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Vypocet prechodného déje
na transformatoru

Pro vypocet prechodného dé€je zapnuti do stavu nakratko
vyuzit simula¢ni nastroj GNU Octave:

https://www.gnu.org/software/octave/index

-
L

. ) GNU Octave ©@About FBugs S Donate  FEDownload 38 Get Involved

fg_'; GNU Octave

as : '\ Scientific Programming Language

« Powerful mathematics-oriented syntax with buili-in 2D/3D plotting and visualization tools
« Free software, runs on GNU/Linux, macOS, B5D, and Microsoft Windows
« Drop-in compatible with many Matlab scripts



https://www.gnu.org/software/octave/index

Nahradni schéma transformatoru
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Parametry transformatoru

u, =10%

I, =1%

U,, =110kV
U,, =22kV

Syt =10 MVA

AP, =0.3%
AP, =1.0%

Ukp=10;
I0p=1;
Unl=110;
Un2=22;
Snt=10;

dP0p=0.3;
dPkp=1;



Parametry transformatoru
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frekv=50;
omega=2*pi*frekv;

Rk=(dPkp/100) * (Unl*2/Snt) ;
Rk1l=Rk/2;

Zk= (Ukp/100) * (Unl*2/Snt) ;
Xs=sqrt (Zk*2-Rk"2) ;
Ls=Xs/omega;

Lsl=Ls/2;

Gfe=(dPO0p/100) * (Snt/Unl*2) ;
Rfe=1/Gfe;
Y0=(I0p/100) * (Snt/Unl"2) ;
Xh=1/sqrt (Y0*2-Gfe*2) ;
Lh=Xh/omega;



Transformator nakratko
Reseni numerickou metodou se zanedbanim piiéné &asti:

dl _UK [%] i [ :U"\/E
L —£+i ‘R, = 100 U_sin(o-t) "=

dt
u, [%]

di, U,sin(@-t)—i. -Ry

dt L




Transformator nakratko
Reseni numerickou metodou se zanedbanim piiéné &asti:

di, uc %] U
L —X+i R, = U sin(o-t U, =2
dt <7100 " (@-1) V3

u, [% : :
di, I1([)O]Urr13|n(a)-t)—|K Ry
dt L

% Reseni prubehu proudu nakratko numerickou metodou

o

flkcc = @(t,y) [(Unl/sqrt(3)*sqrt(2)*Ukp/100*sin (omega*t) -y*Rk) /Ls];
tspan = 0 : 0.0001 : 0.1;

y0 = 0;

[t,y] = ode23(flkcc, tspan, yO0, []):

plot(t,y)’
grid on; Zpracovani pomoci integracni metody pro ODE



File Browser
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Transformator nakratko

Current Directory: ‘ C:\WORK\MATLAB

C:WORK/MATLAB

MName

€ CviceniPI52021.m
=] CviceniPIs2021.TxT

;U(_:. fl.m ﬁ
Waorkspace =T o
Fiter [ | |
MName |C|ass Dimension Value =
Gfe double Tx1 0.0000024793

10p double Tx1 1

Lh double Tx1 403.73

Ls double 1x1 0.38322

Ls1 double Txl 0.19161

Rfe double Tx1 403333.33333

Rk double 1x1 12100

Rk1 double Tx1 £6.0500 | ]
Snt double Tx1 10

Ukp double Tx1 10

Un1 double 1x1 10

Un2 double Tx1 22

*¥h double Tx1 126842.46524

Xs double 1x1 120.39

YD| double Tx1 D.DDDDDBE&S_Iﬂ
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Ukp=10;

I0p=1;

Unl=110;

Un2=22;

Snt=10;

dP0p=0.3;

dPkp=1;

frekv=50;
omega=2*pi*frekv;
Rk=(dPkp/100) * (Un1l~2/sSnt
Rk1=Rk/2;
Zk=(Ukp/100) * (Unl"~2/5nt)
¥s=sgrt (zk"2-Rk"2);
Ls=¥Xs/omega;

Lsl=Ls/Z;

zfe=(dp0p/100) * (Snt/Unl"
Rfe=1/Gfe;

¥Y0=(I0p/100)* (Snt/Unl"2)
Xh=1/sgrt (Y0"2-cfe"2) ;
Lh=¥h/omega;

% Reseni prubehu proudu
flkce = @(t,v) [(Unl/sgr
tspan = 0 0.0001 0.1
vy = 0;

[t,v] = odeZ3(flkcc,
plot (t,v) s

grid on;

5> |

gl

£ Figure 1
File Edit Help

1@ z+ z- |

Insert Text h‘, Axe

5.

Grid Autoscale

L E

0.05

(4.60832-5, 0.059722)

0.02

0.04

tspan,

vO, [1)7

Command Window | Editor | Documentation |

Zpracovani pomoci integracni metody pro ODE




Transformator nakratko

Reseni numerickou metodou bez zanedbani Ly:

. T
Lodi g Re ) di ) di %l g,y
2dt ' 2 "dt "dt 100

di di, L, di R
_Lhi+Lh£_|_ o 12+i2-—K:O —>




Transformator nakratko
Reseni numerickou metodou bez zanedbani Ly
Lodiy o R dip o odip u, %]

—+ - —+ L, —— = U sin(w-t
2 dt ' 2 "dt "dt 100 " (@)
di di L_di . R
dt dt 2 dt 2
L L. L,
P="9+L, P2:7+Lh—%l
0
MK[A)]Umsm(a)-t)—zl Ry L iz&-l
di, 100 2 P
dt P,
u [%] . . R
L -2 232U smlw-t) L, -i-—%
" 100 ( )_ nh 5 y R_K
di, H it "2




