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Typy modelu

VS reSeni poméru
Soustredéné vs rozprostrené prvky schématu

Nahradni schéma ve tvaru €lanku: I1, T, ['1,2, Steinmetz
- Vliv na pfesnost ziskanych prabéhu simulovaného déje

Vypocty ustalenych stavu, tedy efektivnich hodnot veli€in:
- I (100 km vzdusné vedeni, 25 km kabelové)

- (300 km vzdusné vedeni, 100 km kabelové)

- T (dtto jako IT)

- Steinmetz (vzdusné vedeni do 500 km, kabelové do 200 km)
R R1 F1

R1 F1 &HE

TT-élének T-élanek




Model vyuzivajici provozni parametry

Provozni parametry: Rp, Lp, Cp, Gp

+

- Uplatnitelné i pfi neznalosti pfesnych konstrukénich parametru
- Vhodné pro simulace ustalenych symetrickych stavu

- Nepfesné vysledky prabéhu veliin pfi nesymetriich i pfechodnych
déjich — nejsou respektovany vzajemné vazby prvku (L, C)
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Model vyuzivajici provozni parametry

Submodel Properties

Discrete LRCG transmission line element

v Iame: Type:
CRG1 lcrg. mod

v Parameters:

QK

Zance|

Help

Parameters from a catalog: |

12 4™ ag® g ao® oi? it o o

Parameter | Value Description

dL 1 [H] inductane

dC 1 [F] capacitance

dr. ] [Dhm] resistance

di 0 [Chm+-1] conductance

K1

|

Expression...

e

:» Discrete LRCG transmission line element

LCRG

A, .. positive terminal of port A

B, .. positive terminal of port B

C/ .. common reference terminal

dL=1, : [H]inductane

dC =1, : [F]capacitance

dR =0, :[Ohm]resistance

dG =0; ::[Ohm”-1] conductance

L1 A-B =dL;

R1-L1=dR; n R

ClB-C=dC; A B

GlB-C=dG; & * -
’ dG

EO@;




Model vyuzivajici
provozni parametry

LCRG1

-—

TA1 TA2

dL=Lpkm*lv,dC=Cpkm*lv,dR=Rpkm*lv,dG=Gpkm*lv

LCRG2
il =] yez

.>—L’JdL=kam*Iv,dC=Cpkm*Iv,dR=Rpkm*lv,dG=kam*Iv

LCRG3

TC1 TCZ

-—

L €]

dL dR
A

— O\

] dL=Lpkm*lv,dC=Cpkm*lv,dR=Rpkm*lv,dG=Gpkm*lv

B

‘dC
+

A1|:|(W\. A2
B1 -r_T_ B2
—%a—
C1 -r_T_ c2
—:l%»—

T4

t
+

R

dG

parametresl ::

Al,:: input terminal of the phase A
A2,.. output terminal of the phase A
B1,:: input terminal of the phase B
B2,:: output terminal of the phase B
C1,:: input terminal of the phase C
C2,:: output terminal of the phase C
G/:: common reference terminal

Rpkm=0.2, :: [Ohm/km] series resistance
per unit length

Gpkm=25n, :: [S/km] shunt leakage
conductance per unit length

Lpkm=1m, :: [H/km] operating inductance
per unit length

Cpkm=10n, :: [F/km] operating
capacitance per unit length

lv=15; :: [km] length of the line

LCRG1 > @lcrg A1,A2,G /
dL=Lpkm*lv,dC=Cpkm*lv,dR=Rpkm*lv,
dG=Gpkm*lv;

LCRG2 > @lcrg B1,B2,G /
dL=Lpkm*lv,dC=Cpkm*lv,dR=Rpkm*lv,
dG=Gpkm*lv;

LCRG3 > @lcrg C1,C2,G/
dL=Lpkm*lv,dC=Cpkm*lv,dR=Rpkm*lv,
dG=Gpkm*lv;

EO@;



Model vyuzivajici
provozni parametry

Submodel Properties

parametresi

v Mame:

v Parameters:

Farameters from a catalog:

Type:
parametres 1.mod

)X

QK

Cancel

Help

Farameter
Fpkm
zpkm
Lpkm
Cpkm
Iv

Value
0.2
25N
im
10n
15

Description

[Ohm/km] series resistance per unit length
[5/km] shunt leakage conductance per ...
[Hfkm] operating inductance per unit le...
[F/km] operating capacitance per unit e, ..

[km] length of the line

0™ g™ ag® a0 a0t 0 w0® ¥ m Expression...

parametresl ::

Al,:: input terminal of the phase A
A2,.. output terminal of the phase A
B1,:: input terminal of the phase B
B2,:: output terminal of the phase B
C1,:: input terminal of the phase C
C2,:: output terminal of the phase C
G/:: common reference terminal

Rpkm=0.2, :: [Ohm/km] series resistance
per unit length

Gpkm=25n, :: [S/km] shunt leakage
conductance per unit length

Lpkm=1m, :: [H/km] operating inductance
per unit length

Cpkm=10n, :: [F/km] operating
capacitance per unit length

lv=15; :: [km] length of the line

LCRG1 > @lcrg A1,A2,G /
dL=Lpkm*lv,dC=Cpkm*lv,dR=Rpkm*lv,
dG=Gpkm*lv;

LCRG2 > @lcrg B1,B2,G /
dL=Lpkm*lv,dC=Cpkm*lv,dR=Rpkm*lv,
dG=Gpkm*lv;

LCRG3 > @lcrg C1,C2,G/
dL=Lpkm*lv,dC=Cpkm*lv,dR=Rpkm*lv,
dG=Gpkm*lv;

EO@;



Model vyuzivajici prepocitané provozni
hodnoty parametru

Prepocitané provozni parametry: Rp, Lv, M, Co, Cvz, Gp

+

- Ponékud presnéjsi vysledky simulaci nesymetrickych ustalenych
stavu i pfechodnych déju
- Dulezité pro zjistovani prubéhu dil€ich veli¢in na vedeni

- Nutna znalost alespon vzajemnych poméru velikosti mezi pasivnimi
veliCinami
Cp — axCo Lp — axLv
— b*Cvz — bxM



