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Zakladni popis

Uéel programu

Program DYNAST (DYNamika A STatistika)
slouzi k simulaci a ke staticke, Casove (dynamicke

1 kinematicke) a kmitoCtove analyze linearnich 1
nelinearnich dynamickych soustav 1 k analyze
jejich zavislosti na riznych parametrech v mnoha
fyzikalnich disciplinach.

Popis systému:

» algebro-diferencialnimi rovnicemi s
podminénymi, logickymi vyrazy a udalostmi

* blokovymi schématy (ala Simulink)

e branovymi (multipélovymi) schématy
(ala SimScape, Modelica)

* ¢1jejich kombinacemi



Zakladni popis

Unikatni vlastnosti nastroje DYNAST:

Vysoce univerzalni a flexibilni systém zaddvani:
— Tti zpuisoby formalniho popisu (plus kombinace)
— Mozny implicitni tvar rovnic interpretovany
s potlaCenim potencionalnich algebraickych smycek.

— Formulace interaktivni v grafickém prostfedi, nebo zdrojovym
textem.

Zcela volné€ pouzitelny a otevieny nastroj véetné systémovych
zakladnich knihoven a jednotlivych prvk.

Spustitelny na mnoha platformach (MS Windows, UNIX, MS-DOS,
CP/M, ...) s minimalnimi HW pozadavky.

Velmi vykonny, zvlasté pro nelinearni problémy, 1 na bézném PC.
Vystupy vyuzitelné v jinych nastrojich.

Automaticka tvorba dokumentace, weboveho publikovani vystupt a
ilustracnich animaci.

Tradiéné vyuzivan na CVUT a ZCU/FEL.



Vyvoj programu

* Program DYNAST vychazi z programu SADYS, ktery
navazoval na n€kolik verzi programu DAVID, ktere
byly vytvoreny na katedie teorie obvodu FEL CVUT.

* Program DAVIDA4 v roce 1952 uspésné obstal pi1
narodnich a v roce 1983 1 pi1 mezinarodnich zkouskach
programu, na jejichz zakladé¢ byl zarazen do katalogu
programu RVHP.

* Program SADYS vznikal na osmibitovych vypocetnich
prostfedcich s 64 kB pod operacnim syst¢tmem CP/M v
jazyku FORTRAN IV. Byly vypracovany verze pro

— minipocitace fady SM s operacnim systémem DOS RV
— 1 pro pocitaCe fady EC s operacnim systémem DOS.



Vyvoj programu

* Soucasna verse programu DYNAST je
naprogramovana v jazyce C, rozsirujici komponenty
pro dokumentaci potom v jazyce Java.

» Aktualni verse DYNAST 4.0.1 je 32-bitova aplikace
pro MS-Windows s grafickym uzZivatelskym
prostfedim vyzadujici meéné nez 50 MB 1nstalacniho
prostoru na pevnem disku.

* Vypocetni jadro DYNAST je provozovatelné bez
virtualizace 1 pod opera¢nimi systémy LINUX a MS-
DOS.



Schopnosti analyzy

DYNAST umi pro nelinearni systémy vySetrit:

* Prechodn¢ odezvy na buzeni a poCatecni
podminky.

 Statické nebo ustalene odezvy 1 jejich zavislost na
zmenach parametru.

* Odezvy na male¢ 1 velke signaly v okoli pracovniho

bodu.

* Fourierovu analyzu ustalenych periodickych
odezev.

* Linearizované modely v okoli pracovniho bodu.



Schopnosti analyzy

Pro linearizované modely DYNAST umi vySetrit:

 Laplaceovy obrazy odezev na buzeni i pocatecni stav

o Casové charakteristiky a odezvy v semisymbolickém
tvaru

* Prenosov¢ funkce a jejich koeficienty 1 kofeny jejich
polynoma

« Slozky frekvenCnich charakteristik prenosovych
funkci

DYNAST je dale schopen exportovat semisymbolické
pirenosove funkce do prostiedi MATLABU 1 provadét
spole¢nou simulaci se Simulinkem.



Zakladni popis
Pouzité metody

Zpusob automatickeé formulace rovnic popisujicich
branova schémata, ktery je v programu DYNAST
pouZzit, je zalozen na modifikovane metod¢ uzlovych
napéti. V pripadé ¢asové analyzy program pouziva
formulaci v podob¢ soustavy obyCejnych obecné
nelinearnich algebro-diferencialnich rovnic 1. fadu v
implicitnim tvaru:

F(x(t),x’ (t),t):O

kde x(t) je vektor tzv. primarnich proménnych, x/(t) je
vektor derivaci primarnich proménnych podle nezavisle
proménné t a F(X, X/(t), t) je vektorova funkce.

K feSeni soustavy pi1 Casové analyze se pouziva
implicitni vicekrokova integracni metoda.



Kontakt na internetu

Z.aklathi adresa autoru:
http://virtual.cvitgz/dynast/

Stazeni prostrediLpro PC:
http://virtual,ordt.cz/dynast/download/dysshell-install.exe

Tento dokument:
http://home.zcu.cz/~nohac/Dynast/Prednasky/



Kontakt na internetu

/0 owast Dcwn,o;——,‘_

& = €[] virtual.cvut.cz/dynast/

DYNAST for Windows m Cesky  Contact

DYNAST

The full version of DYNAST for Windows is 4.0.1,
Feb 22" 2015.

