 24461 9.8°| 1.64 X 10° 89.6°

Forimpedance (z) 0.1 ;0.51 O/km and admittance (y)

j 3.1 x10° mho km

Ferranti Effect

~ lha lifias tranzmisaun naruk no fiu sira, voltajen receiving end sai
bootliu duké sending end durante kondisoens no-load ka light load.
Efek idane’e kotiesidu hanesan Ferranti effect .

» Ne¢’e mosu tanba korenti karega aas.

Ve =cosh(# )V, + Zsinh(#)I,
I, =0 = V, =cosh(# )V,

Therefore V, =

VS
cosh(y)

~ Tan ne’e Vj sei bootliu nafatin duké zero (durante laiha karga).

» Valor atual depende ba L, Cno /.
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Lossless Lina Tranzmisaun
V. = cosh(yx)VR + Zsinh(jx)/

Iha lifia loss less, rezisténsia asume sai zero
R+ joL
QZC = 44412525747 cosh(ed + j Sl = cosh(ed)cos(fl)
J + jsinh(ed) sin( Al
B B j(z)L B L sinh(ed + j A1) = sinh(ed) cos( )
R=0 = Z, \/j(TC - \E + jcosh(ad)sin(Al)

yx=ox+jpx = yx=jpx

V, = cos(Be Wy + jZc sin(fx)1

Surge Impedance Loading

» Characteristic impedance hosi lifa ida mos bolu hanesan
surge impedance ba kazu espesial hosi lina loss less.

V2
z -k SiL=pP =2
c C i ZC‘

» Termu surge impedance loading ka STL beibeik uza atu
indika kapasidade nominal hosi lina.

~ Termu S7L ka natural power mak sasukat hosi enerjia ida
nebe lori hosi lifia tranzmisaun ida bainhira termina hosi
surge impedance.

» Ne’e konveniente atu espresa enerjia nebe tranzmite iha
termus per unit nian hosi SIL.
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/

Surge Impedance Loading

V.= cos(,Bx)VR +JZ sin(ﬂx)IR
1, = j(Z,)sin(px)V, +cos(fx)I,

» Karik lifia nebe tranzmite ho surge impedance Z, :

V. =Vy(cos(Bx)+ jsin(px))= Ve *

A

A

y
Ve=Zely = Ze=-F

R

= I, (cos(px) + jsin(fx))=1,e

A

Komparasaun hosi Diferenti Karga

No Load v Vs
RO cos(p1)

SIL

i Ve su =Vs
I«u[] LOa d
S/io,y X Vi r
(/}'C
[/,'{(
Ve sc
X1 X0
Sending End Receiving End
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Surge Impedance Loading
Voltage Level (kV) SIL (MW) Thel(flr\n/[ ngI;imit

132 50 04

220 132 237

400 515 948

765 2200 4261

Enerjia Transfere Liuhosi Lina

Tranzmisaun
V|26 V|20
n |
GQ | ABCD l_\LLoad
Ss :Ps +./.Qs SR = PR +jQR
V. AV,
Ve = AV, +BI, = ]RZES_TR
Let A=|4/c and B=B./j
Vsl s A
Iy =00 206 - ) Lla - p)
© B B|
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Korenti Enerjia Liuhosi Lina
T ranzmisaun

1=l sp ) 1 (g )

» Enerjia Kompleksu Vol iha receiving end:

VIl AW
VR[R:P +jQR:‘ SBRZ(/J)(S) BR Z(/H*C()

P, =S eos(p - 8)- “‘

B
L%Bkksm(ﬂ——d) Rsm(ﬂ a)

Real Part: cos(ﬂ ‘Z)

QR =

Korenti Enerjia Liuhosi Lina

Tranzmisaun
)R _ ‘VSHVR‘COS([}*(s)* ‘AHV ‘ COS(,B C()
B \\
v
QR:\ SB g in(fp-5)- ‘ L sin(f - a)

» Enerjia masimu sei hetan transfere, karik f=o
Vsl Al

P, = oS ([j’ ~a)
I
QR ax ‘ H R‘ sin (/j) (Z)
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Siklu Diagrama Receiving End

- -

p—u s AN
\\
\\

§

B Vil Vel \
~ B )
\
)
p—o !
I
B9 |
!
!

Enerjia Masimu iha Aprosimasaun Lina
Badak
Vsllval JAlyaf
P, .= - cos (/)’ - (z)
’ B |8
Ba Lina badak 4=1, B=7, C=0, D=1
Assuming X/R ratio 1s high enough to neglect resistance

A=D=1£0, B=|Z

LO,Czo,amO:R‘A

2

S A A S A AR A
7 7z
AVl
= - R sin (g
QR ax ‘B‘ Sln()
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With large X/R Ratio

cos (/f —a)

Bleos (o)

0 :‘V 14 sin (- 8)- ‘AH]EJ sin (f — «)

Generally, R<< X then 7 =jX
A=D=1,0, B=|X|£90, C=0,

VelVal gy 5

X Oe =y

4 N A
ESE Rl cos (6) - Vil s ‘QV’\f\V )=

\R\

\AV\

Sending End Power

AV,
B

I,=CV,+DI,  but I, ';f

D DA
[5 :CVR+EVS_7VR

D, Vi (AD-BC)

:—V —
B ° B
DV, v,
[ == 'Rk
B B

Enerjia kompleksu V" iha receiving end:

ImtA:D:MZQamiB:wMﬂ
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Sending End Power

Vsls = Py + jOs = ‘ . ‘ Ap-a)- ‘ gB R‘ ARy
A
Real Part: Py = ‘ ;: cos(ﬂ o) ‘ ‘COS@’*'ﬂ)
[ VsVl
0. = mn( fa) mn@>+ﬁ)
] B

Steady State Stability Limit

LR S Poe P}
p__ PN
- R TP.
a P |1 | | 2
@ ' | | | |
E3 | ! ] ]
o I Loy
T
. [l
o Ly | | S
5 & 8; 90° & &' 5% 180°
ANGLE &
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Kapasidade Enerjia Transfere

Thermal Limit «  Thermal Limit
Voltage drop limit
2 Stability limit
SN
Q.
Stability Limit
Actual Design
Actual Design
Line Length i
Al A vl . . sin &
PR:‘ SH R‘smﬁz ‘_R sino =SIL———
‘B‘ ‘Z sm([il} sm(/)’l)

Objetivus Prinsipal

» Opsaun hosi voltajen, opsaun hosi konduktor, espasu entre

konduktores
» Kalkulasaun lina konstants regulasaun no efikasia
» Kalkulasaun hosi Corona Loss
» Numeru Opsaun no tipu hosi isolatores
~ psaun hosi metodu grounding nian
~ Kalkulasaun hosi radio interferensi
~ Konsiderasoens estabilidade
~ Efek elektrostatik no elektromagnetik
» Kordenasaun Isolator

»~ Sistema protetivu
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Komponentes Prinsipal hosi Lina
Overhead

~ Konduktores

» Tembaga

» Aluminu: ACSR, AAAR  AAC, Expanded ACSR
» Apoia Estrutura (Towers)

» Galvanized stcel (ba voltajen aas)

» Wood, concrete, steel (ba voltajen kiik)
» Isolatores

» Porcclain

» Glass

> Isolator polymer

Dezenu Mekaniku

» Fatores Prinsipal
» Seleksaun hosi lifia rute
» Tipus hosi tower ka pole
» Right of way
» Ground no konduktor clcarance
» Tower spacing, span length
» Kargas mekaniku

~ Todan hosi konduktor per unit length
~ Karga tanba anin, ice, snow, nst.

~ Temperatura

~ Tensuan Konduktor

~ Distansia entre apoias (Span length)
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Sag no Tensaun:

____________________________ 7 Masimu sag nune’e

' clearance ba ground no
konduktores seluk bele
mantein.

. Initia Insta edSag @ 5C__ -

T, Masimu tensaun nune’e
estruturas bele dezefia
atu nia reziste.

S . .
Sag-@ Max lee/W'nd Load

. Sag @ Max Electrica

\Ijgad, Tm:‘!‘x L
A Minimu sag atu
M o Elecine kontrola estrutura
C earance problemas uplift.

GRO ND EVEL

Kalkulasaun hosi Sag no Tensaun

H T,

T.=ws

tan y=dy/dx =T, /T, = ws/H

b) 2
AT 4
dx dx

ds > ds _ ds
L - N+ @dyrdx £ w22/H2|:>d-“
o~ VI |::>dx e N+ wis?/ |2
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Kalkulasaun hosi Sag no Tensaun

ds
dx = [ ——
J J‘\/1+w2.5'2/H2

Integrating
H . | (ws
x+c — sinh™! ( ) ;
w H

At x=0 s=0 therefore ¢,=0

Kalkulasaun hosi Sag no Tensaun
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Kalkulasaun hosi Sag no Tensaun

wx
dy =| sinh — dx
fay = snh 2
Integrating

= fi cosh (EEE) +c
Yy H 2

w

At y=0, x=0, therefore

Kalkulasaun hosi Sag no Tensaun

For tension at point P,

’=7+T}

= B+ wis?

We know  s= —1-{— sinh wx

w

T2 = K + H? sinh? (ﬁ“—)
H

e )
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Apoia iha Aas Hanesan

Karik menara iha aas hanesan no span mak 2/ n.c. half span mak /

H . wi
S:Esinh‘;’; S=;smh(—)
w
H wx H wl ]
= — —_—— d— — h— -1
y w(cosh m 1) w(cos o
T = H cosh == H cosh i’
H H

Apoia itha Aas Diferensa
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Apoia itha Aas Diferensa

For tower A y d+h= ﬁ (cosh W(le_ -"I) _ 1)

W
['an ne’¢, diferensa itha menara aas
>

po (cosh _w(2i-1— %) cosh 1‘—)—"—)

W

- gfi sinh Ei sinh Eii:iﬂ)
W

H X, H wx
- : — — — = h —_— _]
For tower B Vg ” (cosh l) ¥y (cos )

Formula Aprosimadu ba Sag no
Tensaun

H cosh W [:j::) [::£:> r=H
H

. a2 Al 2ol b
simhe = v+ 7-}- §+ F+

and coshz = +a+'4—'+‘6’_'+...
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Aprosimasaun Parabolic

» Kona ba spans badak (linas distribuisaun) ho sag kiik
(lato’o 10%0), kurva bele konsidera hanesan parabola.

»~ Sag lcss than 6°o could give only 0.5%¢ error

~ Sag between 6-10 °o could give only 2% error

H 22 W2
y= —(coshﬁ—l)z ﬁ(|+&-n)[>y=£
w H w 2H" 2H

sz T=H
Y=a31

Efek hosi Taka Es no Anin

~ Karik es mahar liu hosi 0.5 em depois konsideradu.

» Ffek hosi taka es (w,) atu aumenta todan hosi konduktor (w ), no nune’e
aumenta vertikal sag.

~ Karik r mak radius hosi k d ktor no 7 mak mahar hosi es layer.

V = 7[(1’ )~

= 7[(1’2 +2rt+t7 =1

= 7r(f2 + 21’[) m’
If pis the density of ice
W':ﬂsz+2ﬁ) kg m
Therefore, total weight (W)
W,=W +W
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Efek hosi Taka Es no Anin

~ Presaun anin 1a’o tuir konduktor iha
diresaun horizontal. Asume katak anin hu’u
uniformamente.

~ Karik p mak presaun anin, karga anin (w,) .
w, —2rp kgm

Conductor + Ice wo=2{r+ f)p kg m .

»~ Presaun anin depende ba velosidade hosi
anin.

p=0.006v" kg m”

Efek hosi Taka Es no Anin

w, or
(Wc + W) WT

» Todan nebe rezulta hosi konduktor mak:

Conductor alone W, = yw’ +w’ kg m
wr=y(w +w Y +w kgm

~ Angle nebe karega la’o:

g=tan (w, /w)
g=tan" (w /(w +w))

PO
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Diagrama Stringing

» Kurva hosi sag no tensaun ho variasaun
temperatura bolu Stringing Charts.

» Diagrama stringing serve hodi prepara sag no
tensaun tha temperatura ruma, karik sag no
tensaun hatene iha temperatura partikular ruma.

» Sira serve hosi harii lifia konduktores iha
temperatura espesifiku no kondisoens karega.

» Tha temperatura aas, sag liu no tensaun menus
portantu iha temperatura kiik sag menus maibe
tensaun liu.

Diagrama Stringing

Load per unit length

Stress (tension per mm?)
Conductor length (half span)

Sag

Temperature

Area of cross section of conductor
Coefficient of linear expansion
Young’s modulus

Subscrlpts 1 no 2 signifika temperaturas iha kondisoens
karga masimu no tha kondisoens stringing (instalasaun
ka produsaun hosi lifia tranzmisaun).
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Diagrama Stringing

~ Ba spans badak

2 2,3 273
wl w 23
a="" o s=1+ 2L S=1+ 2"
g 2T 6T" 64" f"
» Iha temperatura 6
w w [l
S =+ =
64 and 24 f
» lha temperatura 9,
vv,zl’ 2
A.Sz — / + H) 2 and d7 = Wz /
64" f, T 24,

Diagrama Stringing

» Tanba aumenta iha temperatura hosi 6, to 0,, naruk aumenta
mak:

6,-6)aS~(0,-0)al

~ lha cfck seluk ncbe aumenta iha temperatura hosi 6, to
0, ,hamenus tensaun ka cstrese hos f; to f5

(ﬁ_fzJSx(ﬁ_ﬁj/
- E

E

> Tan ne’e naruk foun mak:

S, =8 +(92—(9)a/—[f Ffzj/
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Diagrama Stringing

[+ Wi/, =1+ W17/-,+(6’,—6’1)(x/—[f‘fj/
6471 64> E

» Simplifikamente

242 4~
w, [°E

3 w'I’E
64°

64°

f22£f2 ~fi +(0201)(1E]

» Ne’e kubik hanesan iha 2 ne’ebe bele rezolve hodi
uza mathematical algorithm. Depois sag mak:

wﬁlz

d, =
C2Af

Diagrama Stringing

S8

Sag
Tension

GI)S [.() "

Temperature
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Sag Template

~ Ne’e plot hosi kurva usa hodi lokaliza posisoens menara.

Conductor line

» Ohin loron, ne’e hotu ona ura fali programas sophisticated software, ne’ebe foti
input hanesan kustu menara nian, rekerementus fundasaun, kualidade rai, nst.

Ruling ka Ekivalente Span

~ lha situasoens balun span naruk lahanesan.
» Tan ne’¢, tensaun kada span sci diferenti.

~ Ne’e la posivel iha tipu supervizaun isolator tanba nia sei ba-mai
atu ckualiza tensaun.

»~ Tan ne’¢, uniforma tensaun kada span nebe kalkula hodi define
ckivalente span (ka ruling span).

3 3 3 3
;- D+L+L05+--+ L Lo
L +L,+Ly+--+1L, §

~ L, mak ekivalente ka ruling span

~ [ mak kada individuu span iha lifia
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Ruling ka Ekivalente Span

~ Nune’e maizumenus ruling span mak:

L =L |g+§(L 4L )

&

~ L, mak médiu span iha lina
&

» L mak masimu span iha lifia

» The ruling span mak depois usa atu kalkula komponente horizontal hosi
tensaun, ne’ebe bele aplika ba span hotu-hotu entre pontus anchor . Depois
sag iha kada span mak usa kalkulafaun

wi
d =
2H

~ Span la bele liu dala rua ruling span ka lato’o rohan ruling span.

» Tha adesaun ba Horizontal swing tanba presaun
anin, itha tipus rua hosi vibrasaoes vertikal:

> Vibrasoens aeolian ka resonant

»Ne’e kauza hosi vortex phenomena iha light winds.

~Low magnitude (up to 5 cm) no high frequency (5-40 Hz)
~Less harmful tanba small magnitude

~ Vibrasocns sira ne’¢ baibain iha konduktor no liu ka menus

sempre iha.

~The Armour rods ka dampers uza atu hamate vibrasoens sira
ne’e.
Armour rods Stock-bridge dampers
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Vibrasoens Konduktor

» Galloping (ka konduktores halai)

- Jeralmente akontese tanba asymmetrical layer hoi formasaun
es.

~Bainhira asymmetrical es idane’e taka konduktor nakloke ba
anin kmaan (partikularmente bainhira rai-hali’is).

»Magnitude aas (to’o 6 m) no frenkuensia kiik (0.25-2 Hz).

~ Vibrasaun hirak ne’e bele hamosu flashover entre
konduktores.

~ Atu evita flashover idane’e prefere konfigurasaun horizontal.

»Mos karik konduktor mak sirkular ho didiak efek bele
minimiza.

» Konduktores stranded bele hafalun ho PVC atu halo
konduktor sirkular ho didiak.

Isolatores ba Lina Overhead

> Isolatores nebe uza atu izola menara sira hosi
konduktores diak.

» Isolatores nebe tutan ba menara no apoia lina
konduktores.

» Karakteristikas importante:

» Ne’e tenke kompletamente materiais homogeneous sein
fatin mamuk sira no impurezas.

» Korenti suli-sai liuhosi nia tenke minimu.

~ Avaria encrjia hosi material tenke aas no nia tenke satan
over-voltages no voltajen servisu normal.

» Mekanikamente nia tenke forte atu lori karga konduktor no
tenke tha moris naruk.
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Isolator Rating Sira

~ Voltajen Rating Tolu
~ Voltajen Servisu
~ Voltajen Puncture

~ Voltajen Flashove

» Voltajen flashover lato’o puncture.

Flashover Voltage

Safety Factor = -
Working Voltage

Isolatores ba Lina Overhead

» Porcelain:
»~ Porcelain baibain usa tanba baratu.

~ Nec’e kompletamente verifika atu hasai fatin mamuk
no glased molok usa atu mantein superfisie livre hosi
rai-rahun no kelembapan.

» Avaria cnerjia kuasze 6-12 kV mm
» Glass:

» Hameltin glass opsaun seluk iha enerjia diclétriku
aasliu (120 kV mm), mekaniku enerjia no moris.

» Defeitu bele hetan lalais hosi inspesaun vizual.

~ Desvantajen aasliu mak kelembapan ho-lais redis
esteridr nebe f6 aas esterior korenti suli-sai.
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Isolatores ba Lina Overhead

~ Isolator polymeric:

~ Silicone rubber no EPDM (Ethylene propylene diene
monomer) hodi uza ba objetivu isolator .

~ Low cost, light weight, higher life, hadi’ak lala’ok dielétriku
iha kontaminasaun ka polusaun.

~ Sira usa tha kombinasaun ho fiber glass rod.

» Hirak ne’e iha field trials no bele foti tempu atu usza
estensivuliu.

~ Tracking no erosion hosi shed material, ne’ebe lidera ba
polusaun no hamosu flashover.

~ Chalking no crasing hosi isolator nia oin, ne’ebe re/ulta hodi
aumenta kolesaun kontamina, arching, no flashover.

Tipus hosi Isolatores

» Tipu isolatores pin
» Tipu isolatores suspensaun

» Tipu isolatores strain

» Isolator shackle
» Tipu isolatores post

» Kompozisaun isolatores polymeric

18 6 2013 JICA Ek pa Assté sia Tékniku
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Tipu Isolator Pin

» Apoiu iha steel bolt ka pin ne’ebe apoia
metin iha cross-arm.

» Konduktor kesi ba isolator iha groove
hosi kawat annealed binding.

» Jeralmente uza ba lifias11 kV no 33 kV.

~ Sira bele halo iha pedasuk ida to’o 33
kV no pedasuk rua ba voltajen aas.

~ Tipu isolares pin antickonomiku ba
voltaje aas.

» Bocoran ka creep age distance mak hosi
lifia ba pin radially tuir permukaan.

Tipu Isolatores Suspensaun

~ lha ida ka liu unidades izolamentu tara husi cross arm
no konduktor nebe liga itha unidade kiikliu.

» Tali livre atu nakdoko (presaun mekaniku kiik);
presiza cross arms naruk sira ne’e.

» Voltajen ekondmiku to’o 33 kV. Kada unidade tipiku
dezeniaba 11 kV.

~ Unidade nebe falla bele troka
sein troka tali hotu.

» V forma tali isolator bele
mos uza atu evita nakdoko.

- » 400 > 19 units > 3.84 m

N
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Tipu Isolator Strain

» Isolatores hanesan ho tipu
1solator suspensaun maibe
uza tha pozisaun horizontal.

» Jeralmente uza 1tha menara
ho dead end, menara angle,
no dalan no hakat mota.

» Sira bele foti tensaun off
konduktores. Bainhira
tensaun aas tebes rua ka liu
nebe uza iha paraleru.

Isolatores Shackle, Post no Polymeric

=X

“—

=z

£ =

g I =

L EE

= = -1 =
_ 1
== = +
= . '
- 1
Ko inculatars or = = 5
Shackle insulators or = — :
spool insulators {

L
Post type insulators Polymeric insulators
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Potensial Distribuisaun itha String

» Kapasitansia hosi disc:
Kapasitansia entre servisu
metal hosi unidades
1solator; dalaruma bolu
kapasitansia mutual.

. » Kapasitansia ba rai:
L kapasitansia entre servisu
metal hosi isolator ba
> menara.
_L aonc ars &7 CABT . .
pevre, =S = Capacitance per insulator  mC
ot L Capacitance to ground C

Potensial Distribuisaun itha String

e Capacitance per insulator  mC

! Capacitance to ground C
'CY

» Karik ¥ mak voltajen across
konduktor no ground. Ita iha:

V=V, +V,+ V4V,
Also L=1+1,
VmaC = V,maC + V,oC

8 v,- m+n="21y,
m m

-

O
d‘
“— < DEIDEC <D < >
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Potensial Distribuisaun itha String

> Similartly, Izl +1

t
e 2 VmaC = V,moC + (V, + V,)oC
o * VymaC = V,oC(m + 1) + V,0C
IZ
mc V2 Subsitutng v, =2 + 1vl
C I * m
by VomaC = 22y wOtm + 1) + V,aC
mc Vs m
les
(m+1)?
L ~VeC|—————*+1
\% m
mC 4
s

Potensial Distribuisaun itha String

~ Similarly, I, =I3+ I,

1, 1\
¢ mc Vi [m? +3m+1 ,
c1 * VmaC - V,oC o +oCV,+V,+ V]
I, -
V. [ 2
mC 2 m*+3m+1
¢ * =VieC T]
Iy _ 2
V. m+1 m*+3m+1
¢ o mC *3 +oC |V, + - Vi + p Vl]
I, ,
mC v, V-v m2+3m+1+3m‘+4m+1
5 ¥ PaadE m? m3
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Efikasia String

. 4 »>Letm~—5
c oy ™ Vi F
Yo v,=12v
& ’ m )
mc Y2 -
¢ = 301
| * V,=V 1++7} |:> V, =164V
:mC v, L m m
[of Ies ‘l, * 6
5
v e 2 2+l3}|:> v, =241V
mc 4 . om m m :
5 ¥
String Effeiency - Voltage Across String <100

nxVoltage across unit adjacent to line
(141241644240
- 4x2.41V

x100=63.8%

Metodus hodi Ekualiza Potensial

» Metodus atu promove string efikasia
> Selesaun hosi m
» Grading hosi unidades
> Statik shielding ka guard rings
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\

Lina Apoia

Wooden Poles
~ Baratuliu , usa ba spans kiik (30-40m)
~ Tendénsia atu rot iha rai no moris la bele predikadu.
Reinforced concrete poles
» Moris naruk no manutensaun kiik
~ Kustu transporte nian aas tanba tod
Tubular steel poles
~ Spans narukliu duké wooden, longer life, light weight, high strength
» Presiza galvanizasaun
Lattice steel towers
~ Fkonomiku ba spans naruk, tall supports no tran/misaun HV

~ Galvanised no painted

Tipiku Menara Sira

~ Main stem
» Cross arms

Isolator

|

\

Guy wire
(Optional)
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Tipu hosi Menara Sira

Tipu A menara (Tangent tower ho suspensaun string)
» Uraihaaliranloos no to’o 2 lifa diversoens

Tipu B menara (menara angle kiik ho tensaun string)
» Uraba lifia diversoens hosi 2 to’o 15

Tipu C menara (Menara angle médiu ho tensaun string)
» Uraba lifia diversoens hosi 15 to’o 30

Tipu D menara (Menara angle boot ho tensaun string)
~ Uraba lina diversoens hosi 30 to’o 60

Tipu E menara (Menara Dead End ho tensaun string)
» Uraba lifia terminasaun no starting

Menara espesial
> Menara suspensaun: (Span kuase 1000m) hosi hakur mota ka tfoho

» Menara transporisaun: Transporisaun hosi lifia

Dezenus Inovatif

B e e

/

Classroom Lesson (Power) —221— Tetum

2013/10/9

85



VI. TRANZMISAUN NO SISTEMA
DISTRIBUISAUN

LINAS TRANZMISAUN OVERHEAD
DEZENU ELETRIKU

Metodus hosi Ekualiza Potensial

» Metodus atu promove string efikasia
» Seleksaun hosi m
» Grading hosi unidades
> Static shielding ka guard rings
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Selesaun hosi m

» Karik valori hosi m mak aumenta
1 ne’ebe bele realiza ho aumenta naruk
cross-arm.

» Aumenta naruk cross-arm hamenus
b kapasitansia entre rai no koneksaun
mC metalik.

1 » Maibe aumenta naruk cross-arm laos
mC ekondmiku hafoin distansia natoon.

» Teorikamente 1da bele realiza voltajen
distribuisaun hanesan bainhira m mak

g infinidade.

» Ne’e hetan katak valor hosi m bootliu
duké 10 laos ckondmiku.

2v

3V

Grading hosi Unidades

w4 » Voltajen across kapasitor fila-
e, V hikas proporsional ba
fer kapasitansia hodi {6 korenti.

I

¢, v » Ho grading loos hosi
lez * kapasitansia kompleta
I igualidade voltajen bele
Ca realiza.