A It parametres2 ::
M Od e I Vyu Z I VaJ I C I Al, .- input terminal of the phase A

v v 7 ’ ’ A2, . output terminal of the phase A
pre pOCItane provozn I B1, :: input terminal of the phase B
B2, :: output terminal of the phase B
h Od n Oty pa ra m etrlj C1, :: input terminal of the phase C
C2, :: output terminal of the phase C
G/ :: common reference terminal
Rpkm=0.2, :: [Ohm/km] series resistance per unit length
LCRGT ] T A2 Gpkm=25n, ::[S/km]shunt leakage conductance per unit length
dL=0,dC=(1.9/4.9)"Cpkm*Iv,dR=Rpkm*lv,dG=Gpkm"| g ?1729)*Cp|<m*|v Lpkm=1m, :: [H/km] operating inductance per unit length
Cpkm=10n, ::[F/km]operating capacitance per unit length
LCRG2 162 lv=15; :: [km] length of the line

dL=0,dC=(1.9/4.9)*Cpkm*lv,dR=Rpkm*lv,dG=Gpkm"*|y Cbc
——(1/4.9)*Cpkm*lv

LCRG1 > @lcrg 1,A2,G/

LCRG3 dL=0,dC=(1.9/4.9)*Cpkm*Iv,dR=Rpkm*lv,

R ez dG=Gpkm*lv;
Lpkm*lv | dL=0,dC=(1.9/4.9)*Cpkm*lv,dR=Rpkm*lv,dG=Gpkm?* :l_ 852 orcpmy  LCRG2 > @lorg 2,82,G /
S dL=0,dC=(1.9/4.9)*Cpkm*lv,dR=Rpkm*lv,
dG=Gpkm*lv;

LCRG3 > @lcrg 3,C2,G/
dL=0,dC=(1.9/4.9)*Cpkm*lv,dR=Rpkm*lv,

% dG=Gpkm*lv;

T=' Cab A2-B2 = (1/4.9)*Cpkm*lv;
% ﬂ Cbc B2-C2 = (1/4.9)*Cpkm*lv;
T Cca C2-A2 = (1/4.9)*Cpkm*lv;
ﬂ La Al-1 = Lpkm*lv;
Lb B1-2 = Lpkm*lv;

veiv s s v i Lc C1-3 = Lpkm*lv;
Model pouze rozsSirujici pouziti Mab La-Lb = LpkmIv;
provoznich parametru Mbe Lb-Le = Lpkm1v;
Mca Lc-La = Lpkm*lv;
EO©@:



A It parametres2 ::
MOdeI VyUZIVaJ ICI Al, .- input terminal of the phase A

v v 7 ’ ’ A2, . output terminal of the phase A
pre pOCItane provozn I B1, :: input terminal of the phase B
B2, :: output terminal of the phase B
hod nOty pa rametrloj C1, :: input terminal of the phase C
C2, :: output terminal of the phase C
Submodel Properties G/ ;. common reference tgrminal -
Rpkm=0.2, :: [Ohm/km] series resistance per unit length
parametres2 oK Gpkm=25n, ::[S/km] shunt I.eak.age conductance per unit length
Lpkm=1m, :: [H/km] operating inductance per unit length
Cancel Cpkm=10n, ::[F/km]operating capacitance per unit length
v Name: Type: Help lv=15; :: [km] length of the line
parametres2,mod —_—
LCRG1 > @Ilcrg 1,A2,G / dL=0,dC=(1.9/4.9)*Cpkm*lv,dR=Rpkm*lv,
v Parameters: dG=Gpkm*Nv:
Parameters from a catalog: | LCRG2 > @lcrg 2,B2,G / dL=0,dC=(1.9/4.9)*Cpkm*lv,dR=Rpkm*lv,
Parameter | Value Description dG=Gpkmlv;
R.pkm 0.2 [Dhm/km] series resistance per unit length LCRG3 > @lerg 3,C2,G / dL=0,dC=(1.9/4.9)*Cpkm*lv,dR=Rpkm*lv,
Gpkm 25n [5/km] shunt leakags conductance per ... dG=Gpkm*lv;
Lpkm 1m [H/km] operating inductance per urit le, .. Cab A2-B2 = (1/4.9)*Cpkm*lv;
Cpkm 10m [Fkm] operating capacitance per unit le, .. Cbc B2-C2 = (1/4.9)*Cpkm*lv;
by 15 [km] length of the line Cca C2-A2 = (1/4.9)*Cpkm?*lv;
La Al-1 = Lpkm*lv;
Lb B1-2 = Lpkm*lv;
Lc C1-3 = Lpkm*lv;
g’ g™ qg? 49¢ 10 0% w® w0® 0% | T Expression... | Mab La-Lb = Lpkm*lv;
Mbc Lb-Lc = Lpkm*lv;
Mca Lc-La = Lpkm*lv;
EOC@;



Model vyuzivajici stfedni hodnoty parametru

Stredni hodnoty parametrut: Rp, Lv, M, Co, Cvz, Gp
+

- Pfesnéjsi vysledky simulaci nesymetrickych ustalenych stavu i
pfechodnych déju
- Dulezité pro zjistovani prubéhu dil€ich veli¢in na vedeni

- Nutna znalost alesponi vSech stfednich pasivnich parametru



Model vyuzivajici stredni
hodnoty parametru

T AR

LCRGT

TA2

+
Lvikm*Iv

Lb

=
dL=0,dC=COkm*|

LCRG2

dR=Rpkm*lv,dG=Gpkm*lv

— (Cab

== Cvzkm*lv

T B2
A -—
Lvlkm*lv | et ChC
_ _ . _ . _ . —— Cvzkm*lv
Mbc dL=0,dC=COkm*Iv{dR=Rpkm*lv,dG=Gpkm*lv
Lc Mca LCRG3
Lvikm*lv LlJ—< —

dL=0,dC=COkm*|

! dR=Rpkm*lv,dG=Gpkm*lv

8 G

0

1]
tll]

R

:— Cvzkm*lv

parametres3 ::
Al,

A2,

B1,

B2,

C1,

C2,

G/

Rpkm = 0.2,
Gpkm = 25n,
Lvlkm = 2m,
Mvzkm = 1m,
COkm = 10n,
Cvzkm = 4n,
v =15;

:: input terminal of the phase A

:: output terminal of the phase A

:: input terminal of the phase B

:: output terminal of the phase B

:: input terminal of the phase C

:: output terminal of the phase C

:: common reference terminal

:: [Ohm/km] series operating resistance

:: [S/km] shunt leakage operating conductance
:: [H/km] the middle value of self-inductance