« User's Guide for DYNAST
- IBM compatible PC computer DYNAST solved examples

« MS Windows 2000/NT/XPNistal/7/8 Examples of solved equations and simulated real
systems that can be modified and re-submitted
just by clicking a button

System requirements

Installation instructions

« Download the installation file dynshell-
install.exe

+ Run the downloaded installation file

« Follow the instructions of the setup program




Kontakt na internetu
Knihovna reSenych prikladii:
http://Wtual.cvut.cz/dyn/examples/

Prirucka:
http://virtual.cvut.czivypoctyprirucka.pdf

Kurz multipolovefio modelovani:
http://virtualevut.cz/dynlabcourse/index.html

Aktualni portal:
https://sites.google.com/site/dynasthelp/



Knihovna feSenych prikladu

N ———— = =
_-"- [ wirtual.cvut.cz/dyn/examp X

\

" = ik i i i i
€« C' [ virtual.cvut.cz/dyn/examples/ o =
R I bl Example: DCWHEAT - . - - .

esolvable Resistive bridge circuit
Examples
=ISystems System
HEquations _ . \ . .
S Electrical The Wheatstone resistive bridge is widely used to measure unknown resistances.
* Voltage divider 1 1
* Current divider +| R +| R3
» Resistive bridge circuit Aind
» Power transfer in resistive E1
systems <+> A o 1 o8B
o T % T
# RC integrating circuit + +
* RL derivative circuit
# Parallel RLC circuit R2 R4
* RC circuit with time-varying }__ I
resistor
* R C circuit with nonlinear . -
rasistor System excitation
# RLC circuit with switch Source of constant voltage E;.
* RC high frequency filter
* Four-order LC Chebychev filter Parameters
# Serial resonant network
# Fourier Synthesis E; =10 [V] DCsupplyvoltage
# Linear transformer Ry =2k [72] bridge resistance
# Group delay of a second-order , ,
low-pass ﬂltrer Ry =1k [2] bridge resistance
* Comparing lossy transmission Rz =4k [02] bridge resistance
line models
» Experiments with a lossy
fransmission line Task
# Electranic 1. Calculate the R4 resistance for which the bridge is balanced.
* Power-electronic 2. Use the sweep static (DC) analysis to verify the result.
F Electro-mechanical 3. Calculate the current through the current indicator when Ry = 1ka.
-J.:-Me.chamcal 4. Verify the value of the current using results from the static analysis.
& Fluid-power
# Heat-fransfer lick i
®Contral Click to see solution
@ Multi-domain |
virtual.cvut.cz/dyn/examples/examples/electrical/dcwheat/index.htm -




Knihovna feSenych prikladu

[ virtual.cvut.cz/dyn fexample: %

L C' [ virtual.cvut.cz/dyn/examples/

Resolvable
Examples

=1 5ystems
=IEquations
» Linear algebraic
equations
* Nonlinear differential
equations
» Polynomial roots
» Evaluation of explicit
equations
# Four-bar linkage
kinematic analysis
= Monlinear algebraic
equations
* Third-order differential
equation
* Bessel's differential
equation
= Equation of
mathematical pendulum
» Equations of double
pendulum
= Van der Fol's equation
» Cornu's spiral
* Equations of Hoffmann's
hydraulic mechanism
[+ Electrical
[#IElectronic
[+ Power-electronic
# Electro-mechanical
#Mechanical
# Fluid-power
+Heat-transfer
[+ Control
# Multi-domain
[+ Submodels

Download:
DYMNAST DYMNAST

C nfharara iZuida

P

Example: EQS6

Nonlinear
differential
equations

Task

Solve the explicit, or normal- form,
nonlinear differential equations

r -0.17 + mf

Mmo= o1y -m* 012 - mf
f 0-1r + 2m ~ mf ~ 0-2f2 -
1000f

for 0 <t< 12s and f{0) = 9.975 ,
m({0) = 1.674 and r{0) = 84.99.

Click to see solution

Last Update
March 14, 2008

Close

Solution

Converted into the implicit form the equations take the shape:

0o = —7—01r+mf
0 = —m40.1r—m+0.1 2 —mf
0 = —f40.1r+2m—mf—0.21—1000f
Results
Nonlinear differential equations
0’ m,
0.107
0.087]
0.067
0.047
0.02—
L
8_

T T T 1
o 2 4 & 3 10 12
time [5]

o]

>

| £




Knihovna feSenych prikladu

[ virtual.ovut.cz/dyn fexample: %

« C [3 virtual.cvut.cz/dyn/examples/

Resolvable
Examples

[=18ystems
=IEquations

# Linear algebraic
equations

* Nonlinear differential
equations

# Polynomial roots

= Evaluation of explicit
equations

* Four-bar linkage
kinematic analysis

# Monlinear algebraic
equations

* Third-order differential
equation

» Bessel's differential
equation

# Equation of
mathematical pendulum

= Equations of double
pendulum
#Van der Fol's equation
= Cornu’s spiral
» Equations of Hoffmann's
hydraulic mechanism
[#IElectrical
# Electronic
[+ Power-electronic
# Electro-mechanical
[+ Mechanical
#I Fluid-power
+Heat-transfer
[+ Control
# Multi-domain
[+ Submodels

Download:
DYMNAST DYMNAST

C nfharara iZuida

Example: EQS6

Nonlinear
differential
equations

Task

Solve the explicit, or normal-form,
nonlinear differential equations

-