. T > Amiiha

-

g
< <

v >

v I=1I.+1

wC,V=0CV+aCV
C,=(C+C)
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Grading hosi Unidades

A I=1Ig 1,
¢ i c, V oCV =20CV+oC,V
. * But C,=(C+C)
Y c, V mQV:2mCV+m@4C)V
¢ e * C,=3C+C
"c v C,=C +(1+2)C
cC i 'y .
: A Generalized case:
e,V C=C +(1+2+3+-+(n-1)C
2; v Therefore, if C;=5C, then
C,=6C,C,=8C, C,=11C, and so on
Grading hosi Unidades
L, 4 > Hirak ne’e karik kapasitansia hosi
c c, V unidade ida hadi’a kapasitansia

2v

3V

les seluk bele fasil determina.

-

» Ne’e presiza unidades hosi
diferenti kapasidades, ne’ebe
antickonomiku no impratiku.

,
O
~

€ < DEL>E < >

O
X}

» Tan ne’e metodu idane’e baibain
la emprega anaunser ba lifias
voltajen aas tebes.

—
&
O
N

o

» lha kazu ne’e, marka iha grupus,
dalaruma rua tolu.
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2v

3v

4v

Statik Shielding

Similarly,

L+ =1+1,
Ii+1.=1,+1
I, +1 =1, +1
Voltages can be equal if
I =1,
wCx(n-1V =0wCV
c - C
' (1171)
Also, I =1,
Cy(n=2)V =20 CV
o 2C

7(1172)

3C pC
C = "= C =

(i-3) T )

b’

FEPELELELLEETEY

Statik Shielding

» lha pratika, ne’e susar tebes

atu realiza kondisaun hosi
voltajen hanesan.

» Maibe vantajen parsial bele
hetan hosi metodu idane’e
(guard ring) no uza

normalmente.

» Tan, bainhira horn gap mos
uza, nia mos proteje.
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Metodu Numeériku (FEM, BEM, FDM, etc.)

w
<

—
T —

(—2 h
I
.
5, B
=
U
RN

f (54
.

—

Electric Potential (kV)
h

—

-

5 e T

123 45678 9101112131415161718

Insulator Number

VI. TRANZMISAUN NO SISTEM

DISTRIBUISAUN

LINAS TRANZMISAUN CORONA

OVERHEAD
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Saida mak Corona?

> Corona mak deskarga nabilan tanba
ionizasaun hosi anin nebe hale’u elétrodu,
kauza hosi grandiente voltajen liu valor kritiku
espesifiku.

Tansa Corona mak Importante?

Corona hosi konduktores bele hamosu barullu audivel no
barullu radio.

Barullu audivel hosi konduktores bele viola padroens
barullu.

Barullu radio hosi konduktores bele interfere ho sistemas
komunikasoens.

Corona lakon bele signifikativu bainhira kompara rezistivu
lakon hosi konduktores.

~ Corona bele hamosu posivel estraga ba isolatores polymeric.

» Tan ne’e, linas livre corona presiza iha dezenia ne’ebe
presiza komprendesaun hosi fatores ne’e afeta corana.
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Parsial Deskarga

~ Avaria hosi gas nebe 1ha bathira deskarga rasik lapara
ka prosesu ionizasaun monta ona.

» Ida ne’e monta bainhira presaun parte elétriku liu valor
kritiku espesifiku.

» Kona-ba parte uniforma kondisaun idane’e satisfeitu
tha pontus hotu - hotu no sei kompleta avaria hodi
forma arc entre eletrodus.

> Ba avaria anin forsa (iha 25°C no 760 mm Hg) mak 30
kV cm ba DC no 30 kV cm (peak) ba AC.

» Maibe, karik parte elétriku mak la-uniforma liu
kondisaun avaria bele laiha leet hotu.

Area Non-Uniforma

&

Conductor

Ground
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Corona

~ Portantu 1tha area non-uniform, rejiaun balun hosi
esperensias dielétriku forte aasliu duké, bainhira
presaun area rejiaun seluk diak iha valor kritiku.

» Nune’e, kondisaun deskarga rasik lapara sei validu deit
itha rejiaun forte nebe aumenta ba parsial deskarga bolu
corona.

» Ne’e asosiadu ho pijar (bluish ka violet tuffs, streamers,
and or glow) no lian finu no bainhira monta tha ozone,
ozone, oxides hosi nitrogen no nitric acid (in the
presence of moisture) formadu ona.

» Naroman produs hosi rekombinasaun hosi nitrogem
atom elektron livre.

Mekanizmu hosi Formasaun Corona

» Konduktores iha Voltajen Negativu DC
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Mekanizmu hosi Formasaun Corona

» Konduktores iha Voltajen Positivu DC

Superficia Spreading
of Bu st Co ona

; ;
- /‘ i
e} 1|
_‘_-r +l
Radial Streamer / | So
Development ,

~— W th Space Charge
==+ W thout Space Cha ge

Field Intensity

Dsta ce romt e Anode

Mekanizmu hosi Formasaun Corona

» Konduktores 1ha voltajen AC:

» lha siklu positivu sorin:
~ Bainhira voltajen liu valdr insepsaun corona, estarta ionizasaun no
intensidade progresivamente aumenta to’o tutun.

- Flektron sira sa’e to’o konduktor maibe antes ions positivu to’o
elétroda seluk polaritas troka.

~ lons positivu seluk vitualmente cutoft hela hosi clétrodas rua ne’c
hotu.

~ Iha siklu negativu sorin:

~ lha siklu negativu sorin corona kontra estarta bainhira voltajen liu
valor insepsaun corona.

»~ Flektron sira fahe sai hosi konduktor no neutraliza ions stranded.
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Mekanizmu hosi Formasaun Corona

» Konduktores iha voltajen AC:

»1ha dalan idane’e kada siklu espasu balun karega
presiza atu neutraliza no rezultadu sei lakon 1iha
kargas hosi rekursu.

» Enerjia kontinuamente lakon iha espasu corona.

» Rekombinasaun hosi kargas kontrariu sei hasai
enerjia iha anin sorin-sorin ne’ebe sai manas.

Corona (Prova Laboratoriu)
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Corona (Prova Laboratoriu)

Corona (Prova)
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Corona

Voltajen Disruptivu Kritiku

» Diferensa potensial minimu presiza entre konduktor atu estarta
ionizasaun bolu voltajen disruptivu kritiku ka voltajen
insepsaun corona

a b
Is P Ty
@ @Letn,:rb:r
i D :
F——x
E, - i . A =4 l+ L
2regx 2mey(D-x) 2mey|x D-x
-9 D
2rey x(D-x)
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Voltajen Disruptivu Kritiku

Diferensa Potensial entre konduktor

r D-r 1 1
v=- [ E dx= jL[-+—] dx
Dpor 4 2rey|x D-x

=2 wp, |:> g=7%"
T& InDr

Tan ne’e,

E, - — I:> E =
2rey x(D-x) InDr 27 €y, x(D - ¥)

4 D
2InDr x(D-x)

Voltajen Disruptivu Kritiku

4 D
2iInDr x(D-x)

X

»~ Espresaun iha leten ba lina single phase no V> V' 2

Agora idane’e bele uza ba single phase ho V* V' 2
Ka ba lifia three phase V> V' /3
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Voltajen Disruptivu Kritiku

a b

fg P » ,
x(D-x)InDr

I D '
P——x—

» Gradiente aumenta x hamenus no sei masimu iha
konduktor oinn.e. x »
V'D 784
gmnx - E" - Emnx - E
r(iD=rYInDr rinDr

Tan ne’e,

Voltajen Disruptivu Kritiku

V' =rguaInDr

> Bainhira g, to’o g, (breakdown strength of air)
anin mate.
80 =30 kV/cm. For AC voltages g, = \3/—_(2) =21.2 kV (rms) cm

Iha leten g, ba kualker kondisoens (standard), tha
kondisaun seluk ruma. e 8
g0 = 8o

273+25
where o = P " =0.392 P
273 +1¢ 760 273 +¢

o mak the relative air density ka air density correction factor
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Voltajen Disruptivu Kritiku
» voltajen disruptivu kritiku ka voltajen insepsaun
corona mak hetan hosi
V,=rgydln b kV
.

» Tha ne’e, supozisaun mak konduktor nebe solidu iha oin
kabeer, maibe iha kazu pratiku (hanesan ACSR),
konduktor sei la iha oin kabeer. Atu konta ba fator
irregularidades superfisie m,, utiliza. Nune’e,

Vy=rgodmylnDr kV

m,, = fator irregularidade superfisie ka fator stranding

Voltajen Disruptivu Kritiku

~ fator irregularidade superfisic depende ba state hosi cross section
hosi konduktor no state hosi ninia superfisic.

» Ne¢’e mos konsidera dust no dirt iha superfisic konduktor.
~ Valor hosi m, lies between 0.8 to 1.

» 1y = | ba smooth, polished, no round conductors

~ nmy =0.92 - 0.98 ba rough surfaced conductors

~ n1y = 0.8 — 0.88 ba stranded conductors

~ Agora bainhira d no r espresa itha cm.

30 5m ) [rin(D/r)] kV (Pcak)

v
v =@21.18m )[rin(D/r)] kV (rms)
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Voltajen Disruptivu Kritiku

V=g

(2

rJ

Fair (or standard) whether

conditions and solid
conductor with smooth
surface

N\

\‘/

Emax &0

gy 30kV Cm (Peak)
gy 21.1kV Cm (rms)

V =g [i‘lnl?w

rj

Other (or foul) whether conditions
than standard and solid conductor

with smooth surface

o d o
Smax 5 S0

5=0392—2
2 3+¢

V=g 5(1‘ln’2j

Other whether conditions tha
standard and conductor with

irregular surface (ACSR)

g mgd g,

The value my is
08101

Vizual Voltajen Disruptivu Kritiku

» lha voltajen coronal disruptivu kritiku estarta, maibe sei la
vizivel. Nia presiza ionizasaun liutan hosi xoke-malu.

~ Karik voltajen aumenta aumenta liutan tha pontu balun
corona sai vizivel. Voltajen idane’e bolu hanesan vizual
voltajen disruptivu kritiku kaoltajen insepsaun corona

vizual.

~ Voltajen gradiente (g,) ba corona vizual hetan hosi [Peek]:

8, g05[1+

Vv =g m rin(D/r) kv

Tan ne’e,

V =g (5£l+

0.301
j kV cm

Jro

0.301

ro

- j m, [rln(D/r)] 3%
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Vizual Voltajen Disruptivu Kritiku

~ fator irregularidade superfisie (m,) diferenti hosi m,,.

~ Lokal corona: ba konduktor ho irregular superfisie, vizual
corona mosu 1ha pontu diferenti duké superfisie hotu bolu
hanesan corona lokdl.
» m 0. 2balocal visual corona on stranded conductor
» m  0.82 ba general (or decided) corona on stranded condu

» m | basmooth no polished conductor

» Agora bainhira d no r espresa tha cm.

V —305[1+3§2}Jngbﬂnﬂh%ﬂ kV (Peak)
l’—2le@+3§gqinbhﬂDﬂﬂ kV (rms)

Vizual Voltajen Disruptivu Kritiku

» fator irregularidade superfisie (m,) diferenti hosi m,,.

» Corona lokal : Ba konduktor ho irregularidade
superfisie, corana vizual hamosu iha pontu diferenti
duké superfisie hotu bolu hanesan corona lokdl..

» m, = 0. 2ba corona visual lokal iha stranded konduktor

» m, = 0.82ba jeradl (ka decided) corona iha stranded konduktor

¥ m, =1 ba smooth no polished konduktor
» Agora bainhira d no r espresa iha cm.

. 0.301
K,30é[l+\[($}1n [rin(D/r)] kV (Peak)
.

0.301

V,=211 (5{1 + } m, [rin(D/r)] kV (rms)
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Voltajen Disruptivu Kritiku

V =g Y(rln]?w

rJ
y o g, mydg
Critical Disruptive Voltage V=mg§é (,. In _j
or corona inception voltage The value myis 0.8 to r
1

Visual critical disruptive J\ o o0 140301 D
= < r (s Vd :mV gV " ln -
\

voltage or visual corona _‘/

inception voltage inkV cm

Corona Loss

> lonized karega besik superfisic konduktor foti cnerjia hosi

sistcma forncsementu no tan n¢’e lakon 1ha encrjia balun tanba
corona.

> Peek’s Empirical relasaun ba corona iha kualker kondisaun justu.
P =241x10 ° x“fs\/j(lf —¥} kW phase km
C

Tha ne’ebe V, phase ba operasaun voltajen neutru tha kV no f mak
frekuensia.

Ba storm ka foul kualker kondisaun voltajen mak 0.8 V

. [+25 )
P —241x10 *x 7 /g(V —0.87 F kW phasc km
[@

Relasaun ne’e rezultadu loos bainhira 1) Corona loss mak
predominante 2) Frekuensia lies entre 25 no 125 Hz 3) Ration hosi
V'V > 1.8 4) radius hosi konduktor bootliu duké 0.25 cm.
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Corona Loss
» Bainhira ratio V,/V < 1.8 Peterson’s formula
fo rezultadu diak

_1.11066x10 * f°

T ol )

»lha ne’e /" mak corona fator determinadu hosi
teste depende ba V /V..

F kW Phasc km

Fatores Afeta Corona

> Fatores Ambiente

*  Temperature *  Pressure

¢ Dust and dirt * Rain, snow, fog
» Fator Eletriku
Frequency *  Supply voltage

~ Lina Konfigurasaun

*  Conductor configuration *  Profile of conductor

*  Diameter of conductor ¢ Surface condition

¢ Number of conductor per *  Heating of conductor by
phase load current

*  Conductor spacing
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Fatores Afeta Corona

» Fatores Ambiente

s-_P .273+25:0.392 p

273+t 760 273 +1
V=mg o (rlnDW
ry

25 5
P:Z41><105></+ \/Z(V 7V> kW phase km

» Temperatura:
»~ Presaun:
~ Rai-rahun, rai:

» Udan, salju, embu

Fatores Afeta Corona

» Fator Elétriku
5o p .273+25 039 p
273+t 760 273+t
V=mg 5(1‘lan
ry

P =241x10 wa\/Z(V ~¥ f kW phasc km
)

» Frekuensia

> Voltajen
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Fatores Afeta Corona

» Lina Konfigurasaun
o DW
V=mg o krln—

rJ

P =241x10 5></;25\/§<V —¥ § kW phase km

» Konfigurasaun Konduktor ~ +  Perfil hosi konduktor
»  Diametru hosi konduktor » Kondisaun surperfisie

*  Numeru hosi konduktor per *  Heating konduktor nian hosi
phase karga korenti

»  Espasu konduktor

Merits no Demerits hosi Corona

» Merits
»~ Act as safety valve during lightning and switching surges.
~ The waves gets dissipated as corona loss.
» Aplikasoens seluk:

~ Van de Graaft generator, Electrostatic precipitator, 'lectro printing, lonization
counting, Electrostatic deposition

» Demerits
»~ Corona loss redus efikasia.

~ loniszed air hale’u servisu konduktor hanesan hala’o médiu aumenta
cfetivu diametru hosi konduktor.

\

Kapasitansia idanc’c aumenta no hamenus surge impedance loading.

~ Interferensia ho linas komunikasaun.
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Prevensaun hosi Corona

» Konsiderasaun ckonomiku, ne’e adviszivel atu harn lifia corona karik livre
ba hotu-hotu.

~ Atu prevene corona loss, voltajen disruptivu kritiku aasliu voltajen
phase.

~ Aumenta espasu konduktor

» Aumenta radius hosi konduktor (Fxpanded ACSR)
~ Ura hosi konduktores bundled

»~ Fspasu entre konduktor bundled

~ Isolatores homogenous:

~ Eliminasaun hosi pontus sharp:

» Uvra Corona rings:

» Tratamentus superfisie:

Corona Ring

e

/
|
j

a) contour plots without corona ring
b} contour plots with corona ring
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SISTEM ENJENARIA ENERJIA

UNDERGROUND CABLES

Vantajen hosi Underground Cables

~ Underground cables teknikamente vantajen duké lifas overhead
» La nakloke ba kondisoens ambiental

» Induktansia inferiér tha fiu entaun voltajen hatin
menus

~ Maibe, kustu manufatura aas, low heat dissipation no high charging
current halo nia antickondmiku ba distansia tranzmisaun naruk.

» Cables prefere iha kondisocns tuirmai:
~ Involve seguransa publiku no presiza intreferensia ki’ik
~ Populadu sidades boot
» Scenic beauty hosi sidade importante

~ Submarine crossing, no subestasaun no ligasocns transformdor

108
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Komponentes hosi Fiu Enerjia

Jacket
Sheath

Conductor

Conductor shield

Insulation

Insulation shield

Metallic shialg

Komponentes hosi Fiu Enerjia

» Konduktor hodi lori korenti
» Konduktor shield atu prepara mooth

radial electric field

» Isulasaun atu izola voltajen aas

konduktor

» Izolasaun shield (optional) atu
prepara smooth radial electric field.
Also act as hermitic seal of cable.

» Metallic sheath and or plastic jacket
ba protesaun mekaniku. Metal sheath

proteje fiu hosi bee dalan.

» Metal wire armoring (optional) tba

protesaun mekaniku
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Materiais Utiliza tha Cables

~ Konduktores
» Tembaga (Copper) ka aluminiu
» Stranded ba flcksibilidade
» Medida deside hosi kapasidade nebe presiza

~ Temperatura sa’c tenke limite atu cvita degradasaun hosi
1zolasaun

» Material 1solator
» Papcr (impregnated)
~ PVC (polyvinyl cloride)
» Thermosct materials (XLPE, TR-XLPE, EPR)

» Likidu no gascous izolasaun

Isolasi: Paper

»~ Dry paper mak isolator kualidade kapas maibe lakon karakteristika
lalais karik nia sai bokon.

~ Dry paper mak hygroscopic, entaun nia tenke taka netik hosi
kontaktu anin.

» Nune’e, nia taka ho materiais rezistente bec.
~ Reprezentasaun promove hosi impregnating ho mina mineral.
~ Nia iha relativu permittivity hosi 3.6 no bele reziste 20kV mm.

» Ratings: 80°C karega beibei 130°C overload tempu badak no 200°C
ba sirkuitu badak.

~ Presiza mekanizmu konjuntu espesial atu asegura apropriadu sealing.

» Todan hosi fiu mos aasliu kompara ho PVC no XLPE

110
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[zolaaun: Materiais Thermoset

~ Tha moés materiais synthetic ne’ebe la hamamar, korenti ka hetan estraga
bainhira obriga manas no presaun.

» XLPE (Cross linked polyethylene)
~ Long chains of polyethylene molecules are linked by carbon atoms.
~ Propriadades eletriku diakliu duke PVC.

~ Ucza estensivuliu ba médiu no fiu voltajen aas (up to 500 kV).

|

Bele uza to’o 90 C temperatura konduktor no servisu to’o -40 C.
» Nia iha relativu permitivamente hosi 2.5 no bele withstand 18 kV mm.
» Forsa mekaniku diak no ladun todan

» TR-XLPE (tree retardant XLPE): Nia iha aditivu espesial ne’cbe resiste
tree formation.

» EPR (Ethylene propylene rubber): Higher thermal rating, thus higher
ampacity. Propriadades diclétriku menusliu duké XI.PF

[zolasaun: Isolasi Likidu no Gaseous

» lha voids izolasaun solidu mak problema prinsipal n¢’ebe estarta
parsial deskarga no bele sai avaria.

» Void formation bele prevene liuhosi
» Monta fiu ho izolamentu gas (N or SF6) iha presaun aas.
~ Uza mina viscosity ki’ik itha (mina mineral) presaun.

» Rezultadu ne’e seguru aasliu presaun elétriku no més temperatura
operasaun permisivel.

111
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»temp

Tipus diferente hosi fiu

> Belted
» Screened

» Pressure cables

112

Classroom Lesson (Power) —248— Tetum



2013/10/9

strutura Fiu

E truded Seme-Conducing
Inpdation Shicdd

SdRRUAUM OF
toosd Shea h

Extruded Sermv-Conduc
Conductor Sheeic

JICA Ekipa As sténsia Tékniku

Cross-Lankgd Polyeitviene
{XLPE} Insudation

LCompact Stranded
Copper Conducton

Copper
Tope Stuckd

Poryettylene Jacket

Conductar Shield

impregnated
Paper Insulation

Insutation
Shield

Paper and Copper
Tape Core B nder

Lead-Alloy
Sheath

PVC or PE
Outer Jacket

Copper Conductor

Conductor Shiold

XLPE, TR-XLPE or
EPR Insulation

nsulaion
Shield

Coppaor Tape
Shigtd

Lood Alloy "

Shoenth

PEo: PVC

Jacket

Metal Wire
Armouting

Paper-Insulated 1 ead-Covered

Cables (PII C)

JICA Ek pa As sténsia Tékniku

Copper Conductor

Sub- Marine Cable

113

Classroom Lesson (Power) —249— Tetum



Copper Conductor
Conductor Sheld

XLPE, TR-XLPE or
EPR Insulation

Insula 1on
Shield

Copper Tape
Shield

Filters.

T

Binder Tape

PVC or PE
Quier Jacket

Materiais hosi Komponente Fiu

*Copper *Paper *Semicondu <Lecad PVC *Galvaniszed
or PVC -cting sAluminum <Polythenc  steel
*XLPE (Insulation *Nylon
sAluminum TR-XLPF  with carbon *Neoprenc
(Stranded)  *EPR impregnati-
on)
*Vulcaniszed
rubber *Aluminum
*Polythene  Copper
(tape)
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Single Core no Fiu Three Core

Jacket

Metal shie d
Sheath Conductor
Conductor
shieid
\ petor Filler
tnsulation
Conductor Insutation shield
shield
Sheath
A
Insutation frmour
Copper tape
Insulation binder
Metalic ~ shield Outer jacket
shield
Single Core Cable T'hree Core Cable

(Bclow 66 kV)

Fiu Belted no Screened ka shielded

Conductor I Conductor Conduclor
Core insulation

Core nsulation Core nsulation
Beltinsulation Screen Screen
Sheath Lead sheath Lead shealh
Belted H-Type Screened S.L. Tyvpe Screened

~ Fiubelted uzato’o 11 kV.

~ lha tipus rua hosi fiu screened H-Type (Hochstadter) no tipu S.L.
type (Separate lead). Uza to’o 33 kV
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Pressurized Cable (enxe oli & presaun
oli)

Gl channels
Sheath
Paper
Impreqna insulation
paper
Conducto
it duct

~ Above 220 kV n¢’e presiza atu evit
void formation.

» Voids mak jeneralmente forma hosi
cyclic heating no cooling no bele
prevene hodi uza oli liuhosi presaun.

~ Oil channel is made by spiral steel
tape.

Gas Pressurized no Gas Filled Cables

Outer sheath

SFg under
pressure

- D sc type spacer

\

Prinsipal tipus rua: 1. impregnated gas pressure cable 2. gas filled
cables.

v

More revolutionary are the cables incorporating cryogenic cooler.
» Uzato’o 132 kV to’0 500 kV
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Operasaun Range hosi fiu

Each cable type can be, but usually
is not, used beyond indicated voltages

High oil pressure “oi]ostatic"]

Low oil pressure oil ﬁlledl

T
High gas pressure

"”l Medium gas p:ress

"”l Low gas pressure

Solid
Belted solid I
| | ] | | | | [ | | |
1 25 75 15 23 3546 69 115161 230 | 550

Voltage, kV

138 345

Recommended voltage ranges for various of paper-insulated paper cables.

Intensidade Area Elétriku Field ho

Voids

5 700e-006 =6 000e+006
5400e 006 5700e 006
5 100e-006 5 400e-006
4 800e-006 5 00e-006
4 500e-006 4 800e-006
4 200e-006 4 500e-006
3 900e-006 4 200e-006
3 600e~006 3 900e-006
3 300e-006 3 600e-006
3 000e-006 3 300e-006
2 00e-006 3 000e-006
2 400e-006 2 700e-006
2 100e 006 2400e 006
1 800e-006 2 100e-006
1500e-006 1 800e-006
200e-006 500e-006
9 000e-005 1 200e-006
6 000e-005 9 000e-005
3 000e 005 6 000e 005
~0 000e+000 3 e+005

De sth Pot E
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Efek hosi Void Permittivity

3 - e
o i =

Air Voids Voids filled with oil

JICA Ekipa Asisténsia Tékniku

Karakteristiku Elétriku hosi Fiu

» Rezisténsia isolasi
» Induktansia konduktor
» Kapasitansia fiu

» Presaun elétriku iha isolasi laran
» Grading hosi fiu

» Kapasitansia grading
~ Inter-sheath grading

» Dielétriku losses no tan delta (loss tangent)

» Sheath no armor losses

JICA Ekipa Asisténsia Tékniku
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Rezisténsia Isolasi

pdx

» Resisténsia hosi seksaun ki’ik dx mak dR\ = 3 7l

~ Nune’e resisténsia mak R, = ZL;ﬂ-[q% - P In R ohm

2nl
. . p R
» Isolasi kada unidade naruk R, - ?ﬂ- In - ohm/m
r

Induktansia Konduktor

» Ba fiu single core:

L-2 10 In (Q,J H/metre
r

D = separation distance between phase conductors
r =0.7788r
r = radws of the conductor

» Ba fiu three core:

L-2x10"1In (2) H/metre

r

D - separation distance between cores
r = 0.7788r
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Induktansia hosi Fiu

Formu a for ‘'nductance

L=0.05+ 0.2 -1n (3} [mH/

Whaere trefol formation: K — 1
fla formator K 1.26
s - distance between conductor axes { m) T
re = conductor radius (nmy)

Formula for inductive reactance

- L :
X = 2nrf. )
n 000 [£2/km)]

Where f = requency (Hz)
= nductance (nH/k

Induktansia hosi Fiu

g= A vim
2rhx
Sheath
Therefore voltage is
D electnc

Conductor

Therefore, capacitance between core

— to sheath

= 27kok,
InR/r

F/m
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Kapasitansia hosi Fiu Three Core Belted

Conductor
insutation

“ Beit
on | \
insulation C,
C ___{/c| 3G, !

2)
o oo  Fkm
log, |1+ "'1384 1. o,’ﬁo_sz,{,ﬂ
d 1 )

\\fhere £, is» the refative permituvity of the insulation. s the thickness of belt insulation, d the
diameter of the conductor and 7 the conductor insulation thickness.