:: [H/km] the middle value of mutual inductance
:: [F/km] the middle earth capacitance

:: [F/km] the middle value of capacitance

:: [km] length of the line

LCRG1 > @lcrg 1,A2,G / dL=0,dC=COkm*lv,dR=Rpkm*lv,

dG=Gpkm*lv;

LCRG2 > @lcrg 2,B2,G / dL=0,dC=COkm*|v,dR=Rpkm*lv,

dG=Gpkm*lv;

LCRG3 > @lcrg 3,C2,G / dL=0,dC=COkm*lv,dR=Rpkm*lv,

dG=Gpkm*lv;

Cab A2-B2 = Cvzkm*lv;
Cbc B2-C2 = Cvzkm*lv;
Cca C2-A2 = Cvzkm*lv;
La Al1-1 = Lvikm*lv;

Lb B1-2 = Lvlikm*lv;

Lc C1-3 = Lvikm*lv;
Mab La-Lb = Mvzkm*lv;
Mbc Lb-Lc = Mvzkm*|lv;
Mca Lc-La = Mvzkm*lv;
EOC@;



parametres3 ::

A 4 LI A 4 v 7 Al :: input terminal of the phase A
MOdeI VyUZIVaJ ICI Stredn I A2, :: output terminal of the phase A
o B1, :: input terminal of the phase B
hOd nOty pa rametru B2, : output terminal of the phase B
C1, :: input terminal of the phase C
C2, :: output terminal of the phase C
Submodel Properties G/ ;. common refer-ence terminal .
Rpkm = 0.2, ::[Ohm/km] series operating resistance
parametres3 oK Gpkm = 25n, ::[S/km] shuntlleakage operating. conductance
Lvlkm = 2m, :: [H/km]the middle value of self-inductance
Cancel Mvzkm = 1m, :: [H/km] the middle value of mutual inductance
v Mame: Type: Help COkm = 10n, :: [F/km]the middle earth capacitance
| parametres3.mod —_— Cvzkm = 4n, :[F/km]the middle value of capacitance
Iv = 15; :: [km] length of the line
v Parameters:
Parameters from a catalog: | LCRG1 > @lcrg 1,A2,G / dL=0,dC=COkm*lv,dR=Rpkm*lv,
e dG=Gpkm*lv;
Parameter | Value Description
Fpkm Q.2 [Dhmfkm] series operating resistance p... LCRG2 > @lerg 2,82,G / dL=0,dC=COkm”lv,dR=Rpkmv,
Gpkm 25n [S/km] shunt leakage operating conduct. .. dG=Gpkm*lv;
Lvlkm 2m [H/km] the middle value of selfdnductan... LCRG3 > @lcrg 3,C2,G / dL=0,dC=COkm*lv,dR=Rpkm*lv,
My zkm 1m [Hfkrn] the middle value of mutual induc. .. dG=Gpkm*lv;
COkm 10n [F/km] the middle earth capactance per... Cab A2-B2 = Cvzkm*Iv:
Cvzkm 4n [Ffkm] the middle value of capacitance ... Cbc B2-C2 = Cvzkm*lv:
i 15 [km] length of the line
Cca C2-A2 = Cvzkm?*lv;
La Al1-1 = Lvikm*lv;
s 12 19 7 @ i 1? w? | om Expression. .. | Lb B1-2 = Lvikm*lv;
Lc C1-3 = Lvikm*lv;
Mab La-Lb = Mvzkm*Iv:;
Mbc Lb-Lc = Mvzkm*|lv;

Mca Lc-La = Mvzkm*lv;
EO@;



Model vyuzivajici detailni hodnoty
parametru pro kazdou fazi

Individualni fazové a mezifazové parametry:
Rp, Lva, Lvb, Lvc, Mab, Mbc, Mca, Coa, Cob, Coc, Cvzab, Cvzbc, Cvzca, Gp

+

- Nejpresnéjsi vysledky simulaci nesymetrickych ustalenych stavu i
pfechodnych déju

- Dulezité pro zjistovani prubéhu dil¢ich veli¢in na vedeni

- Nutna znalost vSech individualnich pasivnich parametru



Model vyuzivajici detailni

hodnoty pro kazdou fazi

TA2

+
Lvibkm*lv
Mbc
C1 c

!

T~

dL=0,dC=Ca0km*Iv,d
LCRG2

R=Rpkm*lv,dG=Gpkm*lv

Cab

== Cabkm*lv

TB2

Mca

L
dL=0,dC=CbOkm*Iv,

LCRG3

4
R=Rpkm*lv,dG=Gpkm*lv

e ChcC

 Cbckm*lv

TCZ

L
+
Lvickm

=]
gl

dL=0,dC=CcOkm*lv,

4
dR=Rpkm*Iv,dG=Gpkm*lv

[ J€]

Tl

1]

R

ultl

+
—

— (CCa

J_ Ccakm*Ilv

parametres4 ::

Al, :: input terminal of the phase A
A2, :: output terminal of the phase A
B1, :: input terminal of the phase B
B2, :: output terminal of the phase B
C1, :: input terminal of the phase C
C2, :: output terminal of the phase C

G/ :: common reference terminal

Rpkm = 0.2, ::[Ohm/km] series resistance

Gpkm = 25n, :: [S/km] shunt leakage conductance

Lvlakm = 2.3m, :: [H/km] self-inductance phase A

Lvibkm = 2.3m, :: [H/km] self-inductance phase B

Lvickm = 2.3m, :: [H/km] self-inductance phase C

Mabkm = 1.5m, :: [H/km] mutual inductance phases A and B
Mbckm = 1.5m, :: [H/km] mutual inductance phases B and C
Mcakm = 1.5m, :: [H/km] mutual inductance phases C and A
CaOkm = 4.2n, :: [F/km] earth capacitance phase A

CbOkm = 4.2n, :: [F/km] earth capacitance phase B

CcOkm = 4.2n, :: [F/km] earth capacitance phase C

Cabkm = 2n, ::[F/km] capacitance phases A and B
Cbckm = 2n, :: [F/km] capacitance phases B and C
Ccakm = 2n, :: [F/km]capacitance phases C and A
v =20; :[km]length of the line



