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Vypocet prechodného déje

na transformatoru

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

https://www.mathworks.com/products/matlab.html

&MathWOIkS’ Products  Solutions ~ Academia

MATLAB

Overview  Getting Started = Features & Capabilities v  What's New  For Students

Math. Graphics. Programming.

MATLARB is a programming and numeric computing platform used by
millions of engineers and scientists to analyze data, develop algorithms,
and create models.

§ Download a free trial & Request a quote

Designed for the way you think
and the work you do.

MATLAB® combines a desktop environment tuned for iterative analysis
and design processes with a programming language that expresses
matrix and array mathematics directly. It includes the Live Editor for
creating scripts that combine code, output, and formatted text in an
executable notebook.

Support  Community

i
EEI N, -

Events

Inference with the trained network

What Is MATLAB?

Professionally Built

MATLAB toolboxes are professionally developed, rigorously tested, and
fully documented.

With Interactive Apps

MATLAB apps let you see how different algorithms work with your data.
Iterate until you've got the results you want, then automatically generate
a MATLAB program to reproduce or automate your work.

And the Ability to Scale

Scale your analyses to run on clusters, GPUs, and clouds with only minor
code changes. There's no need to rewrite your code or learn big data
programming and out-of-memory techniques.


https://www.mathworks.com/products/matlab.html
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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

w=2-7-f ,
R, =17, =3P Yn frekv=50;
R 100 Sy omega=2*pi*frekv;
RKl =5
2
5 % Uk Yni Rk= (dPkp/100) * (Unl”2/Snt) ;
© N 100 S, Rk1=Rk/2;
X, =Z2-R Zk=(Ukp/100) * (Un1~2/Snt) ;
X L Xs=sqrt (Zk*2-Rk"2) ;
L, =—= Loy =" Ls=Xs/omega;
o » o 2 g ;
Lsl=Ls/2;
Gre = 0 Y7 = 2P ' SNTZ
100 U,
R -G Gfe=(dPO0p/100) * (Snt/Unl*2) ;
T g Rfe=1/Gfe;
Yo =YoYnr = 1(6/6 - UNTZ YO=(I0p/100) * (Snt/Unl”2) ;
D% X Xh=1/sqrt (Y0*2-Gfe”2) ;
Xy :(\/Y02 —GFEZ) L, =—"|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



Transformator nakratko

4\
File Edit Debug Parallel Desktop Window Help
=1 Vel & 7 [F] | @ | Current Folder:| CAWORK\MATLAB v [ @
Shortcuts (2] How to Add  [#] What's New
Current Folder w 0O a X Command Window 0O # X | Workspace “ O a X
<« MA.. ¥ - O & - >> Ukp=10; | ﬁ {E sﬁ E&; @ Select data to plot +
I0p=1;
MName Unl=110: u Figure 1 _ O w Mame Value
PodkladyPrezentace A Un2=22; ) ] ] ) HE‘ Gfe 2.4793e-06 ~
1 CviceniPJ52021.m Snt=10; File Edit View Inset Tools Desktop Window Help ~| FHop 1
5] CviceniP)52021.TXT ) ’ NMEda AR MDEL-A | 0E| am %Lh 403.7521
] flm = Ls 0.3832
) flem AFOp0. 37 HH Ls1 0.1916
£ fllem dFkR=L 015 : : H Rrfe 4.0333+05
7 flke.m 2> Lrekv=30/ : : EH Rk 12.1000
fﬂ f2m omega=2*pi*frekv; : : I Rk 5.0500
i Matlab.ZIP : : HH snt 10
(B Reseni_prechodnych_de... Rlc=(dPkp/100) * (Unl®2/Snt) ; : : H ukp 10
(] Reseni_prechodnych_de... Rk1=Rk/2; 0.1 [ T HH un1 110
1] TRaVED CastD-4.docx 2= (Ukp/100) * (Unl"2/5nt) ; ; : HH unz 2 v
ﬂ TRaVEDCastl.m Xg=sqrt (Zk™2-RK™2); : :E M A " =
|=| TRaVEDCastd.TXT Ls=Xs/omega; :
ﬂ TRaVEDCast].m Lsl=Ls/2; L R R Ry Y o e et L ELEE : -------------- Command History “m 0O X
a TRaVEDCastl.svg i ~Lal=Laf2; "
A TRaVEDCast1.TXT o Gfe= (dPOp/100) * (Snt/Unl"2) ; 5 Gfe=(dPOp/100}* (Snt/Unl"2);
CviceniPJ52021.m (MATLAB Sc W Rffﬂmfm . ; ~Rfe=1/Gfe;
¥0=(10p/100) * (Sne/Un1"2) ; 0 ~¥0=(I0p/100) * (Snt/Unl"2) ;
Zakladni technicke parametry trans: Xh=1/sgrt (¥Y0"2-Gfe"2); : ~Xh=1/sqgrt (YO"2-Gfe"2);
Lh=Xh/omega; 1
+» % Reseni prubehu proudu , -~ Lh=Xh/omega:
flkcc = B(t,y) [(Unlfsqgrt (3 005 oo AL E _______________ % Reseni prubehu proudu nak:
tspan = 0 : 0.0001 : 0.1; : : ~flkec = @(c,y) [(Unl/sqgre (3]
yo = 0; ] ~tspan = 0 0.0001 0.1;
[t,v] = ode23(flkcc, tspan, H yO = 0;
01 i ~[t,¥] = ode23 (flkcc, tspan,
plot(t,v): 0 0 0.1 ~plot (t,¥);
grid on; wgrid ong v
< 3| | >> < >
4\ Start OVR