Oinsa atu hetan C1 no C2

Foti sasukat tuirmai:

1. Konduktores tolu hotu junta hamutuk no sukat
kapasitansia cntre sheath no konduktores.

C,=3C, |:> C,=¢C3

1. Liga konduktores rua no sheath hamutuk no sukat
kapasitansia entre sheath no konduktores nebe iha.

C,=2C+C,

-2 6.8 G
2 2 2 6

C {Cr cw 3C, C
x .3 ro_ B

ore C =C,+3C, = x
Therefore . 27 ) 6 ) ) 6
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Presaun Elétriku itha Fiu
y=-Lmnkt |:> 9 Y
2ne r 2ne In (R/r)
E, = 24 |:> E=—Y
2rnEx ! x In (R/T)

» Presaun masimu hamosu iha supertfisie konduktor
nian v

™ T rn (RIY)

» Presaun minimu hamosu iha superfisie sheath

Emm = L
R In (RIT)

Presaun Elétriku 1tha Fiu

14
E - —1_
max rIn (Rir)
~ Optimal radius minimum stress

e _ o

R R
In -1 or — =c¢
g r r
—> v 14
E,, =— = — R=2718F
r R
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Presaun Elétriku 1tha Fiu

1 045e-007 =1 100e+007
B 9 900e-006 1 045e-00
9 350e-006 9 900e-006
8 800e~006 9 350e-006
8 250e-006 8 800e-006
7 700e 006 8 250e 006
7 150e-006 7 700e-006
6 600e-006 7 50e-006
6 050e~006 6 600e-006
5 500e-006 6 050e-006
4 950e-006 5 500e~-006
4 400e-006 4 950e-006
3 850e-006 4 400e-006
3 300e-006 3 850e-006
2 750e 006 3 300e 006
2 200e-006 2 750e-006
650e~-006 00e-006
11 e- 6 16 0e-006
5 500e-005 1 100e-006
=0 000e 000 5 500e 005

Des Fot E

Grading hosi Fiu

» Area elétriku 1ha fiu laran la uniforma, masimu iha
superfisie konduktor no minimu iha sheath.

» Nune’e material isolator la utiliza lo-loos.

» Isolator besik superfisie konduktor presaun aumenta
bainhira presaun menus tebes itha outer diametru fiu
nian.

» Grading nebe uza atu hamenus diferensa entre £, n
“nnunt

» Grading bele klasifika liutan to’o kategorias rua.
» Capacitance Grading
~ Intershcath Grading

(o]
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Kapasitansia Grading

E, = =L =4
2rEX

Tan ne’e permittivity mak
ki
x

£ —

Ne’e labele realiza iha pratika
durante nia husu numeru infinitu hosi
materiais dielétriku ho variadade
permittivity.

lha pratika, ne’e bele realiza hosi
layers rua ka tolu hosi materiais
dielétriku.

Ideal condition for stress in cable

Kapasitansia Grading (Ho Fator
Seguransa Hanesan)

L. - G
> Bainhira dezena fiu Epu — ra

»~ Husik forsa diclétriku hosi
material mak G1 G2 no G3
korresponde ba €1, €2, no €3
no F mak fator scguransa
hancsan ba matcriais hotu-hotu.

Layer 1 (¢)) Layer 1 (g;) Layer 1 (¢;)

. _G 9 .G a9 _ G
226r  F ey, F 2y, F
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Kapasitansia Grading (Ho Fator
Seguransa Hanesan)
G,

1 GZ

q -~ 2/:5,r(; - 2rE q 2ner

-

670, = 66y = &G,
» Tan r<r<r, |:> 8G; > £G: > 6G;

» Nune’¢ material iha produtu aasliu hosi permittivity no forsa
dielétriku tenke tau besik ba konduktor. Operasaun voltajen hosi Fiu
nebe fo hosi

A R AP IRE3 dx
’ [

n

1 n
- —Ind 4+ —n + — In

q 1 n 1 R
2§ r & n £ r

Kapasitansia Grading (Ho Fator
Seguransa Hanesan)

» Karik materiais nebe
obriga ba presaun masimu
hanesan tha », |, no r,

Layer 1 (¢)) Layer 1 (g,) Layer 1 (¢;)

q . . q . _ _ 4
27er T 2me,n 27Esr,

max max
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- 9 9 _ _4q

27er 27es 27esr,

indx

<
Ell' = 82"] = 83"2

» Tanr < r;<r, |i> £ > &6 > &

» Nune’e presaun masimu
hanesan 1ha permittivity aasliu
presiza atu rai tha superfisie
konduktor nian.

\
. N r R
V=Eu |rin - +5In 2 +r In volt

r i r

Kapasitansia Grading

Sein grading Ho kapasitansia grading
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Intersheath Grading

» Metal Sheaths iha radii

E r, no r, nebe rai tha
potensial V| no V, uza

transformador ausiliar.

0
r
Layer 1 (V) Layer 1 (V) Layer 1 (V)
S A N I Ml - N
max r ln (r|/r) max f| ]n (rz/r,) max '_2 ]n (R/I':)

Intersheath Grading

» Tan material hanesan, presaun masimu mos hanesan.

V - V2 - V2 - V] - ‘,l
rin (r/r) n In (r/R) r In (R/r)
/’//

///

//

{ // \ \

PR )

\ A ! //

\\ \\ ///// e //

N

Sein grading Intersheath grading
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Intersheath Grading

0 kV 0 kV
33KV
N\ 66 kV

Sein grading Intersheath grading

Grading hosi Fiu

> Jencralmente la uza ba razocns tuirmai:

» Non-availability hosi material variadade materiais
permittivity

> Mudansa tha permittivity ho tempu
» Estragu hosi intersheath durante fiu cable laying

» Korenti karega liuhost intersheath bele estraga fiu tanba
overhcating

> Resonance tanba kapasitansia fiu no induktansia
transformadores
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Dielétriku Losses ka Loss Tangent

Enerjia lakon iha rezisténsia leakage

/ P v?
! R
¢ R .
3 °  ba angle ki’ik &
ln 8 =tan & = sin & = sin (90 - ¢) = cos ¢
Hosi diagrama phasor
/
VIR, tan & = Vo tan §
VaoC R,

Tan ne’e, dielétriku enerjia lakon:

P, = V2o C tan § = V@ (8 watt

Loss Tangent hosi Materiais Diferente

Material Tan &
Impregnated Paper 0.01

Oil filled paper insulation 0.004
PVC 0.1

XLPE 0.0004

» Angle lakon depende iha temperatura.

» Roughly nia tuir ‘V’ kurva, i.e. Angle lakon sei
minimu iha temperatura natoon.
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Topiku Seluk

» Avaria iha Fiu Isolator

» Intrinsic Avaria ka Kuak (puncture):
» Thermal Avaria:
» Tracking:

» Sheath no armour lakon

Sistema Fiu Underground

Classroom Lesson (Power) —266— Tetum

2013/10/9

130



-- ENERJIA --

AN B W N

O Co

Silabus

Konteiddu
Introdusaun
Fstasaun Fnejia (Diesel)
Subestasaun
Sistema Tranzmisaun and Distribuisaun
Estudu Sistema Enerjia
Analiza Korenti Fnerjia (Power Flow Analysis)
Fnerjia Renovavel (Enerjia Photovoltaic)
Sistema Protejementu
Sistema Operasaun no Kontrolu Fnerjia
Selukseluk

Kontetidu bele muda depende ba kondisaun.
Ha’u hakarak diskute kona-ba kontetidu ho Sr. Miguel no ITA.
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VII. ESTUDU SISTEMA
ENERJIA

VII. ESTUDU SISTEMA
ENERJIA

INTRODUSAUN
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Introdusaun

~ Sistema Enerjia iha divizaun importante tolu viz. Produsaun,
Tranzmisaun no Distribuisaun. Sistema Tranzmisaun liga entre
¢stasaun produsaun no sistema distribuisaun sira. Sistema
distribuisaun liga hotu lifias tranzmisaun iha subestasaun sira.

~ Sistema ¢létriku AC dezenvolve iha tinan 1885 iha US. To’o tinan
1917 sistema hirane’¢ opera nafatin hanesan unidades individu. Ho
karga aumenta no aumenta iha reklamasaun ba reliabilidade
interkoncksaun entre sistema besik sira estarta aumenta ba dadaun.

~ Interkoncksaun ckonomikamente {6-vantajen tanba mesin uitoan
presiza hanesan rezerva (rezerva kapasidade) ba opersaun hodi foti
kargas no mesin uitoan la’o sein karga (rezerva spinning) mak
presiza atu kuidadu karga nebe derepenti aumenta.

Introdusaun

~ Maibe interkoncksaun lori problemas foun barak. Nia aumenta montante
korenti nian ne’ebe suli bainhira sirkuita badak mosu iha sistema ida,
ne’ebe presiza instalasaun hosi breakers hosi kapasidade aasliu rahun.
Disturbu mosu hosi sirkuitu badak iha sistema ida bele kosec ba sistema
interkoneksaun anaunserke sistema protesaun prépriu nebe prepara iha
pontu interkoneksaun nian. Satdn, mesin synchronous hosi sitema ida
tenke iha pasu nafatin ho mesin synchronous hosi sistema interkoneksaun
sira seluk.

~ Nune’e klaru katak ba operasaun reliabel hosi sistem enerjia hotu iha leten
kofniesediu no lokaliza. Kofiesimentu ne’e hetan liuhosi estudus Sistema
Fnerjia, hosi partes ne’ebe mak —
1) Fstuda Fallansu
2) Fstuda Karga Korenti no
3) Estuda Fstabilidade
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VII. ESTUDU SISTEMA
ENERJIA
ESTUDU FALLANSU

Estudu Fallansu

~ Bainhira fallansu ida mosu, korenti imediatu suli (Konrenti
Sub-Transient) liuhosi clementu diferente hosi Sistema Encrjia
la hancsan ho ncbe suli habelar hosi korenti iha kondisaun
operasaun normal (Kondisaun Korenti Metin). Sclesaun hosi
breaker sirkuitu depende 1ha pozisaun partikular ruma, parte
ida hosi kapasidadc nominal kondisaun korenti metin, to’o

1) Korenti Sub-Transient ne’ebe breaker tenke reziste
2) Korenti Transicnt ne’ebe breaker tenke teri netik

Estudus fallansu determina korenti hirak nc’e ba tipus oioin
hosi fallansu 1ha fatin oioin hosi sistcm. Data hetan hosi
kalkulasaun fallansu nebe mos utiliza atu determina
manutensaun hosi relay sira.
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VII. ESTUDU SISTEMA
ENERJIA
ESTUDU KARGA KORENTI

Estudu Karga Korenti

Iha redi elétriku ida, enerjia suli liuhosi elementu
ruma depende ba diferensa sasukat no phase angle
hosi voltajen across elementu. Portantu mudansa iha
karga ka voltajen rasik ba alterasaun iha redi lidera
atu troka enerjia suli liuhosi elementu.

Liuhosi estudu idane’e, voltajen, corenti, enerjia ativu,
enerjia reativu no fator enerjia iha pontu oioin iha redi
nebe determina tha metodu oioin hosi operasaun
sistema enerjia. Estuda karga korenti esensial moés iha
planeamentu dezenvolvementu futuru alterasaun
sistema enerjia nian.

Classroom Lesson (Power) —271— Tetum



VII. ESTUDU SISTEMA
ENERJIA

ESTUDU ESTABILIDADE

Estudu Estabilidade

Bainhira jeraddr synchronous ida halai iha paraleru ho jerador es scluk,
produsaun enerjia depende ba —

1) Sasukat hosi ninia voltajen internu produs
11) Phase angle hosi voltajen ne’e w.r.t. voltajen produs hosi jerador es seluk
i11) Karakteristikas hosi redi

Bainhira mudansa iha karga ida mosu, jeradores hotu liga ba sistema sei
responde ba mudansa ho ajusta sasuka no ka phase angle hosi voltajen
produs. Estabilidade voltajen mak abilidade hosi sistema enerjia ida atu
mantein sasukat voltajen aseitavel metin iha buses hotu iha sistema liuhosi
kondisaun operasaun normal no hafoin nia sai ba distubansia ida.

Phase angles hosi voltajen produs depende ba posisoens relativu hosi rotors
mesin nian. Karik phase angle hosi votajen hirak ne’c jera troka
kontinuamente no progresivamente tuir sira seluk, satisfatériu opersaun sei
imposivel. Rator Estabilidade angle mak abilidade hosi mesin
nterkoneksaun synchronous atu sinkronizmu nafatin.
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VII. ESTUDU SISTEMA
ENERJIA

FALLA NSU SIMETRIKU THREE
PHASE IHA TERMINAL JERADOR

Fallansu Simétriku Three Phase 1tha
Terminal Jerador

Bainhira sirkuitu badak ida aplika ba terminal sira hosi jerador syncronous,
rezisténsia inisial ba fallansu korenti nebe ofere hosi rcasaun sub-transient
(Xy”) hosi mesin. Ho tempu nebe lao (siklus uitoan) reasaun armature lao
no revzisténsia foun ida aasliu nebe f6 hosi reasaun transient (X,) hosi
mesin. Karik kondisaun permite atu kontinua ba tempu balun tan (siklus
barak balun), resisténsia ba fallansu korenti aumenta liutan no oforese hosi
reasaun synchronous (X,) hosi mesin.

Hosi kofiesimentu hosi sudden energizing hosi series RL circuit ita hatene
katak depende ba switching kedas, DC ladirctamente komponente hosi
korenti nebe introdus no total korenti mak komponente AC superimposed
konaba komponente DC.

i={V .. 7}{sin(wtta —0)—eR T sin(a- 0)}

Devde voltajen phases nian hosi mesin three phase de/slokadu hosi 1209
hosi idaidak scluk, sirkuitu badak mosu iha pontus diferente iha gelombang
volatajen hosi phase idaidak. Ba rasaun idane’c. komponente DC korenti
nian diferente kada phase. Karik komponente DC korenti nian hasai hosi
phase idaidak, resultadu gelombang ba phase idaidak hanesan hatudu iha
kraik;
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Fallansu Simeétriku Three Phase 1tha
Terminal Jerador

Short Circuiting of Generator

Hosi leten ne’e klaru katak, sirkuitu badak iha teminal jerador lidera ba fallansu
korenti ne’ebe diminui ho tempu. Ba siklus primeiru uitoan, fallansu korenti
valér masimu no bolu nu’udar fallansu korenti sub transient akompana hosi
falansu korenti transient. Fallansu korenti kontinuamente diminui to’o fallansu
korenti estavel bolu nu’udar kondisaun metin fallansu korenti nebe to’o. baseia
ba estudu objetivu, relevante reasaun no ne’e-duni relevante fallansu korenti
nebe konsidera.

VII. ESTUDU SISTEMA
ENERJIA

SISTEMA PER-UNIDADE
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Introdusaun

» lha sistema enerjia iha elementus diferete
barak hanesan Motores, Jeradores no
Transformadores ho medida oioin no valores
nominal.

» Atu bele kompara lala’ok hosi elementu kiik
no boot, kada sistema unidade utiliza.

Reprezentasaun Sistema Enerjia

» Komponentes Fiziku iha sistema mak reprezenta
hosi modelu matematiku.

» Modelus matematiku hosi komponentes nebe liga
loloos maneira hanesan komponentes fiziku atu
hetan sistema reprezentasaun.

» Komponentes fiziku oioin iha ratings ka basis
diferente.

» Ne’e konveniente atu hetan reprezentasaun ho
respeitu ba baze baibain.
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Reprezentasaun Porsentu no Per
Unidade

» Num¢ériku valor per unit hosi kuantidade ruma
mak ninia ratio atu hili baze kuantidade hosi
dimensoens hanesan.

» Portantu kuantidade per unidade mak

normaliza kuantidade ho respeitu ba baze valor
nebe hili.

» Porsentu mak kuantidade per unidade
dikalikan dengan 100.

Vantajen

» lha sistema per-unidade hosi reprezentasaun, eskema
parameters baibain monu relativamente fixed range,
halo erroneous valores prominente.

» Transformadores ideal mak elimina hanesan elementus
sirkuitu. Rezultadu ne’e salva barak iha reprezentasaun
komponente no redus computational burden.

» Eskala voltajen liuhosi sistema enerjia nebe {6
relativamente taka atu unida iha sistema per-unit ba
operasaun sistema enerjia normalmente. Karakteristiku
idane’e prepara revista di’ak iha kalkulasaun.
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Baze Kuantidades(1)

» lha kalkulasaun sistema enerjia voltajen
nominal hosi lifias no ekipamentu kuaze
kofiesidu nafatin, tantu voltajen mak baze
valor koveniente ida atu hili.

» Aparente enerjia (volt-ampere) baibain nebe
hili hanesan baze segundu. Tha ekipamentu
kuantidade ne’e mak baibain hatene no halo
baze konveniente ida.

Baze Kuantidades(2)

» Opsaun hosi baze kuantidades rua ne’e sei
automatikamente hadia baze korenti nian,
impedance, no admittance.

» lha sistema estudu, baze volt-ampere bele hili
sai valor konveniente ruma hanesan 100 MVA,
200 MVA, nst.
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Baze Kuantidades(3)

» Baze volt-ampere hanesan nebe uza iha partes
hotu hosi sistema. Baze voltajen ida iha parte

espesifiku hosi sistema mak selected arbitrarily.

Baze voltajen hotu seluk tenke relasiona ba
arbitrarily selected ida hosi turns ratio hosi
koneksaun transformadores.

Sistem Per Unidade(1)

» Sistema kuantidades enerjia hanesan voltajen,
korenti no impedance mak dalaruma espresa iha
per unidade ka porsentu hosi valores espesifiku.

» Kuantidades per unidade mak kalkula hanesan:

Actual Value
Base Value

Per Unit Value =
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Sistema Per Unidade(2)

» Per Unit Values

S = = ___JECL_ 7 = ‘Zq
pu S pu I pu V pu Z

base

» Conversion of Per Unit Values

Zl S \'5
TS

base base

base

Sistema Per Unidade(3)

» Baibain, aparente enerjia nominal (S) no
voltajen nominal (V) mak foti nu’udar baze
valores ba enerjia (S, ,,.) no voltajen (V)

» Baze valores ba korenti (I, ,,.) no impedance
(Z,,s.) bele kalkula bazeia ba baze volores rua
primeiru.
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Sistema Per Unidade(4)

y4
Z, =—22 x100%

Z

» Porsentu impedance

base

» ¢.g. 1ha jerador synchronous ida ho 13.8 kV hanesan
nini voltajen nominal, instead of saying the voltajen
mak 12.42 kV, ami hateten voltajen mak 0.9 p.u.

Per Unit itha Sirkuitu 3phase(1)

» Simplifika:

» Preokupasaun konaba utiliza phase ka lina voltajen

mak hasai iha sistema per-unidade

> Valores real hosi R, X no X, ba lifias, cables, no

ekipamentu elétriku seluk tipikamente valores
phase

»Ne’e konveniente atu 1ha termus hosi baze VA
(baze volt-amperes)
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Per Unit iha Sirkuitu 3phase(2)
» Baibain, 3-phase S ka MVAg no lifia-ba-lina
Vi ka kVg nebe hili
» Iz no Zg dependente iha Sz no Vg

S, =3V, V,=\B1,Z,

2
“[B :; ZZB — V} /\/g-::(pa?)

_ B
NCY I, S,

Mudansa hosi Baze(1)

» Impedance hosi individu jerador &
transformdor, jeralmente iha termus
porsentu per unit bazeia ba sira nia ratings.

» Impedance hosi lifia tranzmisaun iha valor
ohmic.

» Bainhira parte ekipamentu nian ho ratings
oioin diferente nebe liga ba sistema ida, ne’e
nesesariu atu konverta impedances ba valor per
unit nebe espresa iha baze hanesan.
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Mudansa hosi Baze(2)

old gl 1d
77, be the per unit impedance on the power base Sy

& voltage base V3

z S ]
Z = —Q = 73 [ Z @
old old ¥ Q
Zs ( (VB “ )

Z " be the new per unit impedance on the new power base S

new

& new voltage base V,

Mudansa hosi Baze(3)

»Hosi (1) no (2), relasaun entre valor per unit
tuan no foun

new old
Znew — Zo/d SB VB

pu pu old new
SB VB

» Karik baze voltajen mak hanesan,

new
new __ r~zold S B

pu pu So]d
B
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General Relations Between Circuit
Quantities

Y —Connection

Vi VL300 N, V30

T, J3 S, S,
A—Connection
L,A30 v, 5,30
Bz, W,
Vi  N3,2-30 V3, ;230

Lp=—"" :\/§Vu‘4730"* -

! D / L S3¢ S3¢

/

Baze Konversaun

2
7 7 * MVAbase(new) * KVbase(o/d)
pu(new) ~— “ pu(old) 2
MVAbase(old) KVbase(new)
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Ezemplu Ida: Baze Konversaun

» A 50-MVA, 34.5:161 kV transformador ho
10% reactance liga ba sistema enerjia iha
ne’ebe valores impedance seluk hotu iha 100

MVA, 34.5 ka 161 kV base. Reactance hosi the

transformdor 1ha baze foun mak:

2

100 . AV oo
Zpu(new) = 01* * bz o) = 02
50 KV,

base(new)

Ezemplu Rua: Baze Konversaun

» Jerador no transformadoér, hanesan hatudu iha kraik
atu konjunta ba single equivalent reactance itha 100
MVA 110 kV (high voltage side) base.

Bus = Bus
O [ } ] E—-D—+-D——‘ System
Transformer
25 MVA 30 MvA
xv 4.2:115kv
——-— operating on 3.9 ki
x ]
25 s \\ Tap Where Xq = 10t
{ equivatent
\ Teource )————>Sys:em
\ /

Xeg = 151.43% = 1,154 pu on 100 MVA, 110kV Base
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Vantajen Sira(1)

» Signifik tebes bainhira kompara nivel voltajen
diferente sira

» Per unit ekivalente impedance hosi
transformador hanesan nafatin bainhira refere
ba parte primariu ka sekundariu mos.

» Per unit impedance hosi transformador iha
sistema three-phase hanesan, nune’e mos
koneksaun winding

Vantajen Sira(2)

» Manufaturas baibain espesifika impedance
ckipamentu nian iha per unit ka porsentu iha
baze hosi ninia nameplate ratings

» Per unit impedance valores hosi ratings oioin
hosi ekipamentu monta iha narrow range
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Vantajen Sira(3)

» Sirkuitu transformador ekivalente bele

simplifika ho espesifikasaun baze kuantidades
didi’ak.

»F6 idea klaru hosi eskala relativu hosi kuantidades
oioin hanesan voltajen, korenti, enerjia no
impedance.

» Evita posibilidade hodi halo kalkulasaun sala sériu
bainhira refere kuantidades hosi parte
transformador nian ida ba seluk.

Vantajen Sira(4)

» Per-unit impedances ekipamentu elétriku nian
hosi tipu hanesan baibain monta iha narrow
numerical range laran bainhira ratings
ckipamentu utiliza nu’udar baze valores.

»Manufaturas baibaib espesifika impedances hosi
mesin no transformador iha per-unit ka porsentu
tha nameplate rating.
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Vantajen Sira(5)

» Leis sirkuitu validu iha sistemas per unidade,
no enerjia no ekuasaun simplifika dezde fator
V3 no 3 elimina ona iha sistemas per unidade.

»ldeal hodi informatizadu analiza no
simulasaun hosi problemas kompleksu sistema
enerjia.

VII. ESTUDU SISTEMA
ENERJIA

KALKULASAUN HOSI FALLANSU
KORENTI IHA REDI IDA
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Bainhira fallansu ida mosu iha redi ida, fallansu korenti determidu ho
1) internj emfs (electromotive force) hosi mesin sira iha sistema,
ii) sira-nia impedances

ii1) impedances iha redi entre fallansu no mesin sira

W=Ey 2 Zy -

Alternativamente Fallansu MVA = Base MVA  PU Impedance.

Ezemplu

Ba redi nebe hatudu iha kraik, hetan fallansu korenti, voltajen iha primariu
terminal hosi transformador no terminal jerador sira ba fallansu simétriku threc
phasc iha pontu F. més hetan kontribuisaun hosi fallansu korenti hosi jeradéres.
Ignora impedances hosi linas.

JO Yo
N
N // 75 MVA C3wkY X (%
VAN
\/ /
SN L7
A4 x/

25 MVA Xq 28%
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Solusaun SORINA, NE%

Let us choose Base MVA 5 (/G‘\

The new Per-Unit impedances o o THava 12985 > =10%

the elements on new Base 0~ S MVA are ( 0 \

as under: . LS L//v
Xy of Gl 0.25*% 550 0.3 Spu (& )——
Xy of G2 0.25% 525 0. 50pu siva g

X of transformer 0.1 pu
Reactance diagram o “the system is as under

— %
—p 0 Spu 01pu

Reference Bus

M

0.35p

Re e e ce Bus
Fault MVA 5 035 214MVA
Fault Current 214 * 1000 (A\3*69) 1.79kA
Fault Current a PU/ 1 035PU
Fault Current 2.85 PU
2.8 5%¥1\3* 5%1000 69
1. 9k

Kalkulasaun fallansu hosi metodu deskreve to’o agora laborious & time
consuming ba redi real ne’ebé boot no komplikadu iha natureza.

Tha ne’e ami sei dezenvolve metodus ba formasaun hosi redi ekuasaun
sira.