Model vyuzivajici detailni
hodnoty pro kazdou fazi

Submodel Properties

parameires4 Ok
Cancel
v Tame: Type:
: Help
overhead line parametres4,mod
v Parameters:
Farameters from a catalog: |
Farameter | Value Description A
R.pkm 0.2 [Dhm/km] series resistance per unit ...
Gpkm 25m [5/km] shunt leakage conductance p...
Lvlakm 2.3m [Hfkm] selfinductance per unit leng. ..
Lvlbkm 2.3m [Hfkm] self4inductance per unit leng. ..
Lvlckm 2.3m [Hjkm] self4nductance per unit leng. ..
Mabkm 1.5m [Hfkrn] mutual inductance per unit le...
Mbckm 1.5m [Hf%rm] mutual inductance per unit le...
Meakm 1.5m MH&m] mutual inductance per unit le,,,

o™= 40 ag? ag® a0 o ot ot w® | om Expressil:un...|

parametres4 ::

Al, :: input terminal of the phase A

A2, :: output terminal of the phase A

B1, :: input terminal of the phase B

B2, :: output terminal of the phase B

C1, :: input terminal of the phase C

C2, :: output terminal of the phase C

G/ :: common reference terminal

Rpkm = 0.2, ::[Ohm/km] series resistance

Gpkm = 25n, :: [S/km] shunt leakage conductance

Lvlakm = 2.3m, :: [H/km] self-inductance phase A

Lvlbkm = 2.3m, :: [H/km] self-inductance phase B

Lvickm = 2.3m, :: [H/km] self-inductance phase C

Mabkm = 1.5m, :: [H/km] mutual inductance phases A and B
Mbckm = 1.5m, :: [H/km] mutual inductance phases B and C
Mcakm = 1.5m, :: [H/km] mutual inductance phases C and A
CaOkm = 4.2n, :: [F/km] earth capacitance phase A

CbOkm = 4.2n, :: [F/km] earth capacitance phase B

CcOkm = 4.2n, :: [F/km] earth capacitance phase C

Cabkm = 2n, ::[F/km] capacitance phases A and B

Cbckm = 2n, :: [F/km] capacitance phases B and C

Ccakm = 2n, :: [F/km]capacitance phases C and A

v =20; ::[km]length of the line



Model vyuzivajici detailni
hodnoty pro kazdou fazi

Submodel Properties

parameires4 Ok
Cancel
v [ame: Type:
: Help

overhead line parametres4,mod
v Parameters:
Farameters from a catalog: |

Farameter | Value Description A
Mzakm 1.5m [Hkm] mutual inductance per unit le...
Cadkm 4.2n [F/km] earth capacitance per unitle. ..
Chidkm 4,2n [F/km] earth capacitance per unitle. ..
Cookm 4,2n [Fkm] earth capacitance per unitle. ..
Cabkm Zn [F/km] capacitance per unit length b...
Chickm 2n [F/km] capacitance per unit length b...
Crakm 2n [F/km] capacdtance per unit length b...

I 20 Mkml lenath of the line s

o™= 40 ag? ag® a0 o ot ot w® | om Expressil:un...|

LCRG1 > @lcrg 1,A2,G / dL=0,dC=Ca0km*lv,dR=Rpkm*lv,
dG=Gpkm*lv;

LCRG2 > @lcrg 2,B2,G / dL=0,dC=Cb0Okm*lv,dR=Rpkm*lv,
dG=Gpkm*lv;

LCRG3 > @lcrg 3,C2,G / dL=0,dC=CcOkm*lv,dR=Rpkm*lv,
dG=Gpkm*lv;

Cca C2-A2 = Ccakm*lv;

Cab A2-B2 = Cabkm*Iv;

Cbc B2-C2 = Cbckm*lv;

La Al1-1 = Lvlakm*lv;

Lb B1-2 = Lvibkm*lv;

Lc C1-3 = Lvickm*Iv;

Mab La-Lb=Mabkm*Iv;

Mbc Lb-Lc=Mbckm*Iv;

Mca Lc-La=Mcakm*Iv;

EOC@;



Model vyuzivajici detailni

hodnoty pro kazdou fazi

Al, :: input terminal of the phase A
A2, :: output terminal of the phase A
B1, :: input terminal of the phase B
B2, :: output terminal of the phase B
C1, :: input terminal of the phase C
C2, :: output terminal of the phase C
G/ :: common reference terminal

Rpkm = 0.2, :: [Ohm/km] series resistance per unit
length

Gpkm = 25n, :: [S/km] shunt leakage conductance per
unit length

Lvlakm = 2.3m,
for phase A

Lvibkm = 2.3m,
for phase B

Lvickm = 2.3m,
for phase C

Mabkm = 1.5m, :: [H/km] mutual inductance per unit
length between phases A and B

Mbckm = 1.5m, :: [H/km] mutual inductance per unit
length between phases B and C

Mcakm = 1.5m, :: [H/km] mutual inductance per unit
length between phases C and A

:: [H/km] self-inductance per unit length
:: [H/km] self-inductance per unit length

:: [H/km] self-inductance per unit length

CalOkm = 4.2n, :: [F/km] earth capacitance per unit length
for phase A
CbOkm = 4.2n, :: [F/km] earth capacitance per unit length

for phase B

CcOkm = 4.2n, :: [F/km] earth capacitance per unit length
for phase C
Cabkm = 2n, :: [F/km] capacitance per unit length

between phases A and B

Cbckm = 2n, :: [F/km] capacitance per unit length
between phases B and C

Ccakm = 2n, ::[F/km] capacitance per unit length
between phases C and A

Ilv=20; ::[km] length of the line

LCRG1 > @lcrgl,A2,G/dL=0,dC=Ca0km*lv,dR=Rpkm*lv,
dG=Gpkm*lv;

LCRG2 > @lcrg2,B2,G/dL=0,dC=CbOkm*Iv,dR=Rpkm*lv,
dG=Gpkm*lv;

LCRG3 > @lcrg3,C2,G/dL=0,dC=CcOkm*Iv,dR=Rpkm*lv,
dG=Gpkm*lv;

Cca C2-A2 = Ccakm*lv;

Cab A2-B2 = Cabkm*lv;

Cbc B2-C2 = Cbckm*lv;

La Al-1 = Lvlakm*lv;

Lb B1-2 = Lvlbkm*lv;

Lc C1-3 = Lvickm*lv;