Transformator nakratko

U, | % : . R R, 1
L . K[O:IUmSm(a).t)_ll.K_ h.l27K.7
R="2+1, di, 100 2 2 P
di P
u,|% : . R
5 L, - K[ O]Umsm(a)-t) L -i-—*% R
o Lo, Ly 100 _ 2 . R
— el e —— . 2
22 ! A di, _ A s 2 —— >
dt J2
function ydot = £2(t,y)
Unl=110; tspan = 0 : 0.0001 : 0.1;
Ukp=10; y0 = [0; O0];
Um=Unl/sqrt (3) *sqrt (2) ; [t,y] = ode23(@f2, tspan, yO,[]):
omega=314.16;
Rk = 12.100; plot(t,y(:,1),t,y(:,2));
Ls = 0.38322; grid on;
Lh = 403.75;
poml=Ls/2+Lh;

pom2=Ls/2+Lh-Lh*2/poml ;

ydot=zeros(2,1) ;

ydot (1) =(Ukp/100*Um*sin (omega*t) -y (1) *Rk/2-Lh*y (2) *Rk/2/poml) /pom2 ;

ydot (2)=(Lh*Ukp/100*Um*sin (omega*t) /poml-Lh*y (1) *Rk/2/poml-y (2) *Rk/2) /pom2;

Zpracovani pomoci integracni metody pro ODE



Transformator nakratko

Reseni numerickou metodou bez zanedbani Ly:

;: D Current Directory: | C:WORK\MATLAB j 3 C
File Browser & ®  Command Window 5 x
e >> tspan = 0 : 0.0001 0.1; o
CifWORK/MATLAB j 4  gip 3
ORI ® &E S o < ro; o1
Mame | >> [t,y] = ode23(@f2, tspan, y0,[]);
£ CviceniPI52021.m zz pl?;(t’y(:’ L)ateylzr2))s . Figure 1 X
o grid on;
;__'| CviceniPIS2021.TXT o | File Edit Help
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Warkspace o
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Name | Class Dimension Value = //'\
Gfe double Tx1 0.0000024793 \
10p double T 1 err \
Lh double Tx1 403.75 \ ff I'a
Ls double 1x1 0.38322 { \
0.05 -
Ls1 double Tx1 0.19161
Rfe double 1x1 403333.33333 ’
Rk double 1x1 12100
JJ E
Rk1 double Tl 6.0500 1
Snt double Tx1 10 /
Ukp double 11 10 /
0.05 F 3 \
Un1 double Txl 110 ".j‘
N
Un2 double Tx1 22
Xh double 1x1 126842.46524
0.1 . . . .
Xs double 1x1 120,39 0 0.02 0.04 0.06 0.08
Y0 double Tl 0.0000082645 | 4 |
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Zpracovani pomoci integracni metody pro ODE



Transformator nakratko

Reseni numerickou metodou bez zanedbani Ly:
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Zpracovani pomoci integracni metody pro ODE



Transformator nakratko

Reseni implicitni numerickou metodou bez zanedbani Ly:

I I I 0
Lo R G o u %)
2 dt

2 dt "dt 100

U, sin(w-t)

di di, L_di R
_Lh_1+Lh_2+ 9 2"‘12 —K:O -
dt dt 2 dt 2
L L. L,
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0
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Transformator nakratko

Reseni implicitni numerickou metodou bez zanedbani Ly:

d| di, di . u, [%]
L R +L —2-L —=2=U,_sin(w-t u =KLy
g T g T g T (@) 100
LU T T S
dt dt dt

Ukm=Ukp/100*Unl/sqrt (3) *sqrt(2) ;
tspan = 0 : 0.0001 : 0.1;

y0 = [0; O];

yp0 = [0; O];

% Lsl*il' + Rkl*il + Lh*il' + Lh*i2' = Ukm*sin (omega*t)

% - Lh*il' + Lh*i2' + Lsl*i2' + Rkl*i2 = 0

f2i = @(t,y,yp) [Lsl*yp(l) + Rkl*y(l) + Lh*yp(l) - Lh*yp(2) - Ukm*sin (omega*t)
- Lh*yp(l) + Lh*yp(2) + Lsl*yp(2) + Rkl*y(2)];

[t,y] = odel5i(£f2i, tspan, yO0, ypO);

plot(t,y(:,1),t,y(:,2));
grid on;

Zpracovani pomoci soustavy implicitnich diferencialnich rovnic



Reseni implicitni numerickou metodou bez zanedbani Ly:

Transformator nakratko

BE R

& ¥ Command Window

Ukm=Ukp/100*Unl/sqgrt (3) *
tspan = 0 : 0.0001 : 0.1
yv0 = [0; 0];
yp0 = [0; 0];
% Lsl*il' + Rkl*il + Lh¥*
$ — Lh*il' + Lh*iZ' + Ls
f2i = @(t,v,yp) [Lsl*yp(
- Lh*yp (1)
[t,v] = odel5i(f2i, tspa
plotit,y(:, 1), tryv(:,2) )5
grid on;

4. Figure 1
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Gfe double Tx1 0.0000024793
10p double 1x1 1
Lh double Tl 403.75
Ls double Tx1 0.38322
L=1 double 1x1 019161
Rfe double Tl 403333.33333
Rk double Tx1 12.100
Rk1 double 1x1 6.0300
Snt double Tx1 10
Ukm double Tx1 8.9815
Ukp double 1x1 10
Un1 double Tx1 110
Un2 double Tx1 22
Xh double Tx1 126842 46524
s double 1x1 12038 ~| 4|
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Zpracovani pomoci soustavy implicitnich diferencialnich rovnic