Mai ita konsidera redi tuirmai (Impedances on same base)

Xs= 115% Xs= 115% Q Xs= 115%
/ ™~

Z= 10% YN z=10% N z= 10%
N -

3 » 3

25% 40%
20% 12.5% 20%
4

{Single line d agram)
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{ %= 115% Xs= 115% O Xs= 115%

|

L/

j0.25

4

(Reactance d agram with P.U. val es

hnical Assistance Team

Troka fonte voltajen no scrics impedances hosi fonte korenti ckivalente no
shunt admittances (shunt admittance = 1 series impedance)

. |

- 10.8 I
l - j0.8 (va) (\ NS > - j0.8 (¥c)
1N 2 N N ]

- 5.0 (Yd) -35(¥f)
-j2.5(ve)

| —

(Adm ttance Diagram w th P.U. values)

JICA Technical Assistance Team
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Applving Kirchoff’s current law at Bus 1
I VY, (V-V)Y, (V-V Y,
VY, Y, Yo VoY, VY,
Y, Y, Y, Self adm ance of Bus 1 Sum of all admittances connected to Bus Y
-Y, Mutualadm ancebeweenBus1&2 Y _
-Ys Mutual admittance between Bus 1 & Y
0  Mutual admittance between Bus 1 &3 Y
Hencel Y V Y ,V, Y, ,V3 Yl V

The general equation m Matrix form 1s

. Lo Yo Yo Yy -
= Y Y Y.a 2 l l
3 3 Y Y Y a 3 IJ - 0.8
- J0 8 (va) ) < j08(ve}y
Yoo Ys o Ya \9 ? QD#‘” D*
I

ve [T =]

Iy v 1.0 (¥g) “j2.5(vb)

350 (vd) J2.5ive S0
Premultiplyiig both sudex by ¥ -1 >
A ¢ s [ zbus [{as Yt\us ! Zbu) h
In Matnx fons., (Admittance Diagram with P.U. values)

Zn 213 Z1 Z1a

- Zay Z32 Zn Zas

3 Zn Zyn 2 Z34 3
2y Zi2 Zsy3 Zs

4

Z Bus

VII. ESTUDU SISTEMA
ENERJIA

UZA HOSI BUS IMPEDANCE MATRIX
THA KALKULASAUN FALLANSU
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Ita agora atu simulasi fallansu simétriku three phase tha Bus  host ita-ma red1. Hanesan 1ita-ma objetivu atu
deskobre subtransient fault current, ami se1 troka svnchronous reactances hos1_erador subtransient reactances no
no karga prodis volta en hos1 sub transient volta en mternu host mesm hanesan okos. Husik voltagen hos Bus

beV

Reference Bus

- / \ e b
AN
10.2 10.2 )
\'
0.1 jo.1 jo
3 2
0.25 jo.4
j0.2 j0.125 jo.2
v - 4

hnical Ass stance Team

Ami agora atu troka reactances hos1 admttances hanesan 1ha kraik no
simulasi short circunt ho ligasaun - V. n series with V. Let the fault
current be [ 7

-
-13.33 53.33 3333
IfF",F",E and V RV current
entering at Bus 415 —
Hence our Matnx eq -
V.’ :]_

0 -12.33 0 4.0 s.0 A
0 = 0 -10.83 2.5 5.0 Vo' 125
0 4.0 2.5 -17.83 8.0 Vi | gs0 -15.0
ity 5.0 5.0 5.0 -18.0 - Vg
(I= Yoy V)

Where V17, V27 and V3’ are the change n voltages due to fau .
JICA Technical Assistance Team
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Premultiply both sides by Ybus™,

A 0
V2! = Zy 0
Vy' 0
-vf -l
0.1488 0.0651 0.0864 0.0978
0.0651 0.1554 0.0799 0.0967
Where Zhwe = 0.0864 0.0798 0.1341 0.1058
0.0978 0.0967 0.1058 0.1566
Zyy Z, 213 Z1s o
= Zn Z. Zay Zas "]
Z3 Z Z33 23z o}
Za Zaz Zaz Zas -If"

Therefore -V Z X (I7)

Therefore [” V Z  foroursvstemI” 101566 638P

Similarly

V' OATXZ Yy ITX7Z, V7 T X 7,

Norma v, while studving fault, the network 1s considered offloaded and the prefault voltage of all buses inc uding
fau ted bus s considered 1 P

Hence pos fault voltage of buses are

vV V. V® 1 I7Z, (1-6380.0978)PU 0376P

V, V. Vy 1 I7Z,, (1-6380.09 )PU 0383 P

Vi VOV 1 I7Z, (1-638 0.1058)PU 032 P

vV, V.V 0

Current 1 any part of the network can be found out from the post fault voltages of the buses and relevan e emen
of Y

Hence the curren be ween Bus 1 & Bus 3 dunng a faulta Bus4=(V -V )XY

VII. ESTUDU SISTEMA
ENERJIA

KOMPONENTES SIMETRIKU
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Theorem : Any set of n unbalanced vectors can be
resolved to n sets of balanced vectors.

Va
o b0 Ve

a » > b
A\
A
/ A A \\
Va Vi
Vo~ Vay+ Vo + Vg

Vi Vg + Vi + Ve aV, +aV,, + Vy,

V= Vi+Ve +V  =aV,+aV + Ve

Therefore in Matrix form

JICATec ¢ Assistance Team

Se uence network of unloaded generator

i= " v

Ve Va= o« IaZ,
9 N
e

Positive Seq ence

» la

Vi 1=0- L2
| = -laix

: Ty
’ [
i Negative Sequence
ﬁ—' Two
]
i’

a2 Vo=0-laZe
3z, = ~lpce
— v
f{\zw—v I

= Zero Sequance

18 6 2013 JICA Technical Assistance Team
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Unsymmetrical faults
Regardless of tvpe of faults on unloaded generator

Vo [ Z 0 0 Lo

Vo = |E - |0 Z 0 o

Va2 ] [e] 0 Z a2
Single line to ground fault on unloaded generator

Iso 11 1 1 »

I = a a Iy

Taz 2 I

Let us consider that there 1s a single hine to ground fault in phase “a”
I'herefore V=0,1=01=0

Hence Lo 11 1 1 L
I = 1 a 3
Lz 31 a? a

Therefore 1w = 1/3L, Lu= 1/3L, in = 1/31,

Vo 0 Z, o o] [i.
Va| = |&| -0z af j1,
V2 o 0 0 | |

Vo= ~luZo, Va=E-1nZi . V2= - Ia 2z

oo

Vg + Vo * Var = By~ Lu(Zo+ Zi+ 2) =V = 0

Hence L -E 2+2Z+2 L= 30, Bl
Hence all the sequence networks are
Z Zy Zo

m ser es for a single line to ground fau . X ) :

Reference Bus

hnical Assistance Team

JICATechn'e  Assistance Team
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-- ENERJIA --

10
11
12

Silabus

Konteiddu
Introdusaun
Fstasaun Fnejia (Diesel)
Subestasaun
Sistema Tranzmisaun and Distribuisaun
Estudu Sistema Fnerjia
Analiza Korenti Enerjia

Estabilidade Sistema Fnerjia

Kontetdu bele muda

depende ba kondisaun.

Ha’u hakarak diskute
kona-ba konte(idu ho
Sr. Miguel no ITA.

Fzemplu hosi Analiza Sistema Fnerjia (Uza PSS F)

Fnerjia Renovavel (Photovoltaic Power)
Sistema Protejementu

Sistema Operasaun Fnerjia no Kontrolu
Selukseluk
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VIII. ANALIZA KORENTI
ENERJIA

VIII. ANALIZA KORENTI
ENERJIA

INTRODUSAUN
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Introdusaun

Sistemas enerjia tipikamente 1a’o ho neineik troka kondisoens ne’ebé
bele analiza utiliza steady state analysis. tan, sistemas tranzmisaun la’o
ho balansu ka kondisoens besik balansu permite per-phase analysis
hodi utiliza ho konfidensia grau aas iha solusaun. Analiza korenti
enerjia kompusionalmente modela kondisoens hirek n¢’e no prepara
pontu estartamentu barakli ba analiza sira seluk. Ezemplu, sinal no
cfeitus estabilidade transicnt hosi distubansia nebe iha dramatikamente
afeita hosi “pre-disturbansia” kondisoens operasaun hosi sistema
enerjia. (disturbansia rezulta iha inestabilidade liuhosi kondisoens
sistema karga todan bele laiha efcitus adversa ruma liuhosi kondisoens
karga kmaan.) Adisionalmente, fault analysis no transient analysis bele
impaktu hosi “pre-disturbansia” pontu operasaun hosi sistema enerjia
(maski, sira baibain afeita lahanesan transient stability no small signal
stability analysis).

Problema Korenti Enerjia

~  Analiza korenti enerjia mak estudu fundamental sistemas enerjia nian forma bazes ba analiza sira
seluk. Analizas sistema enerjia hala’o papél ida 1ha planeamentu hosi adisaun ka espansaun sira ba
tranzmisaun no fa fasilidades jerasaun hanesan estabelese pontu estartamentu ba tipus barak seluk
analiza sistema enerjia. Tha adesaun, analiza sistema enerjia no ninia estensoens barak mak esensial
ingrediente hosi estudu nebe hala’o tha operasoens sistema enerjia. Tha kazu idane’e, ne’e iha
kontestu hosi kontijensia analiza no implementasaun hosi sistemas monitorizasaun real-time.

~ Problema sistema enerjia (also known as the load flow problem) bele deskreve hanesan tuirmai:

Fornesementu redi enerjia, nu’udar kargas kompleksu enerjia no jogu balun hosi
espesifikasoens ka restriksoens konaba jerasoens enerjia no voltajen sira, solusiona ba bus
voltajen sira lahatene ruma no jerasaun laespesifiku no finalmente ba korenti enerjia
kompleksu tha komponentes redi.

» Adisionalmente, losses tha komponentes individu no total redi hanesan tomak baibain kalkula.
Aleindisu, sistema dala barak revista ba komponente overloads no voltajen siraiha liur bele permite
toleransias.
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Ekuasoens korenti enerjia

Ekuasoens korenti enerjia reprezenta balansiu fundamental
hosi enerjia hanesan nia suli hosi jeradores ba kargas
liuhosi redi tranzmisaun. Korenti enerjia real no reativu rua
ne’e hotu hala’o papél importante hanesan hodi determina
propriadades korenti enerjia hosi sistem. Estudus korenti
enerjia lori sai tha planeamentu sistema enerjia no
operasoens i1ha industria. Ekuasoens korenti enerjia permite
kompusaun hosi eskalas voltajen bus no sira-nia phase
angles hanesan mos lifia tranzmisaun eskalas korenti
presiza hodi mantein to’o toleransia loloos hodi enkontra
rekerementus kualidade konsumidor no hodi prevene
overheating hosi linas tranzmisaun, respetivamente.

Nonlinear natureza

~ Defikuldade iha kalkulsaun solusoens korenti enerjia mosu hosi faktu ekuasoens
nebe mak naturalmente nonlinear tanba hosi balansio kuantidades enerjia nian.
Satan, medida boot hosi estudus enerjia involve resolve numeru boot tebes hosi
ekuasoens simultaneu nonlinear. Felizmente, interligadu natureza ladun barak hosi
redi enerjia refleta nia-an itha prosesu kompusasional, fasilitamentu kompusasional
algorithms.

~ lha ne’e, primeiru ami estuda problema simples korenti enerjia atu hare’e diakliutan
nonlinear natureza hosi ekuasoens korenti enerjia. Hafoin ami formula problema
korenti enerjia ba sistema enerjia boot.

~ Tuir, baibain hanesan iha eskola, solusaun metodu korenti enerjia klasiku bazeia ba
Gauss-Seidel algorithm sei estuda. Popular Newton-Raphson algorithm, ne’ebe
mak barakliu utiliza metodu korenti enerjia iha industria ohin loron, sei intrdus.

~ Maibe ha’u la intrdus algorithm iha ne’e. ha’u sei rai kopias hosi livrus balun,
depois koko atu lee.
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VIII. ANALIZA KORENTI
ENERJIA

EZEMPLU SIMPLES HOSI PROBLEMA
KORENTI ENERJIA IDA

Husik ita konsidera jerador single ida lori karga P jQ liuhosi lifia
tranzmisaun ho reactance x. jerador bus voltajen mak asume iha

voltajen rated no nia | per unit (pu). Jerador bus angle mak define
hanesan referensia phasor , no tan ne’e, Jerador bus voltajen phase

angle monta sai zero. Karga bus voltajen iha eskala V no phase angle 9.

Tanba lifia asume tiha ona sai lossless, nota katak jerador real power
output tenke hanesan ba real power load P. maibe, reativu encrjia sai
hosi jeradér sei sum hosi reativu load Q no reativu enerjia "consumed”
hosi lifia tranzmisaun reactance x.
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Mai ita hakerek ekuasoens korenti enerjia ba problema
idane’e. Given a loading condition P + jQ, ita hakarak atu
rezolve ba variaves lahatene, hanaran, bus voltage
magnitude V no phase angle 6. Ba simplisidade, ita sei
asume katak karga mak 1ha fator unidade enerjia hosi Q =
0. lina korenti phasor I hosi jerador bus ba karga bus
fasiliu kalkula hanesan:

10 V3§ '

I_-——;T——A (1) ‘

Tuir, kompleksu enerjia S lori ba karga bus bele kalkula hanesan:

L _ VIR +m/2) Vi4m/2)
- x x

§=vi

(2)
Tan ne’e, ita hetan ekuasoens balansu enerjia real no reativu :

Vsind VIg Veosd

and Q (3)
X

Hafoin tau Q 0 iha ekuasaun (3) ita bele simplifika ekuasaun 3) to’o ekuasaun
kuadratik iha V2 henesan tuirmai:

Vi v 4 P =0, (4)
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Tan ne’e, fo karga P enerjia real ruma, koresponde solusaun korenti enerjia ba bus
voltajen V bele resolve hosi ekuasaun (4). Ita nota katak ba valores karga nominal, iha
solusoens rua ba bus voltaje V, no sira mak roots positivu V2 iha ekuasaun tuirmai:

_ £ V1 — 4xip? (5)

-
-

2

Ekuasaun (5) implika katak iha solusoens korenti enerjia esiste rua ba valores karga P <
P ihane’ebe P | 1 (2x), nolaesiste solusoens enerjiaba P P . A kualitativu
plot hosi solusoens korenti enerjia ba bus voltajen V iha termus diferente hosi kargas
real enerjiaP hutudu iha Figura.

Qualitative Plot of the Power-Flow Solutions

Qualitative Plot of the Power-Flow Solutions
Hosi plot no hosi analiza sira dook, ita bele halo observasoens
tuirmai:

1. Dependensia hosi bus voltajen V iha karga P nonlinear tebes.
Ne’e posivel ba atu kalkula solusoen korenti enerjia
analitikumente ba sistema simples idane’e. Tha sistema enerjia
boot ho jeradores atus ba atus lori enerjia ba kargas atus ba atus,
ita tenke rezolve ba bus voltajen atus ba atus no sira-nia phase
angles hosi monta par boot hosi from large coupled sets of non-
linear ekuasoens korenti enerjia, no kalkulasaun mak servisu
nontrivial 1da.
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Qualitative Plot of the Power-Flow Solutions

2. Multiplika solusoens korenti encrjia bele eziste hosi espesifika

kondisaun karga. Tha Figura, eziste solusoens rua ba karga ruma P<P_, .

Entre solusoens rua, solusaun iha lokus leten ho voltajen V besik 1 pu
konsidera solusaun nominal. Ba solusoens iha lokus kraik, bus voltajen
V bele la aseitavel tun ba opersaun normal. Solusaun voltajen hatin
presiza lifia korenti aasliu atu lori karga espesifiku P, valores lifia korenti
bele sai la aseitavel aas. ha jeral ba kondisaun karga espesifiku ruma,
ami hakarak atu lokaliza solusaun korenti encrjia ncbe barakliu aseitavel
valores voltajen nian no korenti entre multiplika solusoens korenti
enerjia. Tha sistema enerjia boot, bele eziste numeru boot tebes hosi
posivel solusoens korenti encrjia

P

Qualitative Plot of the Power-Flow Solutions

3. Dala ida bus voltajen V kalkula ona hosi ekuasaun (5),
bus voltajen phase angle 6 bele kalkula hosi ekuasaun (3).
depois, lina korenti phasor I bele rezolve hosi ekuasaun (1).
Espesifikamente, ami hakarak garante katak eskala hosi
lina korenti I kontinua iha thermal okos limita hosi lifia
tranzmisaun hodi prevene pontensial estragu ba lina

tranzmisaun karun.
(5) (3) (1)

v -V si —y? / cos ] v
_l:i:\/ — p Vsind and O ! +\L058‘ I 0 8.

i 2 v X ja
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Qualitative Plot of the Power-Flow Solutions

4. Solusoens korenti encrjia bele falla atu eziste iha kondisoens karga aas
henesan bainhira P> P, iha Figura. Valor karga P_,, ne’ebe ultrapasa
solusoens korenti enerjia la bele eziste bolu static limit iha literatura
enerjia. Tanba solusoens korenti encrjia signifika kondisoens operasaun
steady-state iha ita-nia formulasaun, falta hosi solusoens korenti ¢nerjia
implika katak ne’e la posivel atu transfere enerjia hosi jeradér ba karga
iha steady-state fashion no interasoens dynamic hosi jeradores no kargas
sai signifikativu. Operasaun sistema encrjia iha kondisoens karga
ultrapasa static limit bele lidera fallansu catastrophic failure hosi sistema.

VIII. ANALIZA KORENTI
ENERJIA

FORMULASAUN PROBLEMA
KORENTI ENERJIA
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Al

Complex Power Balance at Busi

Tha ne’e, ami sei konstrui ekuasoens korenti enerjia
tha maneira estrutura utiliza admitansia matrix Yy
reprezentasaun hosi redi tranzmisaun. admitansia
matrix Y, mak asume hodi hatene kona-ba sistema
liuhosi konsiderasaun. Mai ita heree uluk iha balansiu

kompleksu enerjia itha bus ruma, hatete bus I, 1ha redi.

Balansu ekuasaun enerjia fo hosi:
S, - V,I: - S(; S (6)

Al

Complex Power Balance at Bus i

S-VI -5, S (@
Mai ita indika vector hosi bus voltajen sira hanesan V, no
vector hosi bus injesaun korenti sira hanesan 1, .. Ho
definisaun, admitansia matrix Y, prepara relasaun [, =
Y45 Vipus- Hanoin ith ka jth entrada Yj; hosi Ybus matrix iha
magnitude Yij no the phase "Yij. Depois, ita bele simplifika
korenti iniesaun I; hanesan:

1 ZYV Z)’V 8,+vy 1t (7)
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Depois, kombina ekuasoens (6) and ( ), ami hetan balansu ckuasoens
kompleksu enerjia hanesan:

$,=8:-S8,=> Y,V (8 5 v, (8
!

Foti real no partes imajinariu hosi ckuasaun kompleksu (8) f6 ami ekuasoens
korenti enerjia reativu no reél ba redi:

Pi—Pc P =3 Y, VVicos(d B y,). (9)

QG Q Q Y vvvsin(s,-5 y) (10)

Jeralmente ko’alia, ami-nia nia objetivu tha seksaun
idane’e atu rezolve ba medida voltjen bus V. no phase
angles o, bainhira jerasoens enerjia no kargas espesifiku.
Ba sistema enerjia ho N buses, tha 2N numeru hosi
ckuasoens korenti enerjia. Iha bus idaidak, itha variveis
neen: P., O, P,, O,, V, no ;. Depende ba natureza bus
nian, hat hosi variaveis hirak ne’e sei espesiku tha bus
idaidak, falta variaveis rua lahatene 1ha bus idaidak. Ita sei
remata ho 2N variaveis lahatene relasiona ho 2N
ekuasoens (9) no (10), no ami-nia objetivu 1ha sira seluk
hosi seksaun idane’e atu dezenvolve algorithms hodi
rezolve problema idane’e.
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Mai ita konsidere simplesmente karga bus uluk,
ne’e, ho Pg; = Qg; = O. Tha kazu idane’e, kargas
P,. no Q;; asume hodi hatene tantu hosi
measurements ka hosi estimasaun karga, no

variaveis voltajen bus V, no 9, variaveis lahatene.

Simplesmente karga busses ho laiha apoia
jerasaun bolu PQ busses iha estudus korenti
enerjia tanba injesaun enerjia redl P, no enerjia
reativu Q, espesifika tiha itha busses hirak ne’e.

Tipikamente, kada jerador 1ha sistema konsiste hosi tipus rua
hosi kontrolus intérnu, ida mantein produsaun enerjia real hosi
jerador no seluk hodi regula medida voltajen bus. Tha estudus
korenti enerjia, ita baibain asume katak mekanizmu kontrolu
rua ne’e hotu opera perfeituliu no nune’e produsaun enerjia
real Pg; no V; mantein 1ha sira-nia valores espesifiku. Again
variaveis karga P;; no Q;; mos asume atu hatene. Ne’e husik
produsaun jerador reativu Qg; no voltajen phase angle 9,
hanesan variaveis rua lahatene ba bus. Iha termus injesoens,
injesaun real enerjia P; no voltajen bus V, depois variaveis
espesifiku; nune’e busses jeraddor normalmente indika PV
busses iha estudus korenti enerjia.
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Tha realidade, kontrolu voltajen jeradér hodi rai medida voltajen bus iha valor
espesifiku sai inativu bainhira kontrolu dudu ba estremu, hanesan bainhira
reativu produsaun hosi jeradér tantu sai aasliu ka tinliu. Voltajen idanc’c
kontrola limitasaun hosi jerador bele representa iha estudus korenti enerjia
hodi rai track hosi reativu produsaun Qg . Bainhira reativu jerasaun Qg, sai
bootliu duk¢ prespesifiku valér masimu hosi Qg ,, ka la’o tin duké
prespesifiku valér minimu Qg, ., reativu output nebe asume atu hadi’a iha
limitasaun valor Qg, ,, or Qg, ., respesifikamente, kontrolu voltajen, dezavel
iha formulasaun; ne’e, reativu cnerjia Qg, sai kofiese variavel, tantu itha Qg,
or Qg, ., N0 voltajen V| depois sai variavel lakofiese ba bus i. tha terminolojia
korenti enerjia, ita hatete katak jerador iha bus I “to’o tiha ona ninia reativu
limitasaun” no, tan nc’c, bus i troka tiha ona hosi PV bus ba PQ bus. Tan
espasu limitasoens, ami sei la diskute limitasaun reativu jerador iha detalle
ruma iha ne’e.

Iha adesaun ba PQ busses no PV busses, ami mos presiza
atu introdus notion hosi slack bus itha formulasaun korenti
enerjia. Nota katak presiza konversaun enerjia nebe
produs enerjia real hosi jeradores hotu 1ha redi tenke soma
hanesan hosi kargas total enerjia real no lina losses tha
redi tranzmisaun:
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Lina losses asosiadu ho lifia tranzmisaun fila depende ba lifia
rezisténsia no medida lifia korenti. Hanesan afirma sedu liu, objetivus
importante ida hosi estudus korenti enerjia ma atu kalkula lifia korenti
no hanesan, valores lifia korenti nebe seidauk hatene iha kalkulasaun
korenti enerjia nian komes. Tan ne’e, ita la hatene valores real ba lifia
losses iha redi tranzmisaun. Hare’e tha ekuasaun (11), ita presiza atu
asume katak pelumenus hosi variaveis ida P, or P, variavel tenke livre
hosi satisfika konservasaun encrjia real. Tradisionalmente, ita asume
katak jerasoens ida nian mak variavel "slack”, no hanesan jerador bus
indika slack bus. iha slack bus, ita espesifika voltajen V, no angle §, rua
ne’e hotu. Injesoens enerjia P, no Q, mak variveis lahatene. Again, hosi
tradisaun, ami tau voltajen iha slack bus hodi klasifika voltajen ka iha 1
pu no phase angle sai zero.

VIII. ANALIZA KORENTI
ENERJIA

MANEIRA SELUK HODI
KOMPRENDE
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Ezemplu two-bus, hatudu iha Fig. 1, uza atu simplifika
dezenvolvimentu hosi ckuasoens korenti enerjia. Sistema konsiste
busses rua liga ho lifia tanzmisaun. Ida bele observa katak iha
kuantidades elétriku neen asosiadu ho bus idaidak: P, P, Qp, Qg,

V| no 6. Idane’e kazu jeral, itha ne’ebé kada bus presiza iha jerasaun
¢zijénsia rua ne’¢ hotu. Iha realidade, laos busses hotu sei iha jerasaun
enerjia. [dagrama impedance hosi sistema two-bus nebe hatudu iha Fig.
2. lifia tranzmisaun reprezenta hosi i-model no jeradér synchronous
reprezenta hosi fonte kotuk synchronous reactance. Kargas nebe asume
sai nafatin impedance ba kauza hodi reprezenta sira iha diagrama
impedance. Tipikamente, karga reprezenta hosi aparellu enerjia nafatin,
hanesan hatudu iha figuras subsequent.

Sen™ Lo iy
GE "t

RUS | Sy
o) ie
v
Load |
S P =i0m

FIG.1 A two-bus power system.

FIG.2 Impedance diagram for the two-bus power

system. FIG.3 Bus powers with transmission line

n-model for the two-bus system.
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Fig. 3 hanesan Fig. 2 maibe ho jerasaun no demand bundled hamutuk atu reprezenta
“bus power,” ne’ebe representa injesoens enerjia bus. Enerjia Bus define hanesan

5 -5~ Sp = (P, Py + @, Q, ()
and

S =8, Spm—-Ps Py yQn Q)
Also, injected current at bus 1 is

S (3)
and injected current at bus 2 is
=1~ 4
All quantities are assumed to be per unit. Then, since
S VI =P —j0 — VL = (P, ~jO)~ VI (5)
and
S$5=VI =P -0 =V =P —jQ1=ViL (6)
Bus Bis
powner power

FIG.4 Current flows in the network model.