Mab La-Lb=Mabkm*lv;

Mbc Lb-Lc=Mbckm?*lv;

Mca Lc-La=Mcakm?*lv;

EOC@;



Model vyuzivajici stredni konstrukcni
parametry

ds, hs, rv, Rp, Gp

+

- Pfesnéjsi vysledky simulaci nesymetrickych ustalenych stavu i
pfechodnych déju

- Dulezité pro zjistovani prubéhu dil€ich veli¢in na vedeni

- Nutna znalost alespon stfednich rozmérovych parametru
(urCenych geometrii)



Model vyuzivajici detailni konstrukcni
parametry

dab, dbc, dca, ha, hb, he, rv, Rp, Gp

+

- Nejpresnéjsi vysledky simulaci nesymetrickych ustalenych stavu i
pfechodnych déju

- Dulezité pro zjistovani prubéhu dil€ich veli¢in na vedeni

- Nutna znalost vSech rozmérovych parametru
(urCenych geometrii)



Model vyuzivajici
konstrukcni
parametry

W LCRG1A A2
+ -
Lvikm*lv dL=0,dC=CaOkm*lv,dR=Rpkm*lv,dG=Gpkm{gem=== Cab construction? -

. Cabkm*lv

Al, :: input terminal of the phase A

% — HCRG2B T B2 A2, :: output terminal of the phase A
Lvikm*lv dL=0,dC=CbOkm*lv,JR=RpkmIv,dG=Gpkm{/ges== Coo B1, :: input terminal of the phase B
B2, :: output terminal of the phase B
Ti;\ﬂ%f\ LCRG3C "c2 C1, :: input terminal of the phase C
+ s . C2, :: output terminal of the phase C
Lvlkm*Ilv dL=0,dC=CcOkm*lv,dR=Rpkm*lv,dG=Gpkm /|ty Cca .
:|_ Ccakm®lv G/ :: common reference terminal
"G Rpkm = 0.2, :: [Ohm/km] series resistance per unit length
Gpkm = 25n, :: [S/km] shunt leakage conductance per unit length
— d I ha=10, ::[m] height of the suspension point of the phase conductor A
hb=10, ::[m] height of the suspension point of the phase conductor B
hc=10, :: [m] height of the suspension point of the phase conductor C
] I . dab=1.5, :: [m] conductors distance between phases A and B
h dbc=1.5, :: [m] conductors distance between phases B and C
— — dca=3, ::[m] conductors distance between phases C and A
r=0.01, ::[m] conductor radius

lv=15; :: [km] length of the line



Model vyuzivajici

konstrukcn
parametry

construction2
Cancel
[ Mame: Type: |
He
construction2.mod ﬁ
[v Parameters:
Parameters from a catalog: |
Farameter | Value Description -
Fipkm 0.2 [Thmkm] series resistance per unit ...
Gpkm 25n [5/km] shunt leakage conductance p...
ha 10 [rn] height of the suspension point o...
hb 10 [m] height of the suspension point o...
hc 10 [m] height of the suspension point o...
dab 1.5 [m] conductors distance between p...
dbc 1.5 [m] conductars distance between p...
dca 3 Iml conductors distance between o,., ¥
0™ g™ a7? g® w® wn® 0 o® 0% m Expression...

' 4

construction?2 ::

Al, :: input terminal of the phase A
A2, :: output terminal of the phase A
B1, :: input terminal of the phase B
B2, :: output terminal of the phase B
C1, :: input terminal of the phase C
C2, :: output terminal of the phase C
G/ :: common reference terminal

Rpkm = 0.2, :: [Ohm/km] series resistance per unit length
Gpkm = 25n, :: [S/km] shunt leakage conductance per unit length

ha=10, ::[m] height of the suspension point of the phase conductor A
hb=10, ::[m] height of the suspension point of the phase conductor B
hc=10, :: [m] height of the suspension point of the phase conductor C

dab=1.5, :: [m] conductors distance between phases A and B
dbc=1.5, :: [m] conductors distance between phases B and C
dca=3, ::[m] conductors distance between phases C and A
r=0.01, ::[m] conductor radius
lv=15; :: [km] length of the line



Model vyuzivajici

konstrukcn
parametry

construction2
Cancel
[v Mame: Type: |
He
sl e g-ghtaas)y#a]  construction2.mod ﬁ
[v Parameters:
Parameters from a catalog: |
Farameter | Value Description -
hb 10 [rn] height of the suspension point ...
hc 10 [rn] height of the suspension point ...
dab 1.5 [r] conductors distance between p...
dbc 1.5 [m] conductors distance between p...
dca 3 [m] conductors distance between p...
r 0.01 [m] conductor radius
v 15 [km] length of the line
L
0= g™ qg® ag® o0 0® w0® 0 0¥ Expression...

' 4

construction?2 ::

Al, :: input terminal of the phase A
A2, :: output terminal of the phase A
B1, :: input terminal of the phase B
B2, :: output terminal of the phase B
C1, :: input terminal of the phase C
C2, :: output terminal of the phase C
G/ :: common reference terminal

Rpkm = 0.2, :: [Ohm/km] series resistance per unit length
Gpkm = 25n, :: [S/km] shunt leakage conductance per unit length

ha=10, ::[m] height of the suspension point of the phase conductor A
hb=10, ::[m] height of the suspension point of the phase conductor B
hc=10, :: [m] height of the suspension point of the phase conductor C

dab=1.5, :: [m] conductors distance between phases A and B
dbc=1.5, :: [m] conductors distance between phases B and C
dca=3, ::[m] conductors distance between phases C and A
r=0.01, ::[m] conductor radius
lv=15; :: [km] length of the line