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:

4\
File  Edit Desktop
B % BRE 9 o | & d B | @ | CurentFolder CAWORK\MATLAB

Shortcuts (2] How to Add  [2] What's New

Debug  Parallel Window  Help

w0 a x

| pl@ -

Current Folder Command Window

<« MA.. » »» Cepan = 0 : 0.0001 : 0.1;

-1

O a x

Workspace

O a X

vOo = [0y 01

Name [t,¥] = ode23 (@f2, tspan, ¥

ll Figure 1
3 PodkladyPrezentace -~ .
) CviceniPIs2021.m File
= CviceniPJS2021.TXT
5 flm
fﬂ fle.m
] flkm
£ fikem
& f2.m
7 | ¥ Matlab.ZIP
(B Reseni_prechodnych_de...
() Reseni_prechodnych_de...
7 TRaVEDCastd-4.docx
) TRaVEDCast0.m
=| TRaVEDCast0.TXT
%) TRaVEDCastl.m
a TRaVEDCast1.svg
‘J; TRaVEDCast1.TXT

T AT e

Edit
plotit,v(:, 1), t,v(:,2));
grid on;

Jx >
0.15

01

£

CviceniPJ52021.m (MATLAB Sc

Zakladni technicke parametry trans
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4\ Start

E ﬂ {E %ﬁ Eﬂ} @Select datato plot =
Mame Value
FH Gre 2.4793e-06 -
H 10p 1
HH Lh 403.7521
HH Ls 0.3832
HH Ls1 0.1916
FH Rfe 4.0333e+05
H Rk 12,1000
] Rkt £.0500
[ snt 10
HH ukp 10
FH uni 110
i Z .
< 7 »
Command History +H [ a x
--% Reseni prubehu proudu naki s
~flkoo = Bi(t,¥) [(Unl/sgzrti(3’
—tspan = 0 : 0.0001 0.1;
~y0 = 0;
= [t,¥] = ode23(flkcc, tspan,
~plot(t,v)?
—grid on;
—clc
—tspan = 0 : 0.0001 : O0.1;
~§0 = [0; 0]:
= [t,¥] = ode23(@f2, tspan, vl
—plotf{t,yv(:, 1), t,v(:,2)):
-~ grid on; W
< >
OVR

Zpracovani pomoci integracni metody pro ODE




Reseni numerickou metodou bez zanedbani Ly:

0.15

0.1

0.05

-0.05

Transformator nakratko
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1 |
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Zpracovani pomoci integracni metody pro ODE



