Vypocéty nesoumérnych soustav

Metoda soumérnych sloZzkovych soustav

e vychdazi ze superpozice nesoumérnosti jako soucet 3 soumérnych 3f
elektrickych soustav (sousledné, zpétné a netoCivé)

e jako kazda superpozice vyzaduje linearitu problému

e vyuziva moznosti ,,propojit* vysledna sloZkova schémata, coz je disledkem
vyjimecného matematického feseni pro specifické poruchy (pouze pti
vyjimecném postaveni faze A jsou vysledky jednoduché)

e aktivni nemusi byt pouze sousledna sit’, ale pfi nesoumérnosti zdroje 1 zpétna
a netoCiva soumerna soustava

e Transformacni matice:

1 1 1 1 a a°
F=|a’> a 1 F_lzl 1 a°> a
) 3

a a° 1 1 1 1

e Piiklad transformace

Nesoumeérna 3f soustava:
X, =7.17sin(t +0.27)

Xy =4.71sin(t —2.44)
X =3.79sin(t +2.41)
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Po transformaci:
XW=5.sin(t+0.1)

Xgl):s-sin(
Xgus.sm(

t+0.1—2—”)

3

t+O.1+2—”)
3

X0 =0.5-sin(t+1.2)
X0 =0.5-sin(t+1.2)
X9'=05-sin(t+1.2)

X =2.5in(t+0.5)

X - m(
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(zobrazeno jako (1)-S-sousledna, (2)-Z-zpétna, (0)-N-netociva)
Ve fazorové podobé:
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Propojeni slozkovych soustav pro jednotlivé druhy poruch

Dvoufazovy zkrat:

Jednofazovy zkrat:
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Dvoufazova poruchy:

Jednofazova porucha:
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T¥ifazova porucha:

Dvoufazova zemni porucha:
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Komplexni priklad na metodu soumérnych slozkovych soustav
Zadani ptikladu dle obrazku:

T1, 250MVA Uk=12% V2, 100km T2, 1200MVA, Uk=10%
e | L |
V1, 200km S1,
200 MVA v Sks=1 GVA
Xd'=0.2
= =025 10km
Odbér, ——
P=200 MW, T3,
Q=50MVAr 600MVA,
Uk=10%
@ G3,
500MVA,
— Xd'=0.3
Dodate¢né hodnoty:

e impedance vedeni x,=0.3 £2km
e vztazné napéti Uy=220kV
e vztazny vykon Sy=250MVA
e zapojeni transformatora:
— T1: Yy,
- T2: YoYn
- T3:Y\d
Vypoctené realné ohmické hodnoty piepoctené na hladinu Uy:
Xq1'=0.25*(10°/200)*(220%/10%) 2=60.5 2
Xg3'=0.3%(15%/500)*(220%/15%) £2=29.04 (2
Xr1=j (12/100)*(220°/250) 2=j 23.23 Q2
Xr,=j (10/100)*(220°/1200) £2=j 4.03 2
Xrs=j (10/100)*(220°/600) 2=j 8.07 2
Xv1=j 0.3*200 2= 60 02
Xv2=j 0.3*100 2= 30 2
Xv1=j 0.3*10 2=j 3 2
s=j (400%/1000)*(220%/400%) 2= j 48.402
Zp=U\*Sp=220%/(200+j50) 2= 220%/(200+j50)* (200-j50)/(200-j50) £2=227.76
-] 56.94 Q



Xv2=j30 Xs=j48.4
Xt2—J4 03
242 kV

_|
] Xv3=j3

] Xt3=j8.07

Xd3'=j29.04

Sestavené nahradni schéma
Xt1= j23.23

Xv1=j6

Xd1'—160 5
242 kV
Zp=227.76-j56.94

—

242 kV

Xv2/2515 Xv2/2={15  Xs=j48.4
Xto54.03
242 KV

Schéma propojenych slozkovych soustav

Xt1=j23.23
Xv156
] Xv3sj3 I .

] Xt3=i8.07

p—

Xd1'=j60.5

242 kV

Zp=227.76-j56.94
= Xd3'=j29.04
242 KV
Xt1=j23.23 ﬁlz/z-ns XV2/2—]15 Xs—j48.4 "
Xd1'5j60.5 Xv1j6 (“ Xt2‘j4 03 l
[] Xv3=j3 I 1
Zp=227.76-56.94 [] Xt3=i8.07
= Ems’ng 04
Xv2/25j15 Xv2/2=j15 Xs=j48.4
T Xt24.03

i

Xt1=j23.23
Xv1=j6

Xd1'=j60.5

Zp=227.76-j56.94




Vypocet nahradni impedance zpétné slozkové soustavy:

Z,=j(60.5+23.23+60) 2= j143.73 Q
Zc=j(15+4.03+48.4) Q= [67.43

=— T+
pom A ZB D
1 11
z% Z,.+jl5 Z.
1 1 1 1

=+ —
ZpomZ ZA ](807+3) ZD
1 1 1
Z0" 7 15 7,

pom?2 J C

L1 1
Zekv Z(2) Z(O)

Z5=j(29.04+8.07+3)2 = j40.11 Q2
Zp=227.76 -j57.94 Q

Zpon=4.26+j31.8 2
7@=1.48+j27.7 0
Zpom>=0.445+j10.4
7©=0.235+j18.5 2

Z40=0.322+j11.1 2
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(N
X,

i =Tl

127 1 \/5
a=e =—+j—

2 2

1 1 1
F=|a’> a 1

a a’ 1
Uy =110kV
xd/ =0.5 cosp=0.98
Py =20MW

g, =10% Syp =35MVA
gy, =10% Sypy =S50MVA
x; =03Q/km  1=20km
S =1000MVA

% Axiomy
i=sqrt(-1)
A=-0.5+sqrt(3)/2*i
F=[ 1 1 1

A*A A 1
A A*A 1 ]
pause

% Vstupni udaje

% Alternator
Xdc=0.5*(0.98/20) *11072*i
% Transformator 1
Xt1=10/100*%11022/35*i
% Transformator 2
Xt2=10/100*%11022/50*i
$ Vedeni

Xv=20*0.3*1i

% Sit'
Xs=11072/1000*i



1=0+1i A =-0.50000 + 0.86603i
F=
1.00000 + 0.00000i 1.00000 + 0.00000i 1.00000 + 0.00000i
-0.50000 - 0.86603i -0.50000 + 0.86603i 1.00000 + 0.00000i
-0.50000 + 0.86603i -0.50000 - 0.86603i 1.00000 + 0.00000i
Xdc = 0.00000 + 296.45000i Xv =0+ 6i
Xtl = 0.00000 + 34.57143i Xs = 0.00000 + 12.10000i
Xt2 = 0.00000 + 24.20000i




Ptepocet trojtihelnik hvézda
X11=Xv*(Xv/2)/(Xv+XVv/2+XV/2)
X21=Xv*(XV/2)/(Xv+XV/2+XV/2)
X31=(Xv/2)*(XVv/2)/(Xv+XV/2+XV/2)

X12=Xv*(Xv/2)/(Xv+XV/2+XV/2)
X22=Xv*(XV/2)I(Xv+XV/2+XV/2)
X32=(XV/2)*(XVv/2)/(Xv+XVv/2+XV/2)

X10=3*XV*(XV/2)/(Xv+XV/2+Xv/2)
X20=3*XV*(XV/2)/(Xv+XV/2+Xv/2)
X30=3*(XV/2)* (XVI2)/(Xv+XV/2+XV/2)

X11 =0.00000 + 1.50000i
X21 =0.00000 + 1.50000i
X31 =0.00000 + 0.75000i
X12 =0.00000 + 1.50000i
X22 =0.00000 + 1.50000i
X32 =0.00000 + 0.75000i
X10 =0.00000 + 4.50000i
X20 =0.00000 + 4.50000i
X30 = 0.00000 + 2.25000i



Z(U)

I(O)

Zpétna, netocivava a ekvivalentni impedance
Z2=X32+(Xdc+Xt1+X12)*(X22+Xt2+Xs)/((Xdc+Xt1+X12)+(X22+Xt2+Xs))
Z0=X30+(Xt1+X10)*(X20+Xt2+Xs)/((Xt1+X10)+(X20+Xt2+Xs))
Zekv=22+Z0

Z2 = 0.00000 + 34.69162i

Z0 = 0.00000 + 22.20850i

Zekv = 0.00000 + 56.90013i




Souslednd impedance
Z1=X31+(Xdc+Xt1+X11)*(X21+Xt2+Xs)/((Xdc+Xt1+X11)+(X21+Xt2+Xs))+
Zekv

11=1.1*110000/(sqrt(3)*Z1)

12=11

10=11

Z1 = 0.00000 + 91.59175i

11 = 0.00000 - 762.72572i

12 = 0.00000 - 762.72572i

10 = 0.00000 - 762.72572i

Proudy generatoru a sité

10z, = 2y - X,0)=1,0x, + x, + V)= 100xg + x,, + x,0) =
Ig1=11*(Z1-Zekv-X31)/(Xdc+Xt1+X11)
I51=11%(Z1-Zekv-X31)/(Xs+Xt2+X21)

g1 = 0.00000 - 77.85407i

Is1 = 0.00000 - 684.87164i

@ - x@)=1.Ox, + x,+ )= 1D xg+ x,+ x,%) =
1g2=12*(X2-X32)/(Xdc+Xt1+X12)

1S2=12*(X2-X32)/(Xs+X12+X22)