Model vyuzivajici
konstrukCni parametry

Lvlkm=(0.46*log10(2E3/r)-0.15)*1e-3; Cabkm=-ig12;
Mabkm=(0.46*log10(2E3/dab)-0.2)*1e-3; Cbckm=-iq23;
Mbckm=(0.46*log10(2E3/dbc)-0.2)*1e-3; Ccakm=-iql3;
Mcakm=(0.46*log10(2E3/dca)-0.2)*1e-3;
g11=41.3E6*log10(2*ha/r), LCRG1A> @lcrg 1,A2,G / dL=0,dC=Ca0Okm*lv,dR=Rpkm*lv,
g22=41.3E6*log10(2*hb/r); dG=Gpkm*lv;
033=41.3E6*log10(2*hc/r); LCRG2B > @lcrg 2,B2,G / dL=0,dC=Cb0Okm*lv,dR=Rpkm*lv,
012=41.3E6*l0g10(sqrt(4*ha*hb+dab**2)/dab); dG=Gpkm*lv;
g23=41.3E6*log10(sqrt(4*hb*hc+dbc**2)/dbc); LCRG3C > @lcrg 3,C2,G / dL=0,dC=CcOkm*lv,dR=Rpkm?*lv,
031=41.3E6*l0g10(sqrt(4*hc*ha+dca**2)/dca); dG=Gpkm?*lv;
det=(ql11*q22*q33+ql2*q23*q31+q31*ql2*q23-q22*q31**2-
011*q23**2-033*q12**2); Cab A2-B2 = Cabkm*lv;
Cbc B2-C2 = Chckm*lv;
i911=(q22*q33-023**2)/det; Cca C2-A2 = Ccakm*Iv;
i912=-(q12*933-031*q23)/det; Lvla A1-1 = Lvikm*lv;
i913=(q12*q23-g31*q22)/det; Lvlb B1-2 = Lvlkm*lv;
i022=(q11*q33-q31**2)/det; Lvic C1-3 = Lvlkm*lv;
i023=-(q11*923-931*q12)/det; Mab Lvla-Lvlb = Mabkm*v;
i033=(q11*q22-q12**2)/det; Mbc Lvib-Lvic = Mbckm*lv;
Mca Lvlc-Lvla = Mcakm*lv;
CaOkm=(igl1+ig12+iql3); EO@;

CbOkm=(ig12+ig22+ig23);
CcOkm=(iq31+iq23+iq33);



Jednofazové vedeni

- Respektovani fazoveho i zpétného / stredniho vodice

- Pro dvojité jednofazové vedeni respektovani dvou stfednich vodicu
- Standardni vypocet pasivnich parametrt

- Implementace vlivu do kapacity fazového

vodicCe TLin %‘% TL_out
+
I r I l
+|G_ph1 G_ph2
n 92 — Cj_zph2 g/z
c

1 1

T N_out = T N_in

||

e C_ph
/2

||

Single_1ph_line1?? Single_1ph_line2?7? Double_1ph_line??

—] [—

L N _ | _L1. .N1
® © L:E
| NE — OA%

T 1|




Vnitrni struktura modelu jednofazoveho
vedeni

Pripojovaci terminaly:

Vkladané parametry:

S =10, . [mm”2] conductor cross-section

ti=2, :: [mm] insulation thickness

eps =2.5, ::[-] insulation relativ permitivity

v =100, .. [m] length of the line

Iph_n=10.5, ::[m]distance between phase and neutral
conductors

h=15, .. [m] phase conductor heigh above ground

ro = 0.0265, :: [uOhm.m] conductor resistivity at 20°C
rog =100, ::[Ohm.m] ground resistivity
t =20, .. [°C] actual temperature

alpha = 0.00429, :: [K"-1] temperature coefficient of
resistance

ro_in = 1el13;:: [Ohm.m] insulation resistivity

Pomocné interni vypocty:
r_con=((S/1P1)**0.5)*1e-3;
ro_real=ro*(1+alpha*(t-20));
r=ro_real*Iv/S;

Dg=79.5*rog**0.5;
|I=(0.46*log10(Dg/(r_con*0.78)))*Iv*1e-6;
mph_n=0.46*log10(Dg/lph_n)*lv*1e-6;
ri=r_con+ti*1e-3;
b=((2*h)**2+(Iph_n**2))**0.5;
alphall=log((2*h/ri)*(ri/r_con)**(1/eps))/(2PI*8.854e-12);
alphal2=log(b/Iph_n)/(2P1*8.854e-12);
c=(1/(alphall-alphal2))*lv;
r_in=(1/((2P1)/(ro_in)))*log(ri/r_con);
g=(1/r_in)*lv;

Prifazeni vypocitanych hodnot pasivnim prvkiim
ve schématu:

R _phL_in-L out=r;
R_nN_in-N_out=r;

L ph-R _ph=1I;
Ln-Rn=l

ML _ph-L n=mph_n;
C phlL_in=c/2;

C _ph2 L_out=c/2;

G _phlL_in=g/2;
G_ph2 L _out=g/2;



L1 1

Trojfazova vedeni NN

- Respektovani fazovych i zpétného / stfedniho vodice
- Standardni vypocet pasivnich parametrt
- Implementace vlivu

do fazovych vodicu, _|—1 L, L L,-L, L L,-L, |
nelze tedy vyuzit pro $ifeni T LZZ L,
po zemnim lané. Lios = LZl_ZZTleZ L, —L—ZZZZ L, — ZZLZZL&
_LGZ.le _L32'L22 _ng
L31 LZZ L32 LZZ L3 LZZ |

Single 3ph line 17? Slngle 3ph line 27?7 Single 3ph line 37?7?
| W L2 L1

11
LI
Hl!
LI
HER




L1 1

Trojfazova vedeni NN

- Respektovani fazovych i zpétného / stfedniho vodice
- Standardni vypocet pasivnich parametrt
- Implementace vlivu

do fazovych vodicu —5 5 o 5.5, s _
_511 01, 013 Oy | ; O ; Oz ; Oz
— |8, 6,, 6,5 5,, — | o 0u0y o Oy o 5y Ty
S = 52 5:; 52: 5; ‘ Omd = Oa1 5 022 5. 053 5
_521 0,, 0,3 0, ] 5y — 93, - Oy, Sy — 5325' 92, Sy — gszz
Single 3ph line 17?? Single 3ph line 277? Single 3ph line 377?

L2 L1

11
LI
111
LI
HER




Dvojita vedeni

- Vedeni VN, VN+ZL, VN izolované vodi¢e, VN a VVN, VVN+2ZL
-V ramci DYNASTU je problematicky vypocet kapacit !

Potrebna inverzni matice

— | 04
0=
o

Hledani alternativniho rFeseni



Vedeni VN a venkovni izolované vodice

- UvaZzovani jen fazovych vodicu

- Standardni vypocet pasivnich parametrt pro vedeni z holych vodicu
- Pro vypocet izolovanvch vodi¢u nutné

|E

) Rij Lij .
e B o W |
—
Conduct ilat —
~—
—
Air msulation —

\-'—-__

Isolated_line_177?