Transformator nakratko

di, . u, [%] _ U
L —&+i R, =—=% U_sin(w-t U, =—~2
ot TR =T ypg Insint@ D V3
di UK[%]UmSin(a)-t)—iK-RK
dt L

o

\ 4

1 [ |
V\ % E . >
Sine Wave —Jppi+ Integrator Scope

AV
Gain1

@4_

Gain

Zpracovani pomoci blokti nastroje Simulink



Transformator nakratko

4\ L 2
File E
P 4 L I
= ~ Il 3 File Edit Vi Simulati F t Tools Hel
1 . 1 File Edit View Simulation Forma ools elp 3
O 3* 3| ||| Enter search term - e - — = = = - i
| = =] o | -
—— O =EE s i) » |D.'| |N0rrna| ﬂ 4 [
CU!LIbI'ﬁI'IES ibrary: Simulink/Commonly Used Blocks | 4| W L
= | Simulink = BN L
| - Commonly Used Blocks } Bus Creator
-~ Continuous
H .- D inuiti !
i Discontinuities { Bus Selector 1 | |
y - Discrete U >+ s .
}l --Logic and Bit Operations |
] i~Lookup Tables D Constagt Sine Wave + Integrator Scope
d --Math Operations ol n Scope _ O % Gain1
| | -Model Verification b o
g - Conve = = | (@
F - ModeHWide Utilties @ p }8 /® ﬁ % = 'lE &
o --Ports & Subsystems .t .
[ - Signal Attributes
- Signal Routi
[ fgna outing s Rk
| - Sinks Integrs i
| - SOUrces
[ --User-Defined Functions - . r
l " _ ’[>’ Ga Gain
q +- Additional Math & Discrete L
| +E Aerospace Blockset '
l : E Communications Blockset @ Gl
- i: ¥ control System Toolbox  —
W
| G- 8 EDA Simulator Link Int =
Zal +E Fuzzy Logic Toolbox 156% oded3
1 ~f21 = @(t,v,¥p) [Lsl*yp(1)
E Image Acquisition Toolbox e L N L a1
[ 3 —-—— h#* + h* 7 +
E Instrument Control Toolbox Rfve (1) i t yp (2) s
T Mode! Predictive Control . Logic “[tevl = odelSi(£2i, tspan, :
+- T Neural Network Toolbox ANDE  Gper CPlotit, ¥l 1), ey iz,2) )5
+E Reak-Time Workshop -grid on;
+/- Ig| Reak-Time Workshop Em... :} Mux —cle
E Report Generator ~gimalink
.. Tl Bakniat Canteal Tenlhoy ﬂ — —print -sNakratko —dsvg Nakr:
Showing: Simulink/Commonly Used Blocks 1 -
004 005 006 007 i Y
£ > < >
4\ Start OVR

Zpracovani pomoci blokti nastroje Simulink



Transformator nakratko

Reseni numerickou metodou bez zanedbani Ly:

g

L a\
R=—r+1, RV .
Sine Wave
2
pZzL_G+Lh_LL
2 A
> Gain
] R, | <
Ugl70 : . . g
U smlw-t)—1i - L -i,—-— ain
dii 100 " SR "2 P "
- 1
dt })2 s [ 12
Integrator1
Gain3
u [%] : :
- i{OO Umsm(a)-t)_Lh-zl- K_i Ry DR
di, P P 29 Gains
dr P, %‘—

Gain6

Zpracovani pomoci blokti nastroje Simulink

Scope




Transformator nakratko

4\

File Edit Debug Parallel Desktop Window Help

| £ MEB 9 ¢ | &of 5 | @ | CurentFolder| CAWORK\MATLAB
Shortcuts (2] How to Add (2] What's New

Current Folder W 0O a X | CommandWindow

« MA., » - O F - >>» P1=Ls/2+Lh;

L
| File Edit Wiew Simulation Format Tools Help
Ve D @S & b P17 [Nomnal | Bl

D2=T a2/ /21Th Th"2/p]=
Scope

S8 LY ARE BAF

0.04 0.05 0.06

— O ® Yl u ;— - ]
Sine Wave
k] Integrator Scope

Gain1

{:

Gain

Lh*Rk/2/P1 &

Gain2

5 2
Integratord

Gainb

-Lh*Rk/2/P1 &

0.09
Gainb

Ready 125% oded3

lot =

tkri

lak:

Zpracovani pomoci blokti nastroje Simulink



Transformator nakratko
Reseni implicitni numerickou metodou bez zanedbani Ly

Ldi o Ry dy ) di, _ u,[%]

U, sin(w-t)

L -— h
2 dt 2 dt dt 100




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



Transformator nakratko

Reseni implicitni numerickou metodou bez zanedbani Ly:

4\
File Edit Debug Parallel Desktop Window Help
% B9 ™| & B | @ | CurentFolder:| CAWORK\MATLAB | @
Shortcuts (8] How to Add  [2] What's New
Current Folder w0 2 x| CommandWindow MO a X | \Workspace [0 2 x
« MA. b v O [£] - >> Ukm=Ukp/100*Unl/sqgrt (3) *sgrt (2) ; @ | & &) B | | L select datato plot =
tegpan = 0 : 0.0001 : 0.1;
Mame Marme Value
vo = [0; 01:
+ PodkladyPrezentace -~ vpo = [0; 01: EaGfe 2.4793e-06 ~
# CiceniPIS2021.m HH 10p 1
=] CwiceniPJS2021.TXT & Laleil! 1 o4 Thas11 4 Eﬂ Lh 403.7521
) fl.m ST, o T M Figure — O * | B 0.3832
] flem ST e I L i ) Ls1 0.1916
fﬂﬂkm f2i = B(t,v,vp) [Lsl*yp(l) + B File Edit View Inset Tools Desktop Window Help k] EEP_I 403.0437
2 fikem e T IR P AR EIC T HH P2 03631
sz.m [t,¥] = odel5i(f2i, tspan, v0, EHRFe 4.0332e+05
= | & Matlab.ZIP A Rk 121000
Matlab2010Graf1.pdf plot(t,y(:,1),t,¥(1,2) ) 0.15  Rit £.0500
Matlab2010Graf2.pdf grid on; HH snt 10
%] Nakratko.mdl Ix > FH ukm 3.9215 .
| Nakratko.mdLr20022 ' i 0 s
|| Nakratko.sh 0.1
aNakratko.wg Command History H 08 x
%] Nakratko2.mdl : - P2=Lg/24+Lh-Lh"2/P1; ~
_:| Makratko2.mdl.r2008a v 0.05 E cle
CviceniPJ52021.m (MATLAB Sc ™ - : - Ta=Tkp/100*Tnl/ sgrt (3) *sgr1
: ~tspan = 0 : 0.0001 : 0.1;
Zakladni technicke parametry trans: : y0 = [0F 01
0 ' ~yp0 = [0; 0];
: % Lsl*il' + Rkl*il + Lh*il’
-0.05 . ~£2i = @(t,¥,vp) [Lsl*yp(l)
: ; -~ Lh*yp(l) + Lh*yp(2) + Lsl
: : : ~[t,v] = odel5i(£2i, tspan,
; : | ~plotit,¥(:,1),t,¥v(:,2)):
-0.1 cegrid ome
001 002 003 004 005 006 007 008 003 01 grid oni M
£ > < >
4\ Start OVR

Zpracovani pomoci soustavy implicitnich diferencialnich rovnic



Transformator nakratko

Reseni numerickou metodou s kompletni topologii:
RKla RCUI LGI LGZ' RK2'3 1{CUZ'

1 2
o—+ —0
o o

]

H

L

[}‘*
I AN m—af T g oA ¥ oe—a PNV B»ps S——P
Current Sensor
Ls1 Ls2c Rk2c PS-Simulink
AC Voltage Source Lh1 Rfe1 Converter Scope
i . Voltage Sensor
> '
(=0 P E
Solver PS-Simulink T
Configuration i Convertert

Zpracovani pomoci obvodového schéma nastroje Simscape
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Transformator nakratko

Reseni numerickou metodou s kompletni topologii:

E L 4

%] Nakratko2.mdl
| Nakratko2.mdl.r2008a

RETYI

G

CviceniPJ52021.m (MATLAB

W
b

%

Zakladni technicke parametry trans

4\ Start
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- Power Electronics

+- gl SimRF
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=|- Foundation Library
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¢ i~Electrical Eleme...
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-Magnetic
-Mechanical
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L. Tharmal

2l

l

|

~—f= Capacitor =—| :l——n Dicde
—i— Electrical g
= Reference Fﬁ[ Gyrator
- Ideal
};‘__ &8 = ¥¥ "o |nductor
- . Transformer
][ Mutual Inductor H:D—. Op-Amp

Rotaticnal Elec-

Resistor
tremechanical...

.
+_€F Translational E-

Switch
) lectromechani...

4\
File | ¥ SimscapeMakratko - O x
j File Edit View Simulation Format Tools Help i
sh 0| & HS & 2 P [Noma A Relen RREBEE®
Curr] L
k 5@ Select data to plot +
[ |G
A R e £ A M Value
- ] l BIPSS ] 2.4793-06
W Current Sensor .4 Lz Ls2c Rk2c PS Smolink 1
E \#) AC Voltage Source Lh1 ) Rfef o Scope 4037521
# V] |Voltage Sensor 0.3832
4 _ PSS > 0.1916
fg flx}=0 p——tp [ l — I 4039437
& Solver Pcso-fdgﬂrtu;'qu 03831
E Configuration | | ] 1 | 4,0333e+05
= = = = = 12.1000
[
£
= Ready 125% odel5s a
&=, T £x] T -
j Nakratko.skx 0 & >l d “ -
@ Makratka.svg Libraries Library: Simscape/Foundation Library/ElectricalElectrical Elements

Showing: Simscape/Foundation Library/Electrical/Electrical Elements

Zpracovani pomoci obvodového schéma nastroje Simscape




Transformator nakratko

Reseni numerickou metodou s kompletni topologii:

4\
File | B
”j- File Edit View Simulation Format Tools Help I
s O |2 EH & ] = > 1 |Nemal ~ B B REE®
Curr . H0Oa X
| b @ Select data to plot ~
1 15
' _“®L T e Value
o i AT = = o=, ity PSS »
! l — il I:I 2.4793e-06 A
'y Current Sensor g4 L1 Ls2c Rk2c [T 1
= A : PS-Simulink
E ) AC Voltage Source Lh1 Rfe1 anverter Scope 403.7521
e Y] |Voltage Sensor 0.3832
E(" flx)=0 1 = 0.1916
A B scope - O X I 403.9437
e = 0.3831
8 Sowr B PPL ABE DA . e
i Configuration I Maased
i = L 12.1000
[
B
I IR /- BT T D
I Ready odel3s I
e — =
__'] Makratko.sh —1 H - !
‘% Nakratka.svg 1| T - Library: Simscape/Foundation Library/ElectricalElectrical Elements ] »
%] Nakratked.md| :
[ Nakratko2mdl.2008a , [NY - NN o= = Capacitor b picse =
At aom r Electronics -
CviceniPJS2021.m (MATLAB Sc ™
J__ Electrical d
X X ape = ]S.E[ Gyrator
Zakladni technicke parametry tran - ation Library Reference - =
ectrical - Idesl
..... .. lectrical Eleme... };: Transformer T Indute
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i o . N :” e R -Electrical SUUFCESJ _j[ Mutual Inductor HZD—. Op-Amp
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agnetic - - . _ Rotational Elec-
........... .. g ) ~AMM—=  Resistor + ~$ tramechanical...
\ echanical —
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I I I . I 0. eumatic 4 ! - lectromechani...
< 4 armal j M LR ﬂ
4 Start izcape/Foundation Library/ElectricalElectrical Elements.

Zpracovani pomoci obvodového schéma nastroje Simscape




Transformator nakratko

Reseni numerickou metodou 3f varianty topologie:
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Transformator nakratko

Reseni numerickou metodou 3f varianty topologie:
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Transformator nakratko

Reseni numerickou metodou 3f varianty topologie:
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