Ig2 = 0.00000 - 77.85407i

12 = 0.00000 - 684.87164i

1O(xO _x, 01 O(x, 4 x,0)=1Oxs+ x,+1,0) =
1g0=10*(X0-X30)/(Xt1+X10)

10=10*(X0-X30)/(Xs+Xt2+X20)

Ig0 = 0.00000 - 389.61629i

1s0 = 0.00000 - 373.10943i

Napéti v misté poruchy

U
W=z —¢ N 0(z0-Z,,)

ekv

U(2) — _](2)2(2) U(O) — —I(O)Z(O)
Ul=11*Zekv
U1=1.1*110000/sqrt(3)-11*(Z1-Zekv)
U2=-12*72

U0=-10*Z0

Ul = 4.3399e+04

U2 = -2.6460e+04

U0 = -1.6939e+04



Napéti v misté vlastni spotieby

U
U,V = ch—lg(l)(Xd/ +X,1)

U =1,/ v x,) v, 0 =21, 0x,
Uz1=1.1*110000/sqrt(3)-Ig1*(Xdc+Xt1)
Uz2=-1g2*(Xdc+X11)

Uz0=-1g0*Xt1

Uzl = 4.4088e+04

Uz2 = -2.5771e+04

Uz0 = -1.3470e+04

Jmenovita soustava napéti

UN(l) — C& UN(z) -0 UN(O) -0

V3
Un1=1.1*110000/sqrt(3)
Un2=0

Un0=0

Ptepocet na fazové hodnoty

Upor=F*[U1 U2 U0]. U y0

Upor =
1.0e+04 *
0.00000 + 0.00000i U pore u©)
-2.54085 - 6.05000i
-2.54085 + 6.05000i

Uz=F*[Uz1 Uz2 Uz0].' U,. Uz(l)
Uz =

1.0e+04 * z Zb z
0.48471 + 0.00000i Uy, U,
-2.26279 - 6.05000i

-2.26279 + 6.05000i

Un=F*[Un1 Un2 Un0]." U
N

n = ()

1.0e+04 * [UN]: UNb :[F]‘ Uzv

6.98594 + 0.00000i Uy. UN(O)

-3.49297 - 6.05000i

-3.49297 + 6.05000i

a



Ipor=F*[I11 12 10]."
Ipor =
1.0e+03 *
0.00000 - 2.28818i
-0.00000 - 0.00000i
0.00000 - 0.00000i

lg=F*[lgl 1g2 Ig0].'
Ig =
1.0e+02 *
0.00000 - 5.45324i
-0.00000 - 3.11762i
0.00000 - 3.11762i

Is=F*[Is1 Is2 Is0].'

Is =
1.0e+03 *
0.00000 - 1.74285i
0.00000 + 0.31176i
-0.00000 + 0.31176i
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Reseni pomoci programu PORUCHA
Vstupni data programu:

Zkusebni priklad Cviceni zimni semestr 2005

POCET UZLU

5

PODELNE IMPEDANCE

( zadavani <I-ty uzel> <J-ty uzel> <hodnota impedance mezi uzly I a J> )

Uzel I Uzel J Impedance Zij

Sousledna soustava

1 2 331.02
2 3 6

3 4 36.3

2 5 3

3 5 3

0 0 0

Zpetna soustava ( pouze zmeny oproti sousledne soustave )

0 0 0

Netociva soustava ( pouze zmeny oproti sousledne soustave )
1 2 34.57

2 3 18

2 5 9

3 5 9

0 0 0

Pricne IMPEDANCE
( zadavani <I-ty uzel> <hodnota impedance proti zemi v uzlu I> )

Uzel I Impedance Zi

Sousledna soustava
0 0

Zpetna soustava ( pouze zmeny oproti sousledne soustave )
0 0

Netociva soustava ( pouze zmeny oproti sousledne soustave )
0 0

ZDROJE NAPETI

1 69859
4 69859
0 0

DRUH PORUCHY (l-jednofazovy, 2-dvoufazovy, 3-dvoufazovy zemni, 4-trifazovaa)
1

CISLO UZLU PORUCHY
5

IMPEDANCE PORUCHY
Zn
0
Za
0
Zb
0

Vystupni data programu:

Vystup programu PORUCHA (c) 1991, 1994 Foot-Software




Byla fesSena porucha

Jednofazovy zkrat

Nahradni impedance zpétné a netoé¢ivé slozkové soustavy = 56.903690
PORUCHOVE PROUDY ( v misté& poruchy [ 5] )
ProudS ProudZz ProudN
-762.696 -762.696 -762.696
ProudA-R ProudA-I ProudB-R ProudB-I ProudC-R ProudC-I
-2288.088 0.000 -0.000 -0.000 -0.000 0.000
ProudA-A ProudB-A ProudC-A
2288.088 0.000 0.000
NAPETI V UZLECH SITE
Uzel us Uz UN
[ 1] 69859.356 -0.234 -1.169
[ 2] 44089.009 -25772.208 -13469.896
[ 31 44999.499 -24861.733 -13544.231
[ 4] 69859.356 -2.055 -1.119
[ 51 43400.210 -26461.015 -16939.195
Uzel UA-R UA-I UB-R UB-I UC-R UcC-I
[ 1] 69857.954 0.000 -34930.730 -60500.179 -34930.730 60500.179
[ 2] 4846.904 0.000 -22628.297 -60501.589 -22628.297 60501.589
[ 3] 6593.534 0.000 -23613.114 -60501.602 -23613.114 60501.602
[ 4] 69856.182 0.000 -34929.770 -60501.756 -34929.770 60501.756
[ 51 0.000 0.000 -25408.793 -60501.595 -25408.793 60501.595
Uzel UA-A UB-A UC-A
[ 1] 69857.954 69860.057 69860.057
[ 2] 4846.904 64594.753 64594.753
[ 31 6593.534 64946.309 64946.309
[ 4] 69856.182 69860.943 69860.943
[ 51 0.000 65620.498 65620.498
PROUDY MEZI UZLY SITE
Od u. K u. ProudsS Proudz ProudN
[ 1, 2] 77.851 77.856 389.607
[ 2, 3] -151.748 -151.746 4.130
[ 2, 51 229.600 229.602 385.478
[ 3, 4] -684.845 -684.840 -373.088
[ 3, 51 533.096 533.094 377.218
Od u. Ku ProudA-R ProudA-I ProudB-R ProudB-I ProudC-R ProudC-I
[ 1, 2] 545.315 0.000 311.754 0.004 311.754 -0.004
[ 2, 31 -299.364 0.000 155.877 0.002 155.877 -0.002
[ 2, 51 844.679 0.000 155.877 0.002 155.877 -0.002
[ 3, 4] -1742.773 0.000 311.754 0.004 311.754 -0.004
[ 3, 51 1443.408 0.000 -155.877 -0.002 -155.877 0.002
Od u. K u. ProudA-A ProudB-A ProudC-A




[ 1, 21 545.315
[ 2, 31 299.364
[ 2, 51 844.679
[ 3, 41 1742.773
[ 3, 51 1443.408
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155.
155.
311.
155.

754
877
877
754
877

311.754
155.877
155.877
311.754
155.877

Napéti proti zemi v misté vzniku poruchy:

UnBa UnBb UnSc

roeooddapeti sousl. sloz. soust. v uzlu 5
5. 0E+0004

0. 0E+0000
—5. OE+000]

—=1.0E+00
o.oio 0,020 0,020 0,040 0.050

1|.E+.....Hc1pe’r| 'rpe’rne slc:7 soust. v uzlu 5
5. 0E+0004

0. OE+0000
—B.0E+0004

=1 0E+00
o.oio 0,020 0,020 0,040

1..E+.....Hc1pe’r| ne’roc:we slm s v Uzlu 5

5, OE+0004
0. 0E+0000
-B.OE+0004

—1.0E+00
0,00 .00 0,020 0,030 0.040

zoesoofdapeti faze A v uzlu 5

1.0E+0005

0. 0E+0000

-1, 0E+0005

_E.DEH_":I 0 0.010 0.0z20 0,030 0,040
||E+|||||‘HC1PE!+| foze B v uzlu 5

1.0E+0005

0. 0E+0000

-1.0E+000E

—2. 0E+001
0.010 0,020 0.030 0.040 0.050

_E+.....Hc1peh foze C v uzlu 5

1.0E+

0. 0E+0000

—-1.0E+000%

—-Z2.0E+00
0.010 0.020 0.040



Proudy dodavané do poruchy ze

Inl-2a Inl-2b Inl-Zc

strany generatoru:

roe+odaoud sousl. sloz. soust. z 1
E.OE+0002

0. OE+0100

..... 0. 040 0.050

~oud zpetne sloz. soust. z 1 do 2

n.0ig

5.0E+0002

0. OE+00 I:I'F_‘-—.____

0,040

z 1 do?

n.0ig

-oud netocive sloz. =,

G, OE+000

-B.0E+0002

—1.0E+0

0,010 0,020 0,040

zoesooEroud faze Az 1 do 2

1.0E+0003
0. 0E+Q000

=1.0E+000:2

0.010

Hroud faze

Bz1do?

0.040

2.0E+0
1.0E+0003
0. QE+00G

=1.0E+000:2

]} 0.010 0.0z0

:c:ud foze C z 1 do 2

0,030 0.040

2. 0E+0003

1.0E+0003

0. DE+Q00E
=1.0E+000:2

—2.0E+0]

0.010 0.0z0 0,020 0.040