== Cj2

— O

!

Vliv na pricne kapacity a svod

Isolated_line_377?

L1 L2 L3
D G 6

L[|
|1

L1
[ 11
TTT1




Nazorny modelovy obvod
l]éinné uzemnene soustavy

» erhead_lin J_1 - A erhead_line2 Lw_
zdrA
' zdrB H-ﬁ;ul 18 H-TT_T_l YL
: 2drC L[L [
| | T L= 1ve T 2aat
- L] L
T L T L

03 Napéti v misté budouciho vzniku poruchy

INSNTNT N NN N NN N NN N NN

i D, D (I D I O { O D O (I

|/ANA IVAN/ANYA AN AWA AW AWA AW AWANA

| VA VAVEVEVAY RVAVAYVERVAVAYRVAVA
S G S S G S D G ' G D G G 4 D S

N VAV AVAVAVAVA VAVAVA VAN AVAVAV AV




Ustaleny stav

Proudy ve vedeni od napajeciho zdroje

N

ANV

ANIVAR

ANV

\

Yoo\

A

A
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NI
il

[\
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Vnitrni struktura textoveho souboru
modelového schématu

*SYSTEM,;

N1 > @mains3 0,zdrA,zdrB,zdrC / Vef=22000/sqrt(3);

Load_3f1 > @Load3f1 2,3,4,0 / P=9500,Q=3200,Un=22;

overhead_linel > @parametres4 zdrA,vA,zdrB,vB,zdrC,vC,0 / &real _parametres.typ2_ 95AlFe3;
overhead_line2 > @parametres4 vA,2,vB,3,vC,4,0 / &real parametres.typ2_ 95AIFe3,Iv=30;

*TR; Prvky ve schématu a jejich

2?{&%(15001) L parametry — pfednastavené
VA, VB, VC. plus zménéné
zdrA,zdrB,zdrC, 4 5
l.overhead linel.LCRG1.R1, _ g:‘/aoflliﬂs \\//;;ﬁ;y Pro
l.overhead linel.LCRG2.R1,
l.overhead linel.LCRG3.R1, ,
l.overhead line2.LCRG1.R1, _ VE)Ibav analyz;v/, doba .
l.overhead_line2.LCRG2.R1, vypoctu a pocet bodu pro
l.overhead_line2.LCRG3.R1, vypocet vykresleni prabéhd

Rl\J/I.\::_; . _:Igle;:imm 2 A overhead_line2 L:_icfif(f_‘l\_

: S § zdrA L{L [ ) <L 1T LT
*END; N TzdrB T::-I-—T— TVB T::-r—'r— _ﬁ
Time T ILTI <L L]
S e Tt} e
TTRRTTL R I
T T | 1 —




Nazorny modelovy obvod
pro zemni spojeni

overhead_line2 Load_3f1

= 1T Y
T

overhead_line1

I_
H

——1
|_
H

I
; ]

4 T — : T
& Tl ] ] lessy
7 J_ T (I — J_ +—
+3|1_23.67 T U T U | —
— —— o uzel

Vef=22000/sqrt(3) &real_parametres.typ2 95AIFe3 &real _parametres.typ2 95AIFe3,lv=30 P=9500,Q=3200,Un=22



Vnitrni struktura textoveho souboru
modelového schématu

*S M

N1 > @mains3 1,zdrA,zdrB,zdrC / Vef=22000/sqrt(3);

Load 3fl > @Load3f1 2,3,P:9500,Q:3200,Un:22;

overhead_linel > @parametres4 zdrA,vA,zdrB,vB,zdrC,vC,0 / &real _parametres.typ2_ 95AlFe3;
overhead_line2 > @parametres4 vA,2,vB,3,vC,4,0 / &real parametres.typ2_ 95AIFe3,Iv=30;

TR, Prvky ve schématu a jejich

;;ON%(BOOD BN  parametry — prednastavené
VA, VB, VC, plus zménéné
zdrA,zdrB,zdrC, Zvolené velidi
l.overhead_linel.LCRG1.R1, _ Vo_en? V,e ICiny pro
l.overhead_linel.LCRG2.R1, graficky vystup
l.overhead linel.LCRG3.R1,
l.overhead_line2.LCRG1.R1, Volba analyzy, doba
l.overhead_line2.LCRG2.R1, _ vypoctu a pocet bodu pro

l.overhead_line2.LCRG3.R1, vypocet vykresleni prabéhu
V.1, L1,

RUN;
*END;

overhead_line2 Load_3f1

T T
=S
gl Lo

— @

overhead_line1

ZVA
‘i’vB
TVC




Poruchove stavy

3f symetricka porucha

2f porucha izolovana, zemni

1f porucha - realné a provozni parametry
zemni spojeni bez a s pretrzenim vodice



-20- |

Trifazova symetricka porucha

overhead_line2

Load_3f1

N1 overhead_line1 T VA 7 YL
2drA L1 T < L1
@_X_FEM = [z \ 1 IEI= =T
2drC 1L im 1[L
__@_R_L%T LI_ JvC ha E[T LL A~
-L-I-_T_. Jg_ss -LT—T— _:l__
? Napéti v misté vzniku po:achy )
i AVAVAVAVAVAVAVA
A A AN A A AL A
|| IVANANYA RVANANYA VA
i VALY VA VALY VAL VAR
(DD S G D G D G
NAVAVAVAVAVAY AV

HvwA B8 HvC

Plati pro u€inné uzemnéné soustavy




Trifazova symetricka porucha

« Proudy ve vedeni mezi napajecim zdrojem a mistem vzniku poruchy

- AN ’\\//\
ol 720, iy on A
Sp— E— AN A AA! A

ol VA YA VA YA VA

\ LA \ LA \
\ / S \

ANVAN
[V
[ A

P

el .
ko | % T | % ﬂao. B o 5 o o 2o

01%: Proudyveveden i mezi mistem vzniku poruchy a spotifebou

/N /T /]

AN I e

N AN A AN AW - )

AN AT ]

Ry, A\ A/

| |/ \/ \V/ )