Let us define current flows in the circuit as shown in Fig 4 Therefore at bus 1

L =T+

\}l}’; e A

I=(p+ WV~ (-y¥ 7

S =YV R YLV (8
where ¥ 3 sum of admittances connected atbus 1 v ¥ 9
¥ .3 negative of the admittance between busses 1 and 2 = ~v 0
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Similarly, at bus 2
L+T

‘}:‘y} L (% = Ve

I y;\}, + (% + Yg)\}: (1)
L=Y.V + Y0 (12)
Y., A sum of admittances connected atbus 2 =1 —» 13)
¥, 2 negative of the admittance between busses 2and 1 — v — ¥ _ (1

Hence, for the two-bus power system, the current injections are

Y, Y v
I ! |V 15
L Yy Y | V.
In matrix notation
L, - ) 16

Sistema two-bus bele fasiliu hodi hanaruk ba sistema boot. Konsidera
sistema n-bus. Fig. 5a hatudu ligasoens hosi bus | hosi sistema idane’e ba
busses sira seluk. Fig. 5b hatudu modelus lifia tranzmisaun. Ekuasoen (5)
liuhosi (16) nebe mak rezulta ba sistema two-bus bele hanaruk agora atu
reprezenta sistema n-bus. Idane’e hatudu tuirmai.

i 4
Y Oy
— — Bus 2
I sz Ypiz ST
A A
lBus 3 Bus 1 Vi -
s 513
Bus 1 I » _ —— % Bus 3
~ 1
- R 1y i3 Ysil

A

b

Ya
— | Bas» — " ——I Bus
! 3

! -yp. ! L ol

FIG. Sa Extending the analysis to an n-bus system. FIG. 5b The n-model for the n-bus system.
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“\7’,)‘,,_~V)' +>->f\},)p + (Vv '\}.."::““ V,~\};))‘_+----‘-

(V) ~ Uy,
T TNt R Ty T E Y s,V Y
N A
i-l Y 1\}| Yy \}. + ¥ \} e Yy \} 18)
h L T N e A T R T o R R
sum of all admittances connected to bus 1
Yo=—vgauVy=—y 7V =1,
S-Sy v -
Also, extending the power Eq. (5) to an n-bus system,
P —4Q -V I, -V*SY Vv
Equation (22) can be written for any generic bus i:
PojO V.YV i L2, ..n (23)

I quation (23) represents the nonlinear power-flow equations. Equation (15) can also be
rewritten for an n-bus system:

I Y v .. ¥,V
I Y Y. . Y ||V
Iﬂ Y Y’L N Yr‘n Vr.
or
L =Y )
where
LT N Y
Y, Yo .. Ya ) )
Y - S * | =~ bus admittance matrix (26)
YX’J‘.

Classroom Lesson (Power) —351— Tetum

2013/10/9

18



TABLE 1 Bus Classifications

Sg by 0

v Sp — 0,

FIG. 6 A generic bus.

Bus classification Prespecified Unknown
variables variables
Slack or swing VL8P On P.Q
Voltage-controlled VP, Pp O yQ
Load Pe. Q. Pix O Vo

Mai ita foti generic bus hanesan hatudu tha Fig. 6. hanesan mesiona tiha ona, kada bus iha

kuantidades neen ka variaveis asosiadu ho nia. Siramak V8, Pg, Qg, Pp, no Qp. Asume katak iha

busses n 1ha sistema, ne’e sei sai total hosi variaveis 6n.

The power- lTow "q. (23) bele rezolve to’o partes real no reativu hanesan tuirmai:m

P =Ry VI

o ~lma V*IYV

Nune’e, iha ekuasoens 2n no variaveis 6n ba sistema n-bus. Bainhira laiha solusaun iha kasu
ne’e, variaveis 4n itha prespesifiku. Baseia ba espesifikasoens, ita bele klasifika busses agora

hanesan iha Tabela 1.

!

[ P NN

(’)

3
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-- ENERJIA --

O o~ Y W B W N

—_ = =
N - O

Silabus sei troka

Konteadu
Introdusaun
Fstasaun Fnejia (Diesel) KonteQdu bele muda
Subests depende ba kondisaun.
ubestasatn Ha’u hakarak diskute
Sistema Tranzmisaun and Distribuisaun kona-ba kontetdu ho
Fstudu Sistema Fnerjia Sr. Migucl no ITA.

Analiza Korenti Fnerjia

Estabilidade Sistema Enerjia

Fzemplu hosi Analiza Sistema Fnerjia (Uza PSS F)
Fnerjia Renovavel (Photovoltaic Power)

Sistema Protejementu

Sistema Operasaun Fnerjia no Kontrolu

Selukseluk

Classroom Lesson (Power) —353— Tetum

2013/10/9



IX. SISTEMA ESTABILIDADE
ENERJIA

IX. SISTEMA ESTABILIDADE
ENERJIA
DEFINISAUN & KLASIFIKASAUN HOSI

SISTEMA ESTABILIDADE ENERJIA
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Overview

» Sistema enerjia define hanesan redi ida ka liu hosi
unidades produsaun, kargas no linas tranzmisaun
inklui ekipamentus asosiadu nebe liga ba nia.

» Estabilidade sistema enerjia mak ninia abilidade atu
dezenvolve restroring forces hanesan ka bootliu duké
disturbing forces atu mantein state of equilibrium.

» Problema sistem estabilidade enerjia hetan pronunsia

barak iha kazu interkoneksaun hosi redis enerjia boot.

Definisaun

Estabilidade sistema enerjia mak abilidade
sistema enerjia elétriku nian ba kondisaun inisial
operasaun nebe {0, atu hetan fali kondisaun
operasaun nian ¢kilibriu hafoin nia submete ba
disturbansia fiziku, ho sistema variaveis barakliu
haksoit nune’e pratikamente sistema hotu sei
tomak nafatin.
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Presiza Estabilidade Klasifikasaun Nian

» Analiza estabilidade fasiliu. M6s nia dirije diak
no komprendesaun efetivu hosi diferensa sistema
inestabilidades enerjia.

» Fatores importante nebe dirije ba inestabilidade
bele fasiliu identifika.

» Metodus bele planeia hodi promove estabilidade
sistema enerjia.

Klasifikasaun Estabilidade Sistema
Enerjia
» Estabilidade Rotor angle.

» Estabilidade disturbansia angel ki’ik.
» Estabilidade Transient.

»~ Estabilidade voltajens.

»~ Estabilidade disturbansia voltajen ki’ik.
~ Estabilidade disturbansia voltajen boot.

» Estabilidade frekuensia.

~ Estabilidade termu frekuensia badak.
»~ Estabilidade termu frekuensia naruk.
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Klasifikasaun Estabilidade 1tha Glance

ida
Power System
Stability
Rotor Angle Frequency Voltage
Stabihty Stability Stability
Small Disturbance Transie Large- _Small-
Angle Stability Stabilt Disturbance Disturbance
Vo fage Stabil Voltage Stability
1 T 1 1
Short Term l Short Term | l Long Term ’
| Short Term ' Long Term l

Estabilidade Rotor Angle

» Estabilidade rotor angle refere ba abilidade
mesin synchronous nian hosi interkoneksaun

sistema submete

enerjia

disturbansias.

hafoin

nia

» Inestabilidade rotor angle mosu tanba angular

swings hosi jeneradores balun dirije ba sira-nia

loss hosi sinkronizmu ho jeradores seluk.

ba
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Estabilidade Rotor Angle(2)

» Depende ba abilidade atu mantein restore
equilibriu entre elektromagnetik torque no
mekaniku torque kada mesin synchronous nian.

» Tha ekilibriu, Input mekaniku torque hanesan
output elektromagnetik torque hosi jerador
1daidak. Konaba disturbansia ruma iha igualidade
leten la dirije ba aselerasaun deklarasaun hosi
rotors mesin nian.

Estabilidade Klasifikasaun Rotor Angle

» Estabilidade Disturbansia Ki’ik Rotor Angle:

»Ne’e abilidade sistema enerjia nian atu mantein
synchronism itha small disturbances.

» Disturbansias nebe konsidera sai sufisientemente
ki’ik hanesan ne’e linearizasaun hosi sistema
ckuasoens persivel ba objetivus analiza.

» The time frame of interest tha estudus estabilidade
small-disturbance regula hosi10 to’o 20 detik tuir
disturbansi.
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Estabilidade Klasifiksaun Rotor
Angle(2)

» Estabilidade Disturbansia Rotor Angle Boot:

» Ne’e abilidade sistema enerjia nian atu mantein
sinkronizmu 1ha severe disturbance, hanesan sirkuitu
badak iha lifia tranzmisaun.

»~ Disturbansias boot nune’e linearizasaun hosi sistema
ekuasoens not permissible ba objetivus analiza nian.

> The time frame hosi interese 1ha estudus estabilidade
small-disturbance regula hosi 3 to’o 5 detik tuir
disturbansia.

Estabilidade Voltajen

» Estabilidade voltajen refere ba abilidade sistema enerjia
nian atu mantein steady voltajen iha buses hotu 1tha
sistema hafoin nia submete ba disturbansia hosi
kondisaun inisial operasaun nebe 6.

~ Sistema mak inestavel voltajen karik pelumenus tha
sistema bus ida, medida voltajen aumenta hanesan
injesaun enerjia reativu nebe aumenta.

» Rezultadu inestabilidade voltajen 1ha fall progresivu ka
voltajen aumentu hosi buses balun.
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Estabilidade Voltajen(2)

~ Efek eskala boot hosi inestabilidade voltajen dirije ba
Voltage collapse. Ne’e prosesu ida ne’ebe sekuensia
hosi eventues akompana inestabilidade voltajen dirije
ba blackout ka anormalmente voltajen ki’ik 1ha parte
signifikante hosi sistema enerjia.

» Forsa driving force ba inestabilidade voltajen mak
kargas baibain.

» Problemas estabilidade voltajen mos esperiente tha
terminals HVDC links nebe liga ba sistemas ac fraku.

Klasifikasaun Estabilidade Voltajen

» Estabilidade Small Disturbance Voltage:

» Estabilidade Small-disturbance voltage refere ba
sistema-nia abilidade atu mantein voltajen steady
bainhira submete ba small disturbances hanesan
mudansas aumental 1ha sistema karga.

» Kombinasaun hosi téknikas linear no non-linear
rua ne’e hotu nebe uza ba analiza.

Classroom Lesson (Power) —360— Tetum

2013/10/9



Klasifikasaun Estabilidade Voltajen(2)

» Estabilidade Large Disturbance Voltage:

» Estabilidade large-disturbance voltage refere ba
sistema-nia abilidade atu mantein voltajen voltajen
steady tuir large disturbances hanesan sistema

faults, loss generation nian, ka kontijensias sirkuitu.

> Periodu estudu hosi interese bele estende hosi
sekon balun to’o dez minutus.

Estabilidade Frekuensia

» Estabilidade frekuensia refere ba abilidade
sistema enerjia nian atu mantein frekuensia steady
tuir rezultadu severe system upset iha imbalansiu
signifikante entre jerasaun no karga.

» Frekuensia inestabilidade dirije ba tripping hosi
unidades no ka kargas produsaun.

» Estabilidade frekuensia bele sai fénomenu tempu-
badak ka fénomenu tempu-naruk.
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Estabilidade Rotor Angle vs.
Estabilidade Voltajen

» Estabilidade rotor angle bazikamente
estabilidade jerador ida bainhira estabilidade
voltajen katak estabilidade karga.

» Estabilidade rotor angle mak interligasaun
ulukliu ba enerjia redl transfere tha ne’ebe
estabilidade voltajen relasiona ba reativu
enerjia transfere.

IX. ESTABILIDADE SISTEMA
ENERJIA

MANAJEMENTU ENERJIA REATIVU
ESTABILIDADE VOLTAJEN NO
FAKTUS APLIKASOENS
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Kontetdu iha ne’e teorias jeral.

Jeralmente reativu enerjia falta iha sistema
enerjia.

Maibe, konaba sistema enerjia nian iha Timor-
Leste, itha ne’e reativu enerjia resin.

Profil Voltajen durante 14 fulan-Agotu
Blackout (2003 iha U.S no Canada)

RMS Voltage During The Event
8

Lanen 4 A Lo T (s 4w
2it0s Ao o i P LE TS

Milliseconds

~ Voltajen sai aat kuase 600 hosi voltajen normal. Idane’e parese pontu
necbe karga komesa dropping off.

~ Maibe, rekoperasaun neineik tebes no jeradores la bele atu mantein
frekuensia durante kondisaun idane’e.

» Jeradores barak trip, karga shedding sai afeta, no depois sasan hamate deit
tanba falta hosi jerasaun.
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A “Near” Fast Voltage Collapse in

Phoenix in 1995

p | C. Phoemx Area, Ji v 2 , 1995 3

| | Eventu mosu tha Sabadu loraik durante iklima manas
| | tebes (44 C, 112 F). Karga barakliu mak residential air

conditioning. A 230-kV kapasitor bank fault ho delayed

| clearing rezulta iha loss of five 230-kV lifias no 230 69-
kV transformadores. maizomenus 2100 MW hosi karga
nebe lakon. Rekopersaun voltajen foti to’o 20 sekons
(Figura 1). Presumably, many residential air conditioners
stalled, no depois tripped o "~ hafoin sekons balun atu

husik eventual rekoperasaun hosi remaining power system.

Recordings hatudu output reativu enerjia aas hosi area
jeradores durante periodu rekoperasaun. Reactive power
output aas hosi jeradores besik tha nearby Palo Verde
nuclear plant esential ba rekuperasaun.

Leis hosi Reativu Fizikas

» Sistema karga konsiste korenti rezistivu (hanesan lights space
heaters) no recactive current (induction motor rcactance nst.).

» Total korenti I tha komponentes rua.

v

I resistive current

\

IQ reactive current

\

[} is the vector sum of Iy & g
I =g +jlg

\

Ir
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Leis hosi Reativu Fizikas

> Enerjia Komplcksu bolu Volt Amperes (“VA”) kosiste korenti
rezistivu I no reactive current I, times the voltage.

s “VA” =VI* =V (Ig - jlg) = P+jQ j
VA
Q

5
~ Fatér Encrjia(“PF”) = Cosinc of anglc entre P no “VA”
~ P="VA” times “PF”
» Sistema Losses
» P =1,2R (Watts)

r Qo = ;2 X (VARs

Reativu Fizikas — VAR loss

» Komponente hotu ho reactance X: VAR loss = 12 X

» 7 mak konsiste resistance R no reactance X

» On 138kV lines, X = 2 to 5 times larger than R.
~ One 230kV lines, X = 5 to 10 times larger than R.
~ On 500kV lines, X = 25 times larger than R.

» R menus bainhira konduktor diameter aumenta. X aumenta bainhira
husu geometry phase nian ba phase aumenta espasu.

» VAR loss

~ Increases in proportion to the square of the total current.
~ Is approximately 2 to 25 times larger than Watt loss.
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Line Charging versus Reactive Demand

A

Cap
I"X, Reactive Loss

Reactive
Power Shunt capacitors M
Mvar or Generators
Charging
Line Current {

Enerjia Reativu hodi Apoia Voltajen

VARs flow from High voltage

to Low voltage; import of Ll N Refcn:_je
VARSs indicate reactive oads
power deficit
= (& =
= CEY
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Mi] ¢ ‘ ““ﬂ
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W \
h)
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Manajementu/Kompensasaun Enerjia
Reativu

Saida mak Kompensasaun Enerjia Reativu?

»~ Balansiu efclivalinenle hosi komponentes capacitive no inductive sistema enerjia nian atu
prepara apoia voltajen sufisiente.

~ I'statiku no dinamiku nerjia reativu e

~ Esensial ba operasaun reliavel hosi sistema enerjia

~ Prevensaun hosi voltajen collapse blackout

Benefisiu hosi Kompensasaun Enerjia Reativu :

» Promove efikasia hosi lori enerjia redusaun hosi losses.
~ Promove utilizasaun hosi vantajen trans/misaun kapasidade tran/misaun.
» Redus congestion no aumenta kapasidade enerjia transfere.

» Promove grid reliabilidade seguransa.

Lina Tranzmisaun Real no Enerjia
Reativu Losses vs. Lina Karga

250

200
REACTIVE LOSS

s 00 REAL LOSS

100

50

230-kV hine 345-kV line

LOSSES (MW and MVAR)

0 100 2 300 400 500 800
LINE LOADING (MVA)
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Estatiku no Dinamiku Apoia VAR

» Estatiku Reativu Aparelus Encrjia

- Labele troka ho-lalais nivel nivel enerjia reativu hanesan nivel voltajen
nafatin hela.

~ Nivel produsaun enerjia reativu drops bainhira the nivel voltajen drops.

~ Esemplu inklui kapasitores no induktores.

»~ Dinamiku Rcativu Aparelus Encrjia

» Bele troka ho-lalais nivel independente hosi nivel voltajen.
~ Nivel produsaun enerjia reativu aumenta bainhira nivel voltajen drops.

» Esemplu inklui estatiku kompensatores VAR (SVC), synchronous
condensers, no jeradores.

IX. SISTEMA ESTABILIDADE
ENERJIA

ESTABILIDADE VOLTAJEN
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Definisoens Komun

~ Voltage stability abilidade hosi sistema enerjia atu
mantein steady voltages tha buses hotu tha sistema depois
disturbansia.

~ Voltage collapse - kondition hosi blackout ka abnormally
low voltages iha parte signifikante hosi sistema enerjia.

~Short term voltage stability - involve dinamikus hosi
komponentes karga fast acting hanesan induction motors,
clectronically controlled loads, no HVDC converters.

~Long term voltage stability — involve ekipamentus slower
acting hanesan tap-changing transformer, thermostatically
controlled loads no generator limiters.

Saida mak Voltage Instability /Collapse?

» Sistema enerjia hetan voltage collapse karik
post-disturbance voltages mak iha kraik
“acceptable limits”

»voltage collapse bele tanba voltage ka angular
instability

» Fator prinsipal hamosu voltage instability mak
inability hosi power systems atu “maintain a
proper balance of reactive power and
voltage control”
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Voltajen Instability /Collapse

« Driving force ba voltajen inestabilidade mak
karga baibain

» Posivel outcome hosi voltajen inestabilidade:

— loss of loads
— loss of integrity of the power system

* Voltajen estabilidade timeframe:

— transient voltage instability: 0 to 10 secs
— long-term voltage stability: 1— 10 mins

Kauzas voltajen estabilidade no analiza

»kauzas hosi voltajen inestabilidade

» Generators, synchronous condensers, or SVCs reaching reactive power limits
» Tap-changing transformer action
» lLoad recovery dynamics

» Increase in loading
~ Tripping of heavily loaded lines, generators

»Metodus hosi voltajen analiza estabilidade

~ Metodus analisza estatika
~ Algebraic equations, bulk system studies, power flow or continuation power flow methods
» Metodus analiza dindmiku

~ Differential as well as algebraic equations, dynamic modeling of power system components
required
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Generator Capability Curve
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Q-V Curve

Q-V Curve with Detailed Load Model
Peak Load with Fixed Taps
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Posivel Solusoens ba Voltage Instability

» Instala Opera Shunt Capacitor Banks

Aumenta Kompensasaun dynamic Shunt iha forma
SVC STATCOM nian atu hamamar dips voltajen transient

.

Aumenta Kompensasaun Series iha lifias tranzmisaun iha area
problema

\

Implementa eskema UVLS

\

Fasilidades Konstrui tranzmisaun

\
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IX. SISTEMA ESTABILIDADE
ENERJIA

FAKTUS

Saida mak FACTS?

» Alternating Current Transmission Systems
Incorporating Power Electronic Based no
Other Static Controllers to Enhance
Controllability no Increase Power Transfer
Capability.

» Enerjia semi-konduktor bazeia inverters

»informasaun no kontrolu teknolojias
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Prinsipal FAKTUS Kontroleirus

» Static VAR Compensator (SVC)

» Static Reactive Compensator (STATCOM)
» Static Series Synchr Compensator (SSSC)
» Unified Power Flow Controller (UPFC)

» Back-To-Back DC Link (BTB)

Static VAr compensator (SVC)

» Rekursu variavel enerjia
reativu

> Bele jera hanesan mos
absorve enerjia reativu

»Masimu no minimu limite
tha output enerjia reativu
depende ba valores
limitadu hosi capacitive no
inductive susceptances.

Fig. Schematic diagram of an SVC

» Droop karakteristika
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Static compensator (STATCOM)

~Rekursu voltajen aparellu
konverter

Syst

»Rekursu  voltajen  alternadu Jo
behind a coupling reactance |

»>Bele opera iha ninia full output ” E
current maske tha voltajen ki'ik  [ocarme v
tebes

»Depende ba  manufatura-nia \_V‘%‘
dezenu, STATCOMs bele aumenta
transient rating rua ne’e hotu iha
inductive hanesan mos capacitive
mode operasaun

Fig. Schematic diagram of STATCOM

Rezumu

» Inkresementu presiza atu opera sistema
tranzmisaun iha ninia masimu safe transfer limit
sai titha ona interese primariu itha utilidades
barakliu

» Reactive power supply ka VAR management mak
ingrediente importante ida hodi mantein sistema
saudavel voltajen enerjia no fasilitamentu enerjia
transfere.

» Inadekuadu reactive power supply mak fator
prinsipal barakliu hosi recent blackouts
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IX. ESTABILIDADE SISTEMA
ENERJIA

ESTABILIDADE ANGLE

Introdusaun

sistemas enerjia jeralmente halo interkoneksaun boot ida hosi mesin sinkronizmu . Tha operasaun normal
mesin hirak ne’e nafatin iha sinkronizmu ho idaidak seluk, maintaining steady synchronising frequency
no constant machine power angle diferensa entre idaidak seluk. Tuirmai disturbansia iha sistema ida
frekuensia hosi sinkroniza mesin hetan transient deviations hosi synchronous frequency of S50Hz no the
machine power angles hetan mudansa transient.

~ Kategoria hosi estabilidade angel bele konsidera tha termus hosi subkategorias rua prinsipal:
» 1. Steady-State/Dynamic: Forma ne’e hosi rezultadu inestabilidade hosi inabilidade atu mantein
sinkronizmu no ka dampen out system transients no oscillations kauza hosi mudansa sistema ki’ik,

hanesan troka beibeik iha karga no ka jerasaun.

» 2. Transient: Forma ne’e hosi rezultadu inestabilidade hosi inabilidade atu mantein sinkronizmu
hafoin disturbansias boot hanesan sistema faults no ka ekipamentu outages.

~ Notas hirak ne’e sei fokus partikular iha subkategoria estabilidade transient no iha teknikas nebe
bele utiliza atu analiza estabilidade transient hosi sistema ida tuir disturbansia ida.

~  Objetivu hosi estudus estabilidade transient nia atu determina karik mesin iha sistema ida sei fila ba
steady synchronised state tuir disturbansia ida.
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Ekuasaun Swing

Konsidera unidade produsaun ida tha jerador
three-phase synchronous generator no prime
mover, hanesan hatudu iha Figura 1.

Excitation
system
Gengrutor
N i
v e
Steam N
j

Figure 1 Generating Unit

Movimentu hosi synchronous jenerador-nia rotor
determinadu hosi newtons second law, ne’eb¢é fo
hanesan:

Jat, ()= () -TAN=T,() 1)

Iha ne’ebe
7 Total moment of inertia of the oaiiz 1 sses prite 1ove 1dgee o e =)

Rotor angular acceleration (rad s~}

T Mechanical torque suppliedby thep * e ove iwstie etadiieto quedue o ech 1ic  osses es. Friction)
(Nm)
Electrical torque. accounting forthe o 1ee- 1 se powe output 1dlosses (N )
T Net accelerating torque (Nm)
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Torques mesin no eletriku T and T positivu ba operasaun jerador.

Aselerasaun rotor angular nebe fo hosi

do, () 478,

nll) - dt dr’ (2)

o 1) M

o dr 3)
[ha ne’ebe

) Rotor angular velocity (rad s)
6

Rotor angular position with respect to a stationary axis (rad)

~ lha kondisoens steady state mekaniku torque hanesan elétriku torque
no accelerating torque mak zero. La iha aselerasaun no rotor speed

mak konstanta iha synchronous velocity.

»~ Bainhira mekaniku torque barakliu ¢létriku torque depois
aselerasaun torque mak positivu no speed hosi rotor aumenta.

»~ Bainhira mekaniku torque menusliu elétriku torque depois
aselerasaun torque mak negativu no speed hosi rator hamenus.

~ Bainhira ita interese iha rator speed ralativu ba synchronous speed
nia konveniente ba medida pozisaun rotor angular ho respeitu ba

synchronously rotating axis envesde estasionariu ida.
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Nune’u ita define
Gu0h = Oyt~ (4)

[ha ne’ebe

J .~ Velosidade synchronous angular hosi rotor, rad s

Rotor angular position ho respeitu ba referensia synchronously rotating

Atu hatene konseptu hosi synchronously rotating reference axis konsidera diagrama iha
Figura 2. lha ezemplu idane’e rotor mak rotating iha half the synchronous speed,

2 henesan ne’e iha tempu nia foti ba reference axis to rotate 45° rotor rotates
deit 22.5° no posisaun rotor angular ho reference ba mudansa rotating axis hosi -45 °

® nsv1

to-6 .5° .

rp’"a-‘tag cfereme. ——

P it
AN
Praan N
s
NL' I
/ Fa; o
-~

©)

&)

Figure 2 Synchronously rotating reference axis
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Hosi (2) no(4), ami haree katak ekuasaun (1) bele hakerek hanesan

_ 'lit-),,,’u_) iy d ’o‘m‘(r)
dr i

=T, Tu) L) (5)

Sira nebe ita analiza sistema enerjia ida ita iha valores enerjia nian barakliu ita iha

valores torque nian. Tan ne’e nia konveniente liu atu servisu ho espresoens hosi enerjia.

Aleindisu nia konveniente atu konsidera enerjia idane’e iha per unit diakliu duke atual
units.

Enerjia hanesan ho angular velocity times the torque no per unit power bele hetan hosi
dividing, atu nune’e:

Je (ryd’ 3, () o, 0)~w, DT 1) p, 1 ~p 1
s dr’ s ;

raved = raved 5 (N3

(6)

ST
P | Enerjia mekaniku fornese hosi prime mover minus mekaniku losses (per unit)

P Output enerjia eletriku hosi jerador losses eletriku (per unit)

[ta define valor nafatin kofiese hanesan normaliza inersia beibeik ka “H” sempre.
p
H - stoived kimence energn ar synchironous speed

gener ator voltunper ¢ 1aring
: (7)
Jo,

= Ee— (joules V4 o1 p> —seconels)

Ekuasaun (6) sai

@, () d7S, 1

R = Py ! T Pgnl = Pyl
P (.’ll g Fom Fapu
Tha ne’ebe P Enerjia aseleradu

Ita define per-unit rotor angular velosidade hanesan:

[
@, -

i)

Ekuasaun (8) sai
2H d J,)
e 1)

o P A R (10)
v, i
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Bainhira jerador synchronous ida iha P poles, the synchronous electrical angular
velocity, wy,,, kofese loosliu hanesan frekuensia synchronous eletrikul radian, bele
relasiona ba velosidade synchronous mekaniku angular hosi relasaun tuirmai.