T T T T T T T T T T 1
150 160 170 180 190 200 210 220 230 240 250
time [s]

l.overhead_line2.LCRG1.L1 |.overhead_line2.LCRG2.L1 M l.overhead_line2.LCRG3.L1



Dvoufazova izolovana porucha

overhead _line2

N1 overhead_line1 T vA ~~
o jmn [ R<ITIT TR LTI |
S TR TN g1
e T (e IR T
@ Napéti v misté vzniku poruchy

i VA VAVAVA VAV AVAFA NIV \;?i>
A A A A A A N AN
VAN ANWANANAWANA / [ Va—

i\ VALY BV VARV VAR VAR

| D A G B G € I G D G I A A B A A s
NANVAWAVAVAWAN AW \/ \/

Plati pro u€inné uzemnéné soustavy



Dvoufazova izolovana porucha

Proudy ve vedeni mezi napajecim zdrojem-a mistem vzniku poruchy

/ N AN
~/ (A \
[ N [ o\
—~ —~ NS S AEY
i — == S V| ] |
\L \ \
\\ WA /

-4 5
207 T T T T T T N '
150 160 170 180 190 200 10 220
time [s]
[ N 1.LCRG2.L1 W | d

. Proudy ve vedeni mezi mistem vzniku poruchy a spotrebou
0.3




Dvoufazova zemni porucha

overhead_line1
_I_ :,%_ll l + Y Y
' zdrB T:E-r—T—l vB — T:L:-I-—'Ll ~N
zdrC J. J. i vsi J. J_ ]
@_X—L%T L‘ vC T L; ﬁ
L I Li“ st T

overhead_line2 Load_3f1
T VA

N1

_:'_‘
Napéti v misté vzniku poruchy

| PR N A AP VA
NSNS NA NS NSNS NS ) N T [\
A A A XL A Tk KA / \ / \
SN N SN SN N N \ \
N \VARY VAL VY VA VAR /
S XX I K X XX \ / \ /
NIANVAWANN AWAWANW AW \_/ \ /
] \_/ \/

-25— 10"
[ | I I I | I | I I 1
150 160 170 180 190 200 210 220 230 240 250

HvA HvB HvC



Dvoufazova zemni porucha

Proudy ve vedeni mezi napajecim zdrojem a mistem vzniku poruchy

AN \ /I
/N [1 JAVARER
e

E:Z: == (S > e S VAl I e \/71/ \\

\
\_/ N/ \
/ NS

200
time [s]
Mo

nanilaes )
VA WARFAW 8 o P e
i
/




Jednofazova po

rucha

Porovnani modelu vedeni s realnymi parametry a

S provoznimi parametry.

Simulace uvazovany nejprve pro soustavu primo (ucinne)

uzemnenou.

overhead_line2

Load 3f1

overhead_line1 TVA

TVB

vC
S1
time=0.2

T rvv\_l
: IE T T_T_'. ml
J-|=_T_. —_ 1+
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Jednofazova porucha

Model vedeni s realnymi parametry
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Model vedeni s provoznimi parametry
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Jednofazova porucha

Model vedeni s realnymi parametry

_—

Sk ] A | A

A
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Ny
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T
200
time [s]

line1.LCRG2.L1 M l.overhead_line1.LCRG3.L1 Model Vedenl’ S provozn I’ml parametry
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Jednofazova porucha

e Model vedeni s realnymi parametry

osl T |
0.2 \ )
N AR AR A\ —

(
N AN AN AN WAV N D TN
ARVARVARYARVARVARVARY S AN ~—

047 T I \ I I I T T T T \10-3
150 160 170 180 190 200 210 220 230 240 250
time [s]
l.overhead_line2.LCRG1.L1 l.overhead_line2.LCRG2.L1 M l.overhead_line2.LCRG3.L1 [ [ H
Model vedeni s provoznimi parametry
0.4
0.3

WYY Y YIY YV Y | | \
N NANFAY JANFA AL

A A A TA A A

-0.34

047 I T T T T T 1 T 1 1 \10-3
150 160 170 180 190 200 210 220 230 240 250
time [s]
|.overhead_line_op2.LCRG1.L1 l.overhead_line_op2.LCRG2.L1 M l.overhead_line_op2.LCRG3.L1




Jednofazova porucha

Model vedeni s realnymi
N

parametry

|
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AN
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el Model vedeni s provoznimi

mn ‘f parametry

A A AL T




Zemni spojeni

overhead_line_mp1

overhead_line_

mp2

Load

3f1

R0 D L
il o :W% ] e
il T e
apéti v misté vzniku poruchy
. PR R AR
INANAANAAANAANNANNANA T T T
WA AR AN AN A AR AN T T T (T
NNAREARNARNR AR AR vInNinINI
WVVVVVVVVVVVVVVAL T g W
| 20\X/ 0.2})(/ 0_24\)(/ 0.26\X/ o.za\w 0.30

time [s]




Zemni spojeni

Proudy ve vedeni mezi napajecim zdrojem a mistem vzniku poruchy

SV A A AT A AT VATV A AT A AT VA AT

AT

AATATATR/ATATA

L) XK A H AN A A AL A A h A A ) g

B | VAVAY/VAVAY/\VAVAY/IVAVAY/\VAVAV/\VAVAV/IVAVAV, (VAVAV/VAVAV/\VAVAV;




Zemni spojeni

Proud Petersenovou tlumivkou
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Proud Petersenovou tlumivkou a proud v miste vzniku poruchy
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Zemni spojeni s pretrzenim vodicCe
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time>0.2 P=9500,Q=3200,Un=22
Rpkm=0.137,Gpkm=125n,Lvlkm=2.284m ,Mvzkm=1.275m,C0km=4.15n,Cvzkm=2.58n,lv=10 F|RrR2
Rpkm=0.137,Gpkm=125n,Lvikm=2.284m,Mvzkm=1.275m,C0km=4.15n,Cvzkm=2.58n,lv=50 I 100
Casovy prubéh velikosti rezistoru R3:
pretrzeny vodic /TAB/
0.1, 0, R3 vmp1l-2 = pretrzeny_vodic(time);
0.2, 0,
0.21, 1Kk,
0.22, 1ME,
0.23, 1G,
0.24, 1T,

0.25, 1T;



Zemni spojeni s pretrzenim vodice

Proudy ve vedeni mezi
mistem vzniku poruchy
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Zemni spojeni s pretrzenim vodicCe

Proud Petersenovou tlumivkou a proud v miste vzniku poruchy
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