£ ]
o Oy (11)

1T
Atu hatene oinsa relasaun ne’e mosu, konsidera katak numeru mekaniku radians nian iha one full
revolution hosi rotor mak 2. 17 for instance, jeradér ida tha 4 poles (2 pairs), no tha 2x electrical
radians entre poles in a pair depois electrical waveform sei la’o liuhosi 2 2n 4 electrical radians iha
revolusaun hanesan hosi rotor.

Iha nimeru jeral hosi electrical radians iha revelusaun ida mak nimeru hosi mekaniku radians times the
numeru hos1 pole pairs (the number of poles divided by two).

Relasaun hatudu iha (11) més iha aselerasaun eletriku angular ta(r), frekuentsia eletriku radian w(r), and
enerjia eletriku angle & valores.
P
a(ry= Tu’"(”

oXr) =§(tl,,, n (12)

()= ? (1)

Hosi (9) ita haree katak

o —()
o) p a(r)
0, 1 ===
S B (13)

S o

P

Nune’e ekuasaun (10) bele hakerek iha termus eletriku diakliu mekaniku:

2H 45 N
—;;.T(u} 4} 7 =P NPy, T =P, (14)

Ekuasaun ne’e hatene kofiese hanesan “SWING-EQUATION” mak ekuasaun
fundamental iha rotor dynamics determinadu iha estudus estabilidade transient.

Ekuasaun swing mak non-linear tanba p  (r) funsaun non-linear hosi 8 no tanba termu
@ () . Rotor speed, maibe, la trata ho diak hosi synchronous speed durante transients
no valor hosi @ () = 1.0 baibain usa kalkulasaun liman.

Classroom Lesson (Power) —381— Tetum

2013/10/9

29



Ekuasaun enerjia elétriku

Tha ekuasaun swing meckaniku enerjia hosi prime mover, P, ,, konsidera
nafatin. Idane’e reazonavel asumpsaun hanesan kondisoens iha redi clétriku

bele espeta atu troka molok slower acting control governor bele kauza turbina

atu reajc.

Fnerjia elétriku, P, portantu sei determina kualker rotor asclera, decclerates
ka remains iha constant synchronous speed. Disturbansias redi elétriku resulta

hosi mudansas estremu iha sistema karga, redi faults no operasaun sirkuitu
breaker sei kausa jerador output atu muda lalais no transients sei esiste.

Mesin synchronous representa estudus estabilidade transient hosi voltajen

internu transient F' iha series ho ninia transient reactance X’y hanesan hatudu

iha Figura 3.
. .

15 ; ol
Ve

(bl Fhasor d sgrem

Figure 3 Simplified synchronous machine model for transient stability studies

Jeradores normalmente liga ba sistemas lifias tranzmisaun kalma, transformadores no mesin sira seluk.
Bainhira sistemas boot natoon, hanesan barakliu sira iha, “infinite bus” iha sistema reactance kotu bele
reprezenta sira. Infinite bus ida mak rekursu voltajen ideal ida nebe mantein nafatin medida voltajen,

phase no frekuensia. Figura 4 ilustradus aranjamentu koneksaun hosi jerador synchronous ba sistema
ekivalente.

X

Svnen-orous '
genentor w

Figure 4 Synchronous generator connected to a system equivalent

Fnerjia real nebe lori hosi jerador ba bus infinitu (and therefore the system) mak nune’e:

V&u‘ o o
2 =lsiné = p smd (15)
Y
X‘\? =Y +X
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Kritériu area hanesan

Metodu ida kofiese hanesan kritériu 4rca hanesan bele usa ba predisaun lais
hosi estabilidade. Metodu idane’e determina karik mesin ida mantein ninia
estabilidade depois disturbansia ida hosi interpretasaun grafiku hosi encrjia
hatama iha rotating mass. Maibe, nia, limita ba sistema mesin ruma nebe liga
ba infinite bus ida ka ba sistemas mesin rua. Kompleksu barak no solusaun
numeriku akurat hosi ekuasaun non-linear swing bele hala’o hosi komputadér
no aplikavel espesialmente atu analiza hosi sistemas multi-machine. Tha notas
hirak nc’c ita sei fokus konaba metodu solusaun numeriku, nebe prefere atu
haree ba kritériu area hanesan fasil liu.

Figura 5 hatudu plots hosi enerjia elétriku P, no enerjia mekaniku P, versus
cnerjia angle 8. Unidade produsaun ilustradu iha figura S inisialmente opcra
iha steady state idano Pe =P =P and d= 9.

Karik etapa ida troka iha mekaniku encrjia mosu nune’e nia aumenta ba s to
P, = P, iha tempu hanesan sero. Rotor iha inertia no hanesan poisaun rotor
labele muda kedas, 6, (0-) = 6, (0+). Hancsan encrjia elétriku angle relasiona
ho po-isaun rator no enerjia elétriku relasiona ho enerjia elétriku angle depois
cnerjia elétriku labele muda ¢ (0-) = 0 (0+) = d; and Pe (0-) = Pe (0+).

Enerjias eletriku no mekaniku sei labalansiu no enerjia nebe aselera sei reaje atu
aumenta rotor speed no d sei aumenta. Bainhira angle § alkansa deseju valor hosi &
hafoin aselerasaun, d*8 di*, sei zero maibe hanesan velosidade mak synchronous angle
iha leten § sei kontinua atu menta no tarjetu overshoot. Once past 3 enerjia eletriku sai
bootliu enerjia mekaniku no deseleradus rotor. Hafoin alkansa valor masimu nia
komesa atu swing fali mai & . Karik latha damping agora hafoin angle § sei kontinua
atu oscillate konaba & pontu. Damping, maibe apresenta tanba losses eletriku no
mekaniku, no 8 eventualmente rezolve ba ninia final steady state value § .

I
tper

3
LIS . L rackans}

Figure 5 Electrical and Vechanical power versus &
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Karik ita konsidera agora ekuasaun swing no asume katak (1) = 0.1 depois:

_Hd'g

oy d PP (16)

Karik ita multiplika partes rua ne’e hotu ho dé df no usa identidade

d ‘do:'nq[dd' d's
dr_d_ \di A ar*

Equation (16) becomes

2H iz.‘,;. (d& M.}_I_i f‘i’i :__ ) iﬂ) (17)
@., dr- N dt ‘('_)m aodr P L dr

Multiplikasaun ekuasaun (17) ho df no intrega hosi  ba & ami hetan espresaun tuirmai:

H ds 2
— | - - S
Oy dr 5'0(‘[)”’?' pqzm) o (18)
Or
H do[ 3
) 70 19
&, L dr J A }'.‘(pmpu PFJ,,‘) [ ( )

i

Nota katak integrasaun iha leten komesa 8, no remata iha arbitrary
angle balun 6. Valor hosi do  df mak zero iha §, hanesan mesin mak iha
steady state. Valérhosi dé  df més zero iha 6 hanesan 3,, nu’udar
mudansas rotor diresaun fali mai J,. parte karuk hosi (19) igual zero ba
5 =9, no tan ne’e:

| pp-py 16— (20)
Karik ita separadu (20) iha arcas asclerasaun no deselerasaun ita hetan

ekuasaun tuirmai:

| Pape— P 5= | 2S5 =0 (21)

% are 2 a-a?
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Nota oinsa elementus rua (21) ekipara ba areas A1 no A2
hatudu 1tha Figura 5 no tuir ekuasoens rua hodi satisfeitu
areas rua tenke igual. Tanba ita bolu idane’e kritério
“equal area”.

Iha pratika, troka derepenti iha enerjia mekaniku la mosu
hanesan tempu asosiadu nafatin ho prime mover dynamics
tuir detik. Maibe, estabilidade However, stability
fendomena hanesa ho deskrebe 1ha leten bele mos mosu
hosi troka derepenti iha enerjia elétriku tanba sistema
mudansa hanesan sistema faults.

Metodus dezenu hodi promove
estabilidade transient

Tha niimeru medidas de/efiu nian nebe bele implementa atu promove
estabilidade transient hosi sistema cnerjia:

1. Promove masimu cnerjia transfere kapasidade

Promove masimu enerjia transfere kapasidade hosi sistema meius nebe enerjia bele
transfere liuhosi pozisoens alternativu un-faulted hosi redi bainhira mosu fault ida.
Efek hosi fault ida iha sistema sei la hanesan estremu. Masimu transfere
kapasidade hosi sistema ida bele promove liuhosi metodus tuirmai:

a. Implementa no uza sistema niveis voltajen aasliu (system losses will decrease as current
flows will be lower, especially important in cases where line distances are large)

b. Instala lifias tranzmisaun adisional

c. Instala lifias no transformadores ho valores reactance ki’ikliu

d. Instala series capacitive kompensasaun lifia tranzmisaun atu redus reactance hotu hosi
lifias

¢. Instala static VAR kompensatores no fleksivel AC sistemas tranzmisaun (FACTS)
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2. Implementa high speed fault clearing

Ne’e vital atu hamos faults depois tempu kritiku clearing alkansa tantu quicker
fault ida hamos diakliu.

3. Implementa high speed re-closure of circuit breakers

Hanesan maioria hosi lifia tranzmisaun sikuitus badak temporariu, re-closure post
fault bele benefisia iha preparasaun kapasidade enerjia transfere diakliu. Kuidadu
tenke foti iha kazu ne’e atu garante katak re-closing iha fault permanente ida no
subsequent re-opening sei la kontrariu efek estabilidade hosi sistema.

4. Implementa single pole switching

Maioria hosi sirkuitus badak mak single line ba ground no switch sai independente
hosi deit faulted phase signifika katak korenti enerjia balun bele kontinua liuhosi
faulted line. Estudus hatudu tiha ona katak single line ba ground faults mak self-
clearing maske bainhira faulted phase deit mak de-energised.

5. Uza jeneradores ho mesin inersia boot no ho transient
reactance ki’ik

Synchronous mesin incrsia boot baibain (H) rezulta iha redusaun
iha aselerasaun angular no nune’¢ slowing down hosi angular
swings. Tempu kritiku clearing aumenta.

Redusaun mesin transient reactance aumenta kapasidade enerjia
transfere durante faults no iha periodus postu fault.

6. Uza fast responding, high gain exciters

Sistemas esitasaun modernu bele dezigna atu reaje lais no ho aas iha
eventu hosi sentidu terminal voltajen ki’ik durante faults. Efck atu
aumenta output jerador durante fault no periodus postu fault. Tempu
kritiku clcaring aumenta.
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7. Implementa fast valving

Turbinas stim balun komple ho lalais valvula atu muda arus stim no
hamenus ho-lalais output mekaniku. Bainhira fault ida mosu besik
ba jeradér output enerjia clétriku redas no lalais valvula muda ba
balansiu mekaniku no encrjias ¢létriku. Ne’e prepara aselerasaun
nebe redus no tempu narukliu kritiku clearing.

8. Breaking Rezistores

[ha sistemas enerjia, arcas jenerasaun bele temporariamente
separadu hosi areas karga. Bainhira separasaun mosu breaking
rezistor ble inserta iha area jerasaun ba dalarua tuir asclerasaun
neineik.
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AsisténsiaTékniku Japonés
kona-ba Hametin Kapasidade Institusional
Ajénsia Dezenvolvimentu Nasional (ADN) nian
iha Demokratiku de Timor-Leste

-- ENERJIA --

JICA Ekipa As sténsia Tékniku

10
11
12

Silabus

Kontetdus
Introdusaun
Fstasaun Fnejia (Diesel) Kontetdu bele
Subcstasaun muda. depende ba
Sistema Tranzmisaun no Distribuisaun korzdlsaun.

Ha’u hakarak

Estudu Sistema Fnerjia diskute kona-ba
Analiza Korenti Fnerjia konteudu ho Sr.
Sistema Fstabilidade Fnerjia Miguel no ITA.

Ezemplu ida hosi Analiza Sistema Enerjia (Uza PSS E)
Fnerjia Renovavel (Fnerjia Photovoltaic)

Sistema Protejementu

Sistema Operasaun no Kontrolu Fnerjia

Selukseluk

JICA Ekipa Asisténsia Tékniku
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X. EZEMPLU IDA HOSI ANALIZA
SISTEMA ENERJIA (UZA PSS/E)

X. EZEMPLU IDA HOSI ANALIZA
SISTEMA ENERJIA (UZA PSS/E)

INTRODUSAUN BA PSS/E

Deskulpa ba pajina neen tuirmai haree hanesan anunsiu.
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Overview

» PSSTE mak instrumentu software prinsipal nebe uza hosi
tranzmisaun elétriku partisipantes world-wide. Analizas probabilistic
no dinamiku avansadu modela kapasidades nebe inklui iha PSS*E
prepara enjefierus operasoens no planeamentu tranzmisaun a broad
range métodolojias nian hodi utiliza iha dezefiu no operasaun hosi
redes reliavel. PSS®E mak tuir padraun Siemens nebe oferese ba
analiza tranzmisaun clétriku nebe kontinua sai opsaun teknolojia
nian iha merkadu ever-growing ida nebe hakat liu nasoens 115.

~ Bainhira ninia introdusaun iha 1976, Power System Simulator for
Engineering tool sai tiha ona komprensivu barakliu, t¢éknikamente
avansadu, no utiliza luan programa komersial hosi ninia tipu. Nia
mais rekofiese hanesan barakliu ho marka, time-tested no hala’o
programa komersial availevel diakliu.

Kapasidades Analitiku

» PSSRE mak integradu ida, programa interativu ba simulating,
analyzing, no optimizing aprezentasaun sistema enerjia. Nia prepara
utilizador ho avansadu liu no metodus komprovadu iha arcas
tekniku barak:

~ PSSRF kapasidades analitiku inklui:
~ Korenti enerjia
~ Analiza kontinjensia
~ Kontijensia probabilistic
~ Simulasaun dinamiku (inklui
~ Termu estende)
~ Sirkuitu badak (inklui [EC 60909).
~ Prepara modeclus opsional:
»~ Optimal power flow (OPF)
» Small signal stability analysis (NEVA)
» Graphical model builder (GMB).

PSS*E Version 33 released May 2011.
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Korenti Enerjia
» Forsa tebes, no sistema teste real-world
modela to’o 50,000 buses
»~ Graphical user interface (GUI)

» User-defined subsystems — subsystems bazeia
iha areas, owners, zones, bus kV ka
kombinasoens

» Liu tinan 30 hosi empregu komersial no user-
suggested enhancements have made

Analiza kontinjensia

Bainhira hala’o analiza kontijensia iha PSS®E,
kontijensias bele espesifika automatikamente
mos (n.e., kontijensias N-1) ka lista user-defined.
Rezultadu mak lista komprensivu ida hosi teste
kontijensias no sira nebe indentifika violasoens.
PSS®E Corrective Action feature bele depois
aplika automatikamente hamihis violasoens
kontijensia nebe hafoin prepara lista refined hosi
violasoens sériu hodi rezolve.
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Kontijensia Probabilistic

Siemens PTI lori ita tranzmisaun komprensivu analiza
kontijensia probabilistic hodi haboot baze state-of-the-art
formulasoens analitiku hosi ita-nia PSSRTPLAN software no
integra sira tha PSSR E. Kontijensia probabilistic karakteristika
kapasidades fasil konfigurasaun modela detalla hosi asaun
eskemas remedial, 1dentifikasaun efetivu hosi kondisoens
voltajen collapse, no utiliza automatiku hosi despasu jerasaun
no rekerementus karga shedding. Hirak ne’e karakteristiku
kombinadu prepara programa utilizador ho instrumentu all-
inclusive ida atu evalua reabilidade lala’ok tranzmisaun iha
sistemas enerjia boot ka ki’1k 1tha bazes deterministic no
probabilistic.

Simulasaun Dinamiku

» Modelu simulasaun dinamiku hosi PSSR E mak instrumentu servatil
ida atu investiga sistema responde ba disturbansia nebe kauza boot
no troka derepenti iha sistema encrjia. Modelu simulasaun dinamiku
la oferese deit armazén vastu hosi modelus built-in tested hodi
modela tipus diferente ekipamentu nian, nia més oferesc kapasidade
atu kria modelus user-defined hosi komplesidade ruma.

~ Modelus utilizador bele dezenvolve uza kode Fortran, ka Graphical
Model Builder (GMB) bele uza hodi kria grafikamente no teste
kontrolu bloku diagramas nebe uza iha PSSR E no produtus PSS r
scluk. Pakote integradu plotting husik utilizadér atu espesifika plots
komprensivu no kustomizavel ho abilidade atu esporta ba formatus
grafiku popular balun.
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X. EZEMPLU IDA HOSI ANALIZA
SISTEMA ENERJI (UZA PSS/E)

ANALIZA KORENTI ENERJIA UZA
PSS/E

BUSES

Numeru Bus: Hatudu nimeru designa ba bus espesifiku (1 liuhosi 99999 ).

Naran Bus: indikadér Alphanumeric dezigna ba bu "#". Naran bele to
karakter sanulu resi rua. Naran bus bele kontein kombinasaun ruma hosi

blanks, uppercase letters, nimerus latha karakter espesial. Naran bus iha
dozi blanks hosi default.

Base kV: Bus baseia voltajen; hatama iha kV.
Kode: Tipu kode bus:

1 Karga bus (laiha kondisaun baliza jerador)

2 jerador ka plant bus (either voltage regulating or fixed Mvar)
3 - Swing bus

4 - Decligasaun (izola) bus

5 Hanesan mos tipu 1, maibe lokaliza itha boundary hosi area ida iha ne’ebe
ekivalente prontu konstrui

Code 1 by default.
Voltajen (PU): Medida voltajen bus; hatama iha per unit, V = 1.0 by default.
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Bus Number Bu Base kV ODE
1010D 150

Branches

Hosi Bus: Branch "from bus” numeru outside brackets ho naran bus name no bus
kV hamutuk iha brackets.

Ba Bus: Branch "to bus” number outside brackets ho naran bus no bus kV hamutuk
itha brackets.

Lifia R (PU): Rezisténsia branch; hatama iha per unit. Valor hosi R tenke hatama ba
branch idaidak.

Lifia X (PU): Branch reactance; hatama iha per unit. Valor nonsero hosi X tenke
hatama ba branch idaidak.

Karegamentu (PU) Total branch charging susceptance (part imajinariu hosi
admitansia); hatama iha per unit. B 0.0 by default.

Rate A (MVA): First power rating; hatama tha MVA. Rate A 0.0 (bypass check for
this branch) by default.

Rate B (MVA): Second power rating; hatama iha MVA. Rate B 0.0 by default.
Rate C (MVA): Third power rating; hatama tha MVA. Rate C 0.0 by default.

Length: Line length; hatama iha unidades user-selected.
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»lha ne’e, lifia la muda nebe asume hosi data
padronizadu Kansai Electric Power nian hosi

Japan.

» R=0.669, X=2.1, Y=0.0078 [°0 km cct,154kV,
1,000MVA base], ACSR,200mm?

>R=0.669%1542 150> 100=0.00705pu km cct
X=2.1*1542 150%*(50 60) 100=0.018pu km cct
Y=0.0078*150% 1542*%(50 60) 100=0.000062pu km cct

From |From Bus Name |To ETo Bus Name |Id |Line R pu |Line X pu |Charging pu |Length[km]
Dili Hera 1] 0.06922395 0.176742| 0.000608778 9.819
Dili Hera 2| 0.06922395 0.176742| 0.000608778 9.819
Hera Manatuto 1] 02883591 0.736236| 0.002535924 40.902
Hera Manatuto 2| 0.2883591 0.736236| 0.002535924 40.902
Manatuto Baucau 0.36891945 0.941922| 0.003244398 52.329
Baucau Laspalos 0.44766795 1.142982| 0.003936938 63.499
Baucau Viqueque 0.30403125 0.77625| 0.00267375 43.125
Loasplos Viqueque 0.72924495 1.861902| 0.006413218 103.439
Vigueque Same 0.59554875 1.52055| 0.00523745 84.475
Same Casa 0.1791264 0.457344| 0.001575296 25.408
Casa Suai 0.27181275 0.69399| 0.00239041 38.555
Suai Maliana 0.41019015 1.047294| 0.003607346 58.183
Maliana Liquica 0.31669305 0.808578| 0.002785102 44.921
Liquica Dili 0.2736669 0.698724| 0.002406716 38.818

0.00705 0.018 0.000062 1.0
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Kargas

»~ Numeru aran bus: Naran bus

~ 1d: ne’e ida, ka rua, character uppercase, nonblank, alphanumeric
load identifier. Nia uza atu haketak entre multiplika kargas iha "
Numeru aran Bus " hanesan. lha buses iha ne’ebe iha single load
presentida, ID = 1.

~ In-Service: Marka check ida indika kata karga natoon iha "
Numeru aran Bus “ nakonu ho operasional. Karik ba razaun ruma
karga natoon tha " Numeru aran Bus " presiza atu lori sai hosi
servisu, simplika un-check katak partikularidano click lifia iha
leten ka kraik atu halo ita-nia mudansas final.

~ Pload (MW): komponente encrjia ativu hosi hosi karga MVA
baibain; hatama tha MW.

» Qload (MW): komponente encrjia reativu hosi karga M VA baibain;
hatama iha MVAR.

Supozisoens ba Kondisaun Karga

»Total hosi karga enerjia ativu iha Timor Leste
hotu mak valor output hosi fabrika enerjia
Hera kuaze 15:00 iha Juiiu 18,
2013.235.4MW

» Valor karga nian iha leten nebe aloka hosi
kapasidade ration hosi distribuisaun
subestasaun.

» Fator enerjia hosi karga idaidak mak 90 ©o.
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Bus Number Bus Name Id

Makinas
Numeru Naran Bus: Ne’e hatudu Numeru Bus (tha ne’ebe mesin lokaliza) sai brackets no displays
naran bus hanesan mos bus voltajen tha kV iha brackets laran.
Id: Ne’e ida, ka rua, character uppercase, nonblank, alphanumeric machine identifier. Ne’e uza atu
haketak entre multiple machines tha plant (n.e., iha iha jerador bus). Iha buses iha ne’ebe iha single
machine present, ID 1.
In-Service: marka cek indika katak mesin balun itha “Numeru Naran Bus” ida nebe nakonu ho
operasiondl. Karik iha razaun ruma iha mesin balun iha “Numeru/Naran Bus” presiza atu lori sai
hosi servisu, simplika un-check katak partikular no click lifia itha leten ka kraik atu halo ita-nia
mudansas final.
Pgen: Idane’e mak enerjia ativu nebe jerador tau sai: hatama tha MW.
Pmin: Idane’e mak minimu enerjia ativu nebe jerador bele output. hatama tha MW.
Pmax: Idane’e mak masimu enerjia ativu nebe jeradér bele output. hatama tha MW.
Qgen: Idane’e mak enerjia reativu nebe jerador tau sai: hatama tha MVAR.
Qmin: Idane’e mak minimu reativu enerjia nebe jeradér bele output. hatama tha MVAR.

Qmax: Idane’e mak masimu reativu enerjia nebe jerador bele output. hatama tha MVAR.

Bus

Number BusNa e d

Valor la iha signifika tanba Hera mamar..
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VIOUEQUE

Saida mak ita bele hatene hosi

rezultadu

» L.oss hosi enerjia ativu 1ha sistema hotu 0.3 MW

» Karga Dili nian tenke bootliu. Nia bele 10 MW

(30.2-21.4-8.8) bootliu.

B Numbe BusName {d | Se e oad MW ad M a

2443
' 5
238
2 a ana
210 quca
UM
Pa | 35100106 |
PF 090 kY

Pa - oad of D

JICA Ekipa Asisténsia Tékniku
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Bus Number |Bus Name Id In Servce Poad MWMQoad Mva Ca ct
1ojp 26 3 1586
130|Manatuto / 059 035 Q
140|Baucau 186 1 315
150|Los aos 1 118 00 20
160|V" ue ue 1 059 035 10
170[Same 1 059 035 0] - —
180|Cassa 1 059 035 10
190|Sual / 1 118 00 20
200|Ma ana 118 00 20
210|Liguca  / 1 059 035 10| -
SUM 3510 2083 14157
88 140603
Pa 3510 83 ,
PF 086 \
Pa
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Razaun hosi Fator Prinsipal Operasaun

Enerja
oL 29 €e 20 Hera © S 2 SN 2N|2 mawatuTon|Sa 9% E BAUCAU S 2 T e

~ o o7 999 T 005 - ©o8

G o ioe 1308 33 is0s w1827
» Komsumidores enerjia nian ki’ik tebes
»> Distansia naruk hosi lifas

The Reactive Power Flow

D ° Normal direction Hera Manatuto Unnatural direction Baycau

I 1T T ] [T

~ Karegamentu hosi lifia (Y) entre Manatuto and Baucau (52km) is 0.0032pu
(150kV, 1,000MVAbasc).

- Y2=00016
~ Karik voltajen bus mak 1.0 pu, enerjia reativu, Q=0.0016pu nebe jera.

~ lha parte seluk, ezemplu, karga reativu enerjia hosi Baucau mak 1.0Mvar
(0.001pu).

~ Tan ne’e, 0.0016+0.0006 = 0.0022pu = 2.2MVar la konsume no suli ba
jeradores. Loss hosi lina tran/misaun ignora tiha.

Q =0.0006pu Q=0.001pu
PE——
< >
Load
Y 2 =0.0016pu Q=0.0016pu Q=0.001pu
Q=0.0016pu Y 2=0.0016pu
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Countermeasure

» countermeasures ida mak instala hosi reaktor
shunt tha area norte-leste.

496 ogea
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-- ENERJIA --

Silabus

Konteldus
Introdusaun
Fstasaun Enejia (Diesel)
Subestasaun
Sistema Tranzmisaun no Distribuisaun
Estudu Sistema Fnerjia
Analiza Korenti Fnerjia

Sistema Fstabilidade Fnerjia

Konteudu bele muda
depende ba
kondisaun.

Ha’u hakarak
diskute kona-ba
konteudu ho Sr.
Miguel no ITA.

Fzemplu ida hosi Analiza Sistema Enerjia (Uza PSS F)

Oinsa atu Uza Rezultadu hosi Analiza Sistema Enerjia

Fnerjia Renovavel (Enerjia Photovoltaic)
Sistema Protejementu

Sistema Operasaun no Kontrolu Fnerjia
Seclukseluk
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XI1. OINSA ATU UZA REZULTADU
HOSI ANALIZA SISTEMA ENERJIA

Overview

» Materiais idane’e esplika oinsa rezultadus hosi
analiza sistema enerjia (Estudu Sistema
Tranzmisaun) nebe uza atualmente hodi
introdas material, ‘An Overview of
Transmission System Studies’ (REA
BULLETIN 1724E-202) publika hosi
UNITED STATES DEPARTMENT OF
AGRICULTURE
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1. INTRODUSAUN:

» Resente trends iha kompleksidade sistem
enerjia, konservasaun enerjia no hatudu
ckondmiku hosi projetus REA-financed reforsa
nesesidade hodi kuidadu sistema planecamentu
ba facilidades tranzmisaun. Estudus
planeamentu jeralmente involve modela
fasilidades hirak ne’e tuir orden katak sistema
aprezentasaun bele konvenientimente observa
no evalua.

2. OBJETIVU:

» Objetivu hosi buletin idane’e mak atu ezbosa
estudus sistema nebe tenke konsidera atu apoia
kriteria dezefiu ba fasilidades tranzmisaun hosi
34.5 liuhosi 765 kilovolts (kV).

» Aprezenta iha Seksaun 3 mak lista ida hosi
estudus sistema tranzmisaun ba aplikasoens
fasilidade oioin nebe tenke konsidera. Seksaun 4
tha input data presiza atu hala’o kada estudu. A
Flow chart ida mak aprezenta iha Scksaun 5 nebe
relasiona interdependensia hosi estudu idaidak ba
konseitu sistema plancamentu. Scksaun 6 iha
esplikasaun detallu hosi estudu idaidak.
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3. APLIKABILIDADE SISTEMA
ESTUDU:

~ Tabela 1 reprezenta lista ida hosi tipu estudus sistema
tranzmisaun no rekerementus atu apoia REA relasiona
planeamentu finansas ba projetus hosi 34.5 kV liuhosi
765 kV. Estudus sistema hirak ne’e tenke konsidera iha
konjusaun ho sistema long range no rekerementus
planeamentu finanseriu. Lista hosi estudus idane’e la
nesesariamente kompleta nein alista tha orden ruma
prioridade nian. Kada estudu tenke kompleta ka
konsidera hanesan rekere itha Tabela 1 ba fasilidade
espesifiku tha kestinariu tuir orden katak aprezentasaun
sistema bele evalua. (Refere ba Seksoens 5 no 6 hosi

buletin idane’e ba deskrisaun detallu hosi estudu
idaidak.)

» Numerus koluna iha tabela refere ba estudus tuirmai:

1) Viabilidade Fasilidade

2) Karga Korenti

3) Reativu Kompensasaun

4) Estabilidade

5) Subsynchronous Resonance

6) Dczeiu Lifa Estatistiku

7) Sirkuitu Badak

8) Kordenasaun Izolamentu

9) Corona no Radio Interfercnsia

10) Elctroestatiku no Elctromagnetiku
11) Fasilidade Tranzmisaun Ekénomikas
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» Simbolus uza iha Tabela 1 define hanesan tuirmai:

» "X" indika estudu tenke hala’o no hatama ba REA iha
konjusaun ho pedidu ida ba asaun REA iha plancamentu
finanseiru.

~ "Y" indika estudu tenke hala’o no hatama ba REA ho
informasaun dezciiu projetu.

~ "7" indika estudu tenke hala’o maibe la hatama ba review
anaunserke rckere hosi REA.

~ "O" indika nia bele rckomendavel atu 1tha estudu
aprczentasaun dependc ba sistema komplcksidade. REA
tenke informa kualker ka la estudu sci kompleta iha tempu
ne¢’cbe borrower sei informa karik REA hakarak atu review
rezultadus.

» Laiha marka indika estudu la aprikavcl jeralmente.

4. REKEREMENTUS INPUT DATA :

> Prior ba modelus sistema dezenvolvementu ba
planeamentu estudu idaidak, data tenke
dezenvolve:

(1) atu permite simulasaun matematiku hosi sistema real,

(2) Atu ajuda hodi analiza sistema aprezentasaun nian
relasiona ba aprezentasaun ekipamentu, no

(3) Atu prepara limitasaun nune’e dezenvolvementu
sistema bele halo.
» Deskrisaun badak hanesan input data agora sei

aprezenta ba jeradores, transformadores, lifias no
kargas.
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4.1 Jeradores:

» Ba analiza steady-state, jeradores nebe
reprezenta iha termus redl no enerjia reativu
nian ba sistema. Sebaliknya, ba aprezentasaun
transient, sistema estudus bele presiza
reprezentasaun tomak hosi elétriku no

karakteristikas mekaniku hosi jerador ida-idak.

4.2 Transformadores:

» Sistema estudus barakliu presiza informasaun
konaba rezisténsias core no winding loss,
leakage reactances, turns ratios tha disponivel
taps, no limitasaun automatiku tap-changing.
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Kapasidades analitiku

» PSSRE mak integradu programa interativu ba simulasaun,
analizasaun, no optimizasaun aprezentasaun sistcma encrjia. Nia
prepara utilizador ho metodus aprovadu no avansadu tebes iha areas
tékniku barak:

~ PSSRF kapasidades analitiku inklui:
~ Korenti enerjia
~ Analiza kontinjensia
~ Kontijensia probabilistic
»~ Simulasaun dinamiku (inklui termu estende)
~ Sirkuitu badak (inklui [EC 60909).
» Prepara modeclus opsional :
»~ Optimal power flow (OPF)
» Small signal stability analysis (NEVA)
» Graphical model builder (GMB).

PSS*E Version 33 released May 2011.

4.3 Linas Tranzmisaun :

» Linas tranzmisaun jeralmente reprezenta hosi modelus
single phase ho series impedances ckivalente
(kombinasoens resistance-inductance) entre lina terminais
no shunt admittances ekivalente terminal ida-1dak. Hodi
balansia maneira sistema tranzmisaun three-phase tha
ne’ebe single phase nebe reprezenta tenke depende ba
naruk lifia no nesesidade loloos. Bainhira hili modelu, ne’e
baibain atu klarifika linas tranzmisaun hanesan badak,
médiu, ka naruk. Laiha naruk definitivu nebe bele
cmhpuhduanlﬁhcamﬂmahnabmhknonank Ba kazus
maioria, gaumﬁﬁmn&lobosbdehdmahmlnmddulma
badak iha lifias to’o 50 mil (80 kilometrus). Grau hosi varies
loloos ho naruk lina no konfigurasaun no mos ho diamenter
konduktor no espasu.
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4.4 Kargas:

» lha estudus korenti karga, kargas mak baibain
reprezenta hosi rekerementus korenti enerjia
reativu no redl baibain. Ba estudus estabilidade,
kargas motor boot karakteriza hosi indusaun
motor ekivalente sirkuitus elétriku.

4.5 Miscellaneous:

» Input data mos dezenvolve ho razaun atu
determina relay settings iha termus hosi
limitasaun karga. Estudus estabilidade
Transient dindamiku presiza kofiesementu
tempu relay no breaker nian no sekuésia
operasaun. Outage rates no durasaun ba
ckipamentu prinsial hotu nesesariu mos ba
dezenvolvementu reabilidade data
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5. SISTEMA ESTUDU FLOW CHART:

~ Tuirmai iha lista sistema estudus nian nebe tenke konsidera atu apoia kriteria
desenu durante ho sistema estudu flow chart nebe relasiona estudu ida-idak ba
konseitu planeamentu hotu. Estudus hirak ne’e alista tha Seksaun 3 no repete itha
kraik kona-ba konveniénsia:
1) Facility Feasibility
2) Load Flow
3) Reactive Compensation
4) Stability
5) Subsynchronous Resonance (SSR)
6) Statistical Line Design
7) Short Circuit
8) Insulation Coordination
9) Corona and Radio Interference
10) Electrostatic and Flectromagnetic
11) Transmission Facility Fconomics
» SSR, item 5, prinsipalmente bele mosu bainhira series kompensasaun nebe emprega.
Statistical Line Design Parameters, item 6, aprezenta iha edisaun 1993 hosi
National Electrical Safety Code (NESC) ba lifias tranzmisaun.

~ Sistema estudu flow chart nebe hatudu iha Figura 1. Fstudu fasilidade
feasibilidade resulta informasaun kona-ba nivel voltajen, sistema
kapasidade, tipu konduktor, no lokasaun besik hosi sirkuitus tran/misaun.
Bainhira planu basiku estabelese, kompleta tan sistema cstudu nebe usa
hodi hala’o detallu estudus estabilida no karga korenti . Re/ultadu hosi
karga korenti ajuda determina adekuadu hosi desefu relasiona aseitavel
voltajen, phasc angle, impedance, no variasocns power flow. Fstudus
kompensasaun reativu compensation studies utiliza informasaun hosi
estudus karga korenti atu estabelese tipus optimum rekursus reativu (var)
nian. Hanesan mor, resultadus hosi estudus estabilidade bele hatudu
alternativus balun atu hetan estabilidade molok karakteristiku ckipamentu
nebe espesifika. Hafoin estudus estabilidade no karga korenti, depois
tomada hanesan problemas liu-voltajen nebe investiga via estudu desefiu
lifia estatistiku bainhira votajen hirak ne’e influensia lifa no aparrelus nivel
izolamentu sira.
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» Dezefiu investigasoens lifia estatistiku inklui
lightning, contamination, no flashover
strength studies atu rezulta sistema izomentu
optimum ba fasilidade tranzmisaun. Estudus
serkuitu badak nebe depois hala’o atu asegura
selesaun protesaun loloos fasilidades nian
kontra sistema voltajen-liu (internal-switching
surges no external-lightning strokes).

» Investigasoens Extra-High-Voltage (EHV)
nebe interese ambiente no fatores seguransa
mak estudus corona, radio interference,
clectrostatic (E S) no electromagnetic (E M).
Ikusliu, estudus fasilidade tranzmisauj
ckondmiku, tenke konsidera katak inklui tower,
conductor, hardware, equipment, no right-of-
way trade-off cost analyses.
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6. DISKUSAUN HOSI SISTEMA
ESTUDU INDIVIDU:

» Seksaun ida-ne’e o adisional detallus kona-ba
tipu estudu nian ida-idak.

6.1 Fasilidade Feasibilidade:

» Estudu Fasilidade feasibilidade inklui
rekerementus karga no nilai, sistema voltajen,

surge impedance loading no sistem kapasidade.
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6.1.1 Rekerementus Karga :

» Fundasaun hosi sistema estudu planeamentu ruma mak
determinasaun hosi karga hodi serbi ne’ebé tenke
kompativel ho aprova Requirements Study (7 CFR
1710, Subpart E). Karga ida-ne’e haree itha termus
eskala nian; variasaun lorloran no tempu; area
distribuisaun; lala’ok karakteristiku ho voltajen no
variasoens frekuensia; no rekrementus realiabilidade.
Tuir koniesementu rekerementu tomak, prosesu
planeamentu husu atu kuidadu projesaun hosi karga
aumenta. Jeralmente, kargas projeta atu hatama sistema
hanesan mos ba rejiaun ida-idak no maioria eziste no
futuru subestasaun.

6.1.2 Rekerementus Taxa :

» Hanesan mos sira-nia uza iha operasaun sistema liuhosi kondisoens
lanoramal tipu estudu ida-ne’e nian esensial ba funsaun sistema
planeamentu.

~ Kada tipu hosi ckipamentu elétriku iha taxa thermal ida ne’ebé
muda hanesan funsaun hosi siklu karga, ambient, loss of life, sun
exposure, nst. Utilidades barakliu taxas sa’e hanesan tuirmai:

1) Normal (continuous)
2) Fmergency - 4 hours, 8 hours, 24 hours
3) Fmergency - I month, 6 months
~ Taxa hirak ne’¢ uza ba kargas plancamentu no kontijensia rua ne’e
hotu. Sira més asiste iha plancamentu ba ckipamentu diferente
karga karakteristiku iha bailoro no udan.
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6.1.3 Sistema Voltajen :

» Sistema tranzmisaun voltajen tha kraik nivel extra-
high-voltage (EHV) entre 34.5 no 230 kilovolts (kV).
The nominal nivel EHV sira tha Estadus Unidu 345,
500 no 765 kV.

» Karik fasilidade tranzmisaun dezenvolve
eckonomikamente, etapas votajen tenke boot-ki’1k mos.
Jeralmente, 230 kV sistema tranzmisaun sei hetan ida
ne’e ekonodmiku liu atu to’o 1tha 230 kV to’o karga
aumenten rekerementus ditadu 500 kV hanesan nivel
ekonomiku. Hanesan mos, 345 kV sistemas sei posivel
liu 500 kV to’o 765 kV bainhira rekerementus karga
aumenta ditadu nivel voltajen aasliu.

6.1.4 Surge Impedance Loading :

~ Surge impedance loading (SIL) mak indikadér konveniente hodi
kompara maizumenus kapasidade load-carrying hosi lifias
tranzmisaun hosi voltajen diferente sira. SIL mak karga nebe lifia sei
lori bainhira kada phase terminadu iha impendace ida hosi:

n - & Fo.|
Y (formula is squared)
where:
Z, = surge impedance in ohms
Z; = series line impedance in ohms per unit length

Y - = shunt line admittance, in ohms per unit length
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» SIL iha megawatts (MW) mak funsaun hosi eskala Z, (or° Zo° )
no eskuadra hosi voltajen hanesan hatudu iha ckuasaun tuirmai:

SIL V' Zo° Eq.2

where:

V =root mean squarcd (RMS) line-to-line voltage in kilovolts
kV).

~ Bainhira SIL 16 idea jeral hosi kapasidade karga relativu lina ida

nian nia baibain atu karga lifias 1a to’o 300 miles (480 kilometers)
iha SIL leten. Conversely tanba hosi limitasoens estabilidade, nia
baibain atu karega lifias bootliu 300 miles (480 kilometers) iha SIL
kraik anaunserke kompensasaun kapasitor nebe emprega. Tabelas
Computer-generated SIL nian REA estruturas tranzmisaun no lifias
nebe aprezenta iha REA Bulletin 1724E-201, "Electrical
Characteristics of REA AC Transmission Line Designs."”

6.1.5 Kapasidade Lina Tranzmisaun:

» Kapasidade hosi lifia tranzmisaun dependente
tha operesaun voltajen, limite manas, limite
ckondmiku, no limite estabilidade.
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6.1.5.1Limite Manas

» Tanba enerjia losses, korenti suli itha koduktor ruma rezulta
temperatura sa’e, no karik permite atu sa’e pontu anncaling,
konduktor bele aat. Maibe, hafoin pontuu annealing sa’e,
rekerementus vertical clearance bele sai fator limitasaun. Karga
presiza atu kria kondisaun ida-ne’e, normalmente husu limite manas
scru konsideradu tebes, depende iha temperatura ambiente,
velosidade, tipu konduktor no kondisaun superfisic. (Hanesan limite
manas nebe mosu, vertical clearances jeralmente redus tanba
adisional sag.) hafoun instala aluminum conductor steel reinforced
(ACSR) ka all aluminum conductor (AAC) itha manas limite duké
konduktor ne’ebé weathered no turned dark. Limite manas laos fator
determinante normalmente iha lifas tranzmisaun anauserke
konduktor ki’ik no karga entre limite ekonomiku; iha lifias badak
limite manas normalmente sa’¢ molok limite estabilidade.

6.1.5.2 Limite Ekonomiku

» Determinasaun hosi medida konduktor barakliu
ekonomiku kompleksu tanba involve variaveis barak.
Variaveis hirak-ne’e inklui: (1) taxa hosi karga aumenta,
(2) troka iha distribuisaun jeografiku no tipus kargas
nian, (3) kustu right-of-way, (4) lokasaun hosi pontus
fornesementu enerjia, (5) fator karga, (6) servisu
emerjensia, no (7) kontinuasaun hosi servisu. Ba
konsidasaun sistema voltajen tha EHV range kraik,
medidas konduktor bele jeralmente bele hili
satifatoriumente hosi aplikasaun hosi Kelvin's Law;
n.e., medida ekonomiku barakliu hosi konduktor nebe
ba investimentu kargas ne’ebé hanesan ba kustu enerjia
losses nian.
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» maibe aplikasaun hosi lei ida-ne’e ba lifas tranzmisaun EHV sei la
rezulta jeralmente iha selesaun hosi medida konduktor optimum.
Ida-ne’c tanba Kelvin's Law la refleta mundansa iha apoiu estruturas
ho mudansa iha medida konduktor, no mos la inklui kapasidade
transformadér. Analiza kustu kompletu tenke konta ba afeta sira
hotu nebe rezulta hosi mudansa iha medida konduktor no sirkuitu
karga. Hirak-ne¢’e¢ inklui: (1) total kustu anual nebe hadi’a hosi lifia
tranzmisaun kompletu hanesan funsaun hosi medida konduktor, (2)
kustu anual hosi enerjialosses (3) kustu anual hosi reativu (var)
fornesementu nesesidade atu apoia voltajen receiving-end, no (4)
kustu anual hosi termanal sira no kapasidade transformador nebe
presiza iha sending no receiving ends.

6.1.5.3 Limite Estabilidade

~ Fator seluk ne’ebé bele influensia lina kapasidade mak
estabilidade ka enerjia limite. Estabilidade mak atributu
nebe hosi sistema ne’ebé enaveis nia atu dezevolve forsas
restoring hanesan ka bootliu forsas disturbiu. Estabilidade
steady-state mak kondisaun ne’ebé eziste 1ha sistema enerjia
bainhira la iha disturbansia derepente iha sistema.
Estabilidade Transient mak kondisaun ne’ebe eziste karik
depois disturbansia derepenti akontese tiha ona, sistema
hetan-fali ekilibrium. Limite transient baibain ki’1ik no
importansia bo’otliu limite steady-state. Relativamente linas
naruk, kapasitor no autotransformadores series bele uza atu
hasa’e lina efetivu reactance no nune’e aumenta limite
estabilidade (Seksaun 6.3.1.).
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» Relasaun "rule of thumb" diak hodi hetan
kapasidade maizumenus steady-state hosi sirkuitu
tranzmisaun entre terminais rua mak hanesan
tuirmai:

P =075V " M Eq. 3
where:
P .. = Maximum transferred power, in megawatts (W)
V= RMS line-to-line voltage, in kilovolts (kV)
M = Distance between terminals, in miles.

6.2 Karga Korenti:

~ Bainhira estudus fasilidade feasibilidade hala’o liuhosi revista planu
sistema tranzmisaun nebe halo ho estudu programas karga korenti.
Sistema System planerus kofirma adekuadu kona-ba objetivu rede
tranzmisaun, konsidera lifa karegamentu, fornesementus voltajen
bus no reativu (var). Kazus 1a’0 ona hanesan ¢spesifika hosi sistema
planeru iha kondisoens kontijensia normal no outage durante kriteira
reliabilidade ba rejiaun karga ida-idak. Estudu base case prepara
referensia ida atu determina emerjensia no kargas futuru hosi
fasilidades.

~ Kazu baze utiliza informasaun korespondete ba kondisoens
operasaun normal. Henesan kazu serbi hanesan kompasaun ba
sistema kondisoens seluk nebe presiza atu estuda. Kazu kontijensia
dahuluk més rckomenda durante situasaun kontijensia jeral minimu,
sistema tenke hala’o ho single fasilidade sai hosi servisu.
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~ Bainhira kazu baziku nebe estabelese, mudansa 1da ka liu
bele introdus atu determina variasoens 1ha sistema
aprezentasaun. Mudansa hirak-ne’e bele inklui
kombinasaun ruma hanesan tuirmai:

a) Foti lifia ruma ka bus liur hosi servisu;

b) Aumenta kargas ba buses hotu ka ruma no lifas;

¢) Muda regulamentu voltajen bus no phase angles;

d) Aumenta ka hasai linas interkonecksaun foun;

¢) Aumenta jerasaun foun ba bus ruma;

f) Muda transformadér taps;

2) Aumenta medida konduktor hosi lifia ruma;

h) Kontrolu korenti enerjia reativu (var);

1) Aumenta ka hamenus kapasidade transformador;

1) Foti bulk subestasaun ruma transformadoér liur hosi servisu.

» Lala’ok sistema nina hanesan indika hosi kazu karga
korenti balun propriamente reprodus deit to’o
limitasaun estabelese hosi sistema planeru. Kada kazu
reprezenta korenti enerjia sira no voltajen sira ne’ebé
sei eziste 1tha sistema karik input data hotu hanesan
kargas no jerasaun nebe ezatamente reprodts. Maske
estudu karga korenti rezulta bele nunka duplika sistema
kondisoens atual, sira mak primariu signifikante tanba
modelu matematika bele teste parte aseitavel lala’ok
range hosi sistema real, tan diakliu indentifika
kondisoens limita. Ezemplu ida hosi tipiku dijital
estudu karga korenti nebe hatudu tha Apéndise A.

18
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~ Programas karga korenti agora uza automatikamente foti ba
kontabilidade regulamentu kapasidade voltajen hosi synchronous
condensers no transformadores, bainhira mantein dezignadu orariu
jerasaun hanesan mos net interchange entre sistemas interkoneksaun.
Mudansa espesifika iha sistema fasilidades no metodus opersaun
nian nebe automatikamente kalkula ba nimeru hosi kazu sira iha
sekuensia.

~ Input data nebe presiza ba programas karga korenti jeralmente
inklui: (1) dezinasoens bus, (2) impedansias transformadoér no lifia,
(3) real no reativu (var) encrjia koreti ba karga ida-idak, (4)
produsaun enerjia jerador, (5) orariu voltajen no reativu (var)
limitasaun korenti encrjia hosi jeradores, synchronous condenscrs no
kapasitores switched, (6) dezignasoens tie-line, no (7) sistema
informasaun intermudansa .

» Printed output inklui (1) kalkulasaun eskala voltajen no
phase angle 1ha bus i1da-idak, (2) transformador,
kapasitor no data reator, (3) real no reativu (var) korenti
enerjia ba lina ida-idak no transformador ba lina ida-
idak no transformador, (4) sistema rede intermudansa
no korenti enerjia tie-line no (5) arkivu hosi sistema
mudansas. Karakteristika produsaun espesial disponivel
ka bele dezenvolve ba ajudu planeru 1ha analizas hosi
sistema. Ezemplu inklui lista fasilidades karga parte
limitasaun preestabelese, no lista buses nian itha ne’ebé
voltajen mak niveis dezeravel tan.
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6.3 Reactive Compensation:

» Estudu kompensasaun reativu (var) utiliza
informasaun hosi estudu karga korenti atu
estabelese tipus optimum no medidas rekursus
reativu (var) nian. Iha tipus baziku rua hosi
sistema kompensasaun: (1) kompensaun series,
iha termus hosi impedance, nebe uza atu redus
tranzmisaun lifia nian efetivu reactance, no (2)
kompensasaun shunt, iha termus enerjia
reativu nina, nebe uza atu reduas eskala enerjia
reativu (var) nian nebe sului iha rede.

6.3.1 Kompensasaun Reativu Series:

Inductive reactance hosi lifias tran/misaun mak ida nebe parametrus
importante liu limita kapasidade enerjia korenti. Insersaun hosi kapasitativu
reactance iha series ho lifia-nia induktivu reactance hamenus lifia
impedance. Ida-ne’c ajuda atu aumenta rekerementus kapasidade sistema
tran/misaun. Kompensasaun series cfetivamente aumenta kapasidade lina
trans/misaun. Ida-ne’e rediis nesesidade ba tan/misaun voltajen aasliu ka
nameru bootliu hosi sirkuitus. (When series compensation is used, a
subsynchronous resonance (SSR) study should be performed.) bainhira
aplika kopasitores series iha sistemas FHV (345- 65 kV), ne’e importante
katak sira la bele introdus eksesif limitasoens iha flesibilidade hosi sistema
desenvolvementu futuru. Lokasaun hosi kapasitores scrics tuir lifia iha efek
signifikante iha perfil voltajen, no losses cnerjia. Ba kompensasaun la to’o
50 porsentu, ne’c baibain vantajen tebes atu lokaliza kapasitores iha
midpoint hosi lifia atu promove perfif voltajen. Infelizmente, ida-ne’e la
bele pratika ekondémikamente anaunserke csiste subestasaun besik midpoint
hosi lifia.
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6.3.2 Kompensasaun Reativu Shunt:

~ Voltajen tranzmisaun no lifia naruk aumenta, kapsitativu
karga korenti hosi linas EHV més aumenta. Korenti hirak-
ne’e bele kauza indezeravel voltajenliu 1ha jeradores no

transformadores, hanesan mos inkresimentu enerjia losses.

Hodi redus kapasitativu karga korenti reatores shunt nebe
utiliza atu minimiza voltajenliu durante karga, kondisoens

transient ka switching. Reatores shunt bele mos switched ka
diretamente liga iha terminal lifa tranzmisaun ka ka tertiary
windings hosi autotransformadores. Reatores tertiary shunt

bele switched hanesan rekerementus sistema reativu enerjia

no voltajen maibe permanentemente liga reatores shunt la
bele separadu hosi lina durante operasoens switching.

6.4 Estabilidade:

» Pontu estarta hosi estudu estabilidade mak
kondisoens steady-state (determined by the load
flow study) imediatamente molok sistema

disturbansia iha investigasaun mosu. Informasaun

ne’ebé bele lori hosi estudu estabilidade steady-

state inklui rotor ka estabilidade phase angle, real

no korenti enerjia reativu (var), bus voltajen no

sistema frekuensia. Estudus transient (first swing)

no dinamiku (multiple swing) jeralmente hala’o
mos 1ha aparellus analog ka komputador dijital.
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6.4.1 Estabilidade Transient:

» Jeneralmente, programa estabilidade transient utiliza
inisial voltajen no korenti enerjia nebe hetan hosi
programa karga korenti no konverter sistema ba
rekezitu ne’e hodi analiza fenomena transient nian.
Hodi espesifika kondisoens no operasoens switching,
program kalkula synchronous no indusaun makina
elétriku no mekaniku torques, rotor torque angles,
currents, no system voltages. Depois, programas balun
kalkula korenti no impedances hosi selesaun lifias no
simulate operasaun automatiku hosi impedance-type
relays durante sistemas todan oscillations. Operasoens
switching no kondisoens fault automatikamente
simuladu iha sekuensia atu reprezenta occurrence no
clearing hosi faults.

~ Input data presiza dependenti to’o kompleksidade hosi
reprezentasaun makina presiza. Ba reprezentasaun simples
data presiza ba makina synchronous mak enerjia real no
reativu (var), rezisténsia statore, transient reactance, no
inertia constant. Presiza reprezentasaun detallu barak
karakteristiku hosi sistema turbina governador no sistema
esitasaun jerador, no reactance detallu, time constants, no
magnetic saturation parameters associated ho makina.
Barakliu ba estudu modernu, reprezentasaun makina barak
detallu hodi utiliza atu prepara konesementu diakliu hosi
sistema aprezentasaun. Ba makina indusaun enerjia real
rotor, stator no magnetizing impedances, no relasaun karga
speed-torque nebe baibain presiza.
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6.4.2 Estabilidade Dinamiku:

» Estudu estabilidade transient jeralmente limita ba
analiza aprezentasaun nian to’o sekon ida ka rua depois
fault. Ne’e mos importante tha kazus barak atu simulate
subsequent redistribution hosi korenti enerjia relasiona
sistema karakteristiku inertias no governor. Kondisoens
estabilidade dinamiku hirak-ne’e jeralmente importante
hafoin sudden loss hosi unidades boot ka fabrika
produsaun, ka konsentrasaun boot hosi karga. Nimeru
hosi programas komputador ba simulasaun dinamiku
disponivel katak foti kontabilidade modelus sistema
boot no akuradu reprezenta responde dinamiku hosi
kargas hanesan indusaun motores.

6.4.3 Rezultadus Hosi Estudus:

» Estudus transient bele ajuda determina: (1)
presiza atu halais protetivu sistema relay, (2)
sistema operasaun no dezefia weaknesses, (3)
dezirabilidade hosi fast valving, no (4) inisial
karga todan hosi fasilidades xave tranzmisaun.
Estudus dinamiku jeralmente simulate sistema
aprezentasaun durante periodu tuir sudden loss
hosi jerasaun ka karga. Estudus hirak-ne’e bele
ajuda iha sistema dezefiu hodi determina: (1)
vesolidade aas esitasaun aprezentasaun, (2) efek
hosi karga shedding, no (3) efek sistema potensial
cascading.
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6.4.4 Metodus atu Promove
Estabilidade:

» Aprezenta iha kraik metodus balun ne’ebé¢ bele
promove sistema estabilidade.

Konvensional Remédius

» Remédiu baraliu hodi promove estabilidade sistema-enerjia
mak atu aselera sistema protetivu no atu aumenta montante
hosi kapasidade tranzmisaun. Tha tempu pontu ida-ne’e,
promove relay no tempu breaker clearing defikul tanba
konsiderasoens teknoldjiku no ekonomiku (state-of-the-art
circuit breakers generally interrupt currents when the ac
wave passes through current zero). Tempu interval entre
adjacent current zeros iha sistema enerjia ac ida nebe
determina hosi frekuensia sistema-enerjia no jeralmente la
bele muda hosi dezenador breaker sirkuitu. Mos, metodus
relay protetivu ohin lorong barak depende ba determinasaun
hosi diresaun, distansia, ka impedance parameters nebe
naturalmente presiza montante loloos minimu hosi tempu
kuantidade ba rezultadus akuradu.
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Fast Valving

» Rekursu hosi sistema inestabilidade mak
fornesementu enerjia liu hosi prime mover
durante disturbansia. Karik enerjia ida-ne’e redas
ka halo hanesan ho enerjia nebe presiza hosi
jerador durante disturbansia, problema
asclerasaun jerador moés redus. Valves iha
estasoens produsaun modernu boot mak baibain
todan tebes no karik prosesu valving maka’as sai
efetivu, valve tenke opera iha tempu badak tebes.
Iha kazu sira balu, karik jeradoér sei diak nafatin
nebe determina la to’o detik ida. Nune’e, enerjia
input hosi turbina tenke troka ho-lalais.

Selesaun Breaker no Protesaun Relay

~ Breaker paradu iha besik fault three-phase bele kauza loss hosi
rezultadu sinkronizmu iha problemas inestabilidade. Utilizasaun
hosi power circuit breakers (PCB), nebe limite bele opera
individualmente, mosu atu prevene kondisaun ne’e. Karik kada
poles bele trip independentemente, menus iha probabilidade katak
poles barak liu ida bele paradu. Nune’e, fault three-phase bele
konverta ba fault single-phase iha tempu normal relaying. Karik
PCB falla atu trip tanba nia la simu sinal trip hosi relays protetivu,
metodu uluk invalidu. Ba situasaun ida-n¢’e, instalasaun hosi PCB
ho poles individu sei la prepara benefisiu ruma. Maioria utiliza
metodu barakliu hosi eskemas "stuck breaker" emprega relay
korentiliu no tempu velosidade aas. Tha situasaun ida-ne’¢ eskema
stuck breaker nebe marka atu hamoos breaker sira nebe besik ho
tempu masimu. Primariu eskema relay tenke aselera tan.
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Sistema Damping

» Sistem damping mak metodu nebe prepara forsas restoring
hodi hamenus undesired oscillations ka sistema swings
boot. Jeralmente, ne’e defisil atu aplika fast valving no
braking resistors hanesan dalan nebe sei 1ha sistema
negligible swings hafoin fault hamoos ona. Iha kazu barak
baibain tha ne’ebe hanesan kontrolu sira la utiliza, swings
bele natoon atu kauza loss hosi sinkronizmu hafoin fault
hamoos ona. Swings nebe kauza loss hosi sinkronizmu, loss
hosi karga ka large voltage excursions tenke kontrola atu
redus sira atu asetavel proporsaun. Hamate restores ekiliriu
entre jerador input no output atu nune’e enerjia minimu
disponivel ba aselerasaun ka deselerasaun. Formas rua hosi
sistema damping nebe insersi hosi dasi dc entre linas ac rua
no karga shedding.

» Dasi dc entre lifias ac rua prepara solusaun ba
problema estabilidade durante la iha
sinkronizasaun phase eziste entre lifias ac. Dasi dc
tha karakteristiku nebe pas ba funsaun damping.
Kontrolus HVDC bele aranja atu nune’e korenti
enerjia to’o lifas dc. Nune’e, nia sai posivel atu
heta dasi dc korenti enerjia tuir nesesidade
operasaun hosi interkoneksaun sistema ac. Maske
kustu aas, defisil bele hetan esperensia iha dezefiu
pratika hosi kontrolu sirkuitu nebe dezenvolve
nesesidade intelijensia atu kontrolu lifia dc.
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~ Karga shedding mak forma ida-seluk hosi sistema
damping. Jeralmente, karga shedding relays nebe
instala atu desliga karga bainhira iha jerasaun
insufisiente atu mantein sistema frekuensia normal. Ida-
ne’e relasiona problema sistema nebe kuaze lori tanba
sinkronizmu jerador nebe halakon razaun seluk.
Redusaun voltajen mak forma ida-seluk hosi karga
shedding. Metodu ida-ne’e komplikadu hosi nesesita ba
velosidade aas tebes 1ha frekuensia relay. Tanba sira-nia
sensitividade sira dala barak false-trip no kauza
problemas start-up.

6.5 Subsynchronous Resonance:

~ Subsynchronous resonance (SSR) mosu baihira frekuensias natural
asosiadu ho mekaniku torques hosi makinas synchronous nebe besik ba
sira-nia impoin hosi koncksaun rede. Steady-state SSR involve spontaneous
oscillations nebe sustenta mos ka aumenta neineik iha eskala ho tempu.
Jeralmente SSR refere ba transient torques kona-ba eixu jerador nebe
resulta hosi konrenti oscillating currents iha rede elétriku nebe kauza hosi
faults ka opcrasocns switching. Fstudu hosi SSR presiza phascs rua: (1)
analiza estabilidade atu asegura katak oscillations la bele sa’e liu durante
operasaun normal, no (2) simulasaun hosi operasoens switching no faults
atu asegura katak asosiadu torques la bele sa’e liu pipa limitasaun estrese.
Resultadu hosi investigasaun nebe tama posibilidade hosi akontesementu
SSR nian iha sistema. Presiza asaun koretivu atu redas SSR mak utiliza
hosi fitrus atu taka korenti 1ha frekuensias SSR no usa desciiu tékniku
scluk atraves kompensasaun series atu hetan rekerementus sistema
estabilidade.
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» Sistema tranzmisaun sira iha kompensasaun
series bele esibi subsynchronous resonance itha
frekuensias iha kraik 60 Hz. Nunue’e, korenti
iha frekuensias subsynchronous bele amplifika
hosi makinas synchronous provoka undesirable
oscillations no problemas estabilidade
potensidl. buildup ka decay hosi korenti hira-
ne’e dependente iha rezisténsia series no niveis
karga hosi sistema tranzmisaun.

0.6 Dezenu Lina Estatistiku:

» Objetivus prinsipal hosi voltajenliu sirkuitu badak, no
1zolamentu koordensaun investigasoun mak (1) atu tau
kriteria ba lina tranzmisaun dezenu elétriku, (2) estabelese
taxa hosi arester korenti no aparellus protetivu seluk, no (3)
espesifika ekipamentu niveis ekipamentu. Investigasaun
tolu sira-ne’e agora sei diskute.

» Estudu dezenu lina inklui evaluasaun korenti switching
aprezentasaun lightning, no kontaminasaun no
aprezentasaun flashover. Fatores sira-ne’e hotu influensa
lina tranzmisaun no aparellus niveis isolamentu. Ba voltajen
tranzmisaun entre 34.5 no 230 kV estudu lina izolamentu
bele la nesesariu karik rekerementus 1zolamentu nebe
espesifika hanesan tha REA Bulletin 1724E-200.
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6.6.1 Evaluasaun Korenti Switching :

» Voltajenliu ida todan ne’ebé fasilidade tranzmisaun
tenke reziste mak korenti switching. Korenti switching
nebe produs hosi switching aparellus nian hanesan
breakers sirkuitu no desliga switches. Voltajenliu hirak-
ne’e mosu liuhosi lina no 1izolmentu estasaun, phase-to-
ground no phase-to-phase rua ne’e hotu. Hamutuk ho
lightning no kontamina konsiderasaun sira determina
lina nebe presiza niveis izolamentu. Rekerementus
korenti switching moés uza iha estudu koordensaun
1zolamentu ba subestasaun ekipamentu (Seksaun 6.8).

~ Karakteristiku izolamentu metin (which vary with such
statistical data as wind precipitation, and air density) nebe
utiliza tha evaluasaun korenti switching. Fatores seluk
ne’ebé afeta sistema 1zolamentu mak rezistores izersaun
1zolamentu, naruk lina, konfigurasaun, no karga. Parametrus
hirak-ne’e determina waveshape no eskala hosi korenti
switching ne’ebé 1n turn influensa flashover karakteristiku
1zolamentu metin. Estudu kona-ba transient network
analyzer (TNA) mak pontu estarta eselente 1da ba
determinasaun hosi sistema izolementu bazeia ba
aprezentasaun korenti switching. Estudus TNA hirak-ne’e
bele inklui evaluasau parametru estatitiku tuirma:
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a. Probabilidade hosi operasaun breaker sirkuitu
loloos

b. Probabilidade katak isolator string ida sei muda
ba pozisaun pozitivu.

c. Probabilidade katak kualker fatores sei redus
lala’ok flashover voltajen liuhosi isolatores no

gaps.

d. Probabilidade katak korenti voltajen sei liu taxa
flashover voltajen kritiku hosi string isolator ida.

» Hanesan nota iha leten, lala’ok korenti switching nebe
determina primariu hosi lina izolamentu. Nimeru
1solatores nian nebe hili atu nune’e probabilidade
flashover nian hosi korenti switching la liu dezenu
espesifikasaun. Jeralmente, ba voltajen tranzmisaun iha
kraik EHV (34.5-230 kV), korenti switching la limite
ba dezenu izolamentu tower bainhira izolamentu metin

aumenta iha proporsaun ba phase-to-structure clearance.

Tha niveis EHV (345-765 kV) air gap komesa atu to
habokon no korenti switching aprezentasaun lina bele
sai fator limita itha opsaun hosi dimensaun tower no
clearances.
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6.6.2 Aprezentasaun Lightning :

» Aleinde estudu korenti switching, konsiderasaun
prinsipal segundu 1ha lifias tranzmisaun dezefiadu
mak aprezentasaun lightning. Analitikamente,
problema lightning kompleta liu ida nebe
funsiona estatistiku lightning barak hanesan
stroke current amplitude, rise times, hit
probabilities no frekuensia hosi akontesementu.
(Atividade Thunderstorm-day nebe hatudu iha
mapa Isokeraunic. Hosi data mapa, komparasaun
relativu halo hosi atividade thunderstorm iha kada
area.)

» Evaluasaun lightning hosi fasilidades tranzmisaun
inklui konsiderasaun hosi insidente storm 1ha area, aas
tower no konfigurasaun, no naruk isolator string.
Overhead ground wires (OHGW) mak baibain uza ba
konduktores shield phase hosi strokes direta. Nameru
no lokasaun host OHGWs fatores maioria tha nimeru
estimadu hosi fallansu shielding sira. Relasiona
OHGWs, kombinasaun hosi lina 1zolamentu no tower
footing rezisténsia parameters nebe uza atu minimiza
lightning flashovers liuhosi lina tranzmisaun.
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» Atu heta estimadu iha akuradu hosi aprezentasaun
lightning hosi objetivu lifia dezena, transient network
analyzers (TNA), komputadores dijital no sistema
modela metodus nebe emprega atu determina hanesan
parameters hanesan nilai trip-out. Nilai korenti arester
ba aplikasaun sistema tranzmisaun bazeia ba data hosi
estudus TNA. Rezultansia transient voltajenliu hosi
estudus hirak-ne’e mak estatistiku 1tha natureza no
kombina ho estudus probabilidade izolamentu metin atu
estima aprezentasaun lightning flashover.

0.6.3 Kontaminasaun Aprezentasaun :

» Estudu dezeiu lina terseiru prinsipal mak
kontaminasaun aprezentasaun hosi izolamentu lifia
tranzmisaun. L.a hanesan korenti switching no estudus
lightning, ne’ebé estima aprezentasaun transient,
estudus kontaminasaun relasiona ba 60 Hz ka
aprezentasaun frekuensia fundamental.

» Rezultadus hosi estudus kontaminasaun hapara niveis
1zolmentu flashover hosi (1) air gaps 1ha estremu swing
angles no (2) kontaminadu isolator strings. Niveis rua
hirak-ne’e 1ha estatistiku paramenter hanesan
jeografiku lokasaun no kofigurasaun sistema
tranzmisaun (hanesan medida menara no jeometri).

Classroom Lesson (Power) —434— Tetum

2013/10/9



I

6.7 Sirkuitu Badak:

Objctivus prinsipal hosi estudus sirkuitu badak mak alista iha kraik:

Prepara informasaun ba selesaun loloos hosi relays protetivu atu
estabelese sistema aprezentasaun rekerementus no manutensaun.

Prepara informasaun ba selesaun loloos hosi breaker sirkuitu
interrompe rekerementus.

Evaluasaun voltajen durante kondisaun faulted nc’ebé sei afcta
kordensaun izolamentu no aplikasaun hosi korenti arester sira.

Dezeiia tipu no kapasidade hosi sistemas grounding.

Estabelese forsas eletromekaniku atu reziste iha fasilidades
sistema.

Prepara data ba variadade hosi kalkulasaun rede durante prosesu
planecamentu no dezefa sistema.

» Variadade hosi programas komputador dezenvolve tiha

ona hodi hala’o estudus sirkuitu badak. Balum mak
dezena espesifikamente atu fasilita estudus relay,
bainhira seluk prepara informasaun importante nebe
uza tha planeamentu. Hotu-hotu reprezenta sistema hosi
simétriku komponente ekivalente reactances hosi
fasilidades oioin. Programas jeralmente kalkula ba bus
ida-1dak hosi sistema espesifiku total three-phase no
line-to-ground bus faults, inklui efeitus hosi zero-
sequence mutual impedances. Espesifika mos
kontribuisaun three-phase no line-to-ground fault ba
lina ida-idak ka transformadoér nebe liga faulted bus.
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» Input data nebe presiza inklui indetifikasaun bus,
positivu no zero-sequence impedances hosi linas no
transformadores, no transient subtransient reactances
hosi makinas synchronous.

» Printed output inklui bus faults hotu no lina
kontribuisaun ba three-phase no line-to-ground faults
kondisaun rua ne’e hotu normal no switched. Ida-ne’e
presiza identifikasaun lais hosi servisus breaker itha
kondisaun aat, no prepara data iha forma nebe uza ba
evaluasaun obejetivus. Nune’e, variadade hosi printouts
korenti nian no voltajen bele espesifika iha
kombinasaun ruma ba faulted bus hotu-hotu.

6.8 Kordenasaun Izolamentu:

» Kordensaun izolamentu nebe define hanesan
protesaun sistemas elétriku nian no aparellus
hosi perigu voltajenliu hosi korelasaun
karakteristikas nian hosi aparellus protetivu no
ckipamentu nebe proteje.

» Atu kordena izolamentu no aparellus protetivu,
impulsa niveis voltajen nebe define iha termus
hosi rua ne’e hotu BIL (basic impulse
insulation level) no BSL (basic switching surge
level).

Classroom Lesson (Power) —436— Tetum

2013/10/9

34



» Kordenasaun izolamentu nebe define hanesan
protesaun hosi sistema elétriku no aparellus
hosi perigu voltajenliu hosi korelasaun
karakteristikas nian hosi aparellus protetivu no
ckipamentu nebe proteje. Atu kordena
izolamentu no aparellus protetivu, impulsa
niveis voltajen nebe define iha termus hosi rua
ne’e hotu BIL (basic impulse insulation level)
no BSL (basic switching surge level).

» Similaridade, BSL esplika abilidade ekipamentu
nian atu reziste korenti switching. Padronizadu
BSL waveform mak 250 2500 ne’ebé mak hatudu
katak 1ha front time hosi 250 microseconds no
sa’e metade eskala tha 2500 microseconds.

» Rezultadu hosi estudus kordenasaun izolamentu
hamate rekerementus estrese antisipada iha
sistema ekipamentu. Output sira seluk inklui BIL
no lala’ok BSL, selesaun arester, no sistema
kontrolu operasaun ba voltajenliu nebe 6 no
asume, lightning, waveshape no karakteristiku
1zolamentu metin.
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6.9 Corona no Radio Interferensia :

» Radio no television lian ka eletromagnetiku
interferensia (EMI), no audivel interferensia
nebe lais sai fatores kontralamentu iha dezefiu
no planeamentu sistemas tranzmisaun nian,
espesialmente tha EHV no UHV. Rua relatoriu
barakliu afeta ambiente kauza hosi operasaun
fasilidades tranzmisaun iha EHV no UHV (345
kV no iha leten) mak interferensia corona lian
no indusaun voltajen. (Haree Sesaun 6.10)

» Deskarga elétriku tanba corona moés ka gap
sparkover maka rekursu baziku hosi radio no
interferensia audible noise (AN). Pulsa sira afeta
hosi deskarga hirak-ne’e nebe injeta tha phase
konduktores lifia tranzmisaun ka komponentes
seluk nebe la’o ne’ebé bele halo hanesan radiating
antenna ka media tranzmisaun.

» Nune’e, EMI hosi lifias tranzmisaun nebe kauza
mos hodi kompleta deskargas elétriku liuhosi
kuak kiik sira ka parsial deskargas elétriku
hanesan corona.
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~ Rekursu gap-type lian bele hamosu iha komponentes lifia
tranzmisaun tuirmai:

a. Isolator nebe foer, cracked ka loose,
b.  Splices,

¢. Tic wires,

d.

Fntre partes hardware (clamps, brackets, insulator pins, crossarm
braces, and guy wires),

e.  Tha kuak kiik entre fiu rai no partes hardware,

f.  Ho aparellus elétriku nebe defetivu més, cstraga, desena laloos, ka
instala laloos (hanesan corroded ka loosc fuse clements, fallansu
izolamentu transformadér, lian liga iha relays, meters no regulators).

» Rekursus gap-type lian hirak-ne’e bele lokaliza hosi ekipamentu
nebe dezenia EMI hanean broadcast radio sets no bateria operadu
bele lori telespetadores televizaun Rekursu lian bele eletrikamente
sirkuitu badak ka minimiza hodi promove bonding entre adjacent
conducting parts ka hosi tightening loose connections.

» lha corona EHV no UHV (deskarga eletriku ida liuhosi ionized air) jeralmente
rekursu importante hosi interferensia lian. Corona nebe forma bainhira gradiente
voltaje sira iha gradiente kritiku leten. Ba voltajen operasaun espesifiku,
kontaminasaun konduktor mak kausa importante hosi corona. Maibe, superfisie
konduktor burrs no scratches, no kualker (rain, snow, and humidity) kausu ida
aumenta iha efek corona sira. Corona seluk hosi produtus mak enerjia loss iha
konduktores no produsaun sone (a chemical reaction of the corona discharge).
Nune’e, lifia tranzmisaun corona mak rekurus iha hosi interferensia radio (RI) no
audible noise (AN) tha EHV no UHV. Medida hosi corona depende ba kondisaun
ambiente uluk eziste ba lifia konstrusaun no mos iha nivel lian nian hosi lina
energized. Ba RI, kondisaun ambiente konsiste durasaun sinal resivu no nivel
background lian. Kualidade resepsaun nian durante kondisaun ambiente depende ba
ratio hosi komponentes rua hirak-ne’e no bolu ambiente signal-to-noise ratio
(ASNR). RI, rezulta hosi lifia tranzmisaun corona, depende ba ratio hosi durasaun
sinal resivu no nivel lian nebe produs hosi lifia. [da-ne’e refere hanesan
interferensia signal-to-noise ratio (SNR). Komparasaun hosi ASNR no SNR mak
asaun hosi corona nebe produs hosi lifia iha iha lokasaun ruma. Karik niveis rua
ne’e hotu ASNR no SNR mak aas, kualidade resepsaun sei aas mos.
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6.10 Eletroestatiku no Eletromagnetiku:

»lha EHV no UHV interese médiku no bioldjiku
tanba area clétriku gradientes no eletroestatiku
(E S) no eletromagnetiku (E M) kombinasaun
entre lifias tranzmisaun overhead no objetus
tenke konsidera.

6.10.1 Médiku no Biolojiku :

» Estudus médiku no biolojiku studies kontratu ho efeitus
pdeal fiziolojiku kona-ba umanidades, animal sira, no
plantas nebe subjeta atu haforti area elétriku. The mag
nitude of

> Durante Area elétriku (or voltage gradient) iha nivel
ground mak

> Baibain utiliza iha estudus médiku atu determina area
permisivel

» Durasaun limitasaun ba eme no animal sira besik
energized

» Linas tranzmisaun
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6.10.2 Dada Voltajen :

~ Eletroestatikamente dada voltajen nebe posivel bainhira objetu
kondutivu izola hori ground mak iha area hosi korenti alternadu
lifias overhead. Henasan més, efeitus indusaun eletromagnetiku
nebe posivel bainhira konduktores phase lifia tranzmisaun lori
korenti fault kauza dada voltajen iha open ends hosi insufisiente
grounded r kazu E S, eskala korenti xoke steady-state hosi
milliamperes lima nebe konsidera hanesan nivel "let-go" iha edisaun
1993 hosi National Electrical Safety Code (NESC). Konsiderasaun
pratiku seluk bele ditadu katak eskala korenti xoke tau iha
milliampere kraik ida nivel "threshold of perception” 1. Ba kazu
E M , tempu objetu grounding nebe bazeia ba niveis transient
korenti liuhosi ema ka animal.

~ Rezultadu hosi estudus E S no E M ajuda determina rekerementus
grounding ba objetus estasionariu metaliku (parede no um) no izola
veikulus kondutivu.

6.11 Fasilidade Ekonomikas
Tranzmisaun :

» Sistema estudu ikus diskute mak fasilidade ekondémikas
tranzmisaun nian. Fatores balun katak tenke konsidera
estudu ekonomiku inklui tower, conductor, accessory,
no gastus right-of-way. Bainhira fatores sira-ne’e hotu
tama iha estudu gastus tranzmisaun nian, elementus
baziku rua nebe signifikante importansia mak (1)
kapasidade load-carrying hosi lifias tha termus voltajen
no distansia nian, no (2) ekipamentu asosiadu,
transformadores partikularmente no switchgear.
Relasiona tranzmisaun rua ne’e hotu kapasidade no
gastu mak elementu datoluk; evaluasaun hosi
ekonomikas hosi estasoun intermédiu switching sira itha
estudu fasilidade tanzmisaun ekonoémika mak tuirmai:
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Diametru saida hosi konduktor mak presiza atu redus interferensia
radio no corona loss ba niveis asetadu?

Lifia izolamentu saida mak nesesariu?
Saida mak tenke estasaun ckipamentu BIL nian iha?
Karga hira mak bele seguru asosiadu ho sirkuitu tranzmisaun ida?

Komparasaun ckonémiku saida mak ho voltajen tranzmisaun kiik
ka maske tanzmisaun korenti voltajen direta (HVDC) ba instalsaun
sira balun?

Saida mak rekerementus eletroestatiku no eletromagnetiku atu
minimiza e¢fcitus hosi indusaun voltajen no arca gradientes iha
umanidades, animal sira, plantas besik lifian overhead?

7. KONKLUZAUN:

»lha konkluzaun, rezumu ida hosi sistemas
estudu sanulu resin ida nebe aprezenta atu
apoia fasilidades tranzmisaun finanseiru-REA
hosi 34.5 to 765 kV. Estudus hirak-ne’e maske
bele kompleta mos nesesidade nebe sira alista
iha orden prioridade. Kada estudu tenke
konsidera ba fasilidade espesifiku tuir pergunta
nebe sistema aprezentasaun bele observa no
evalua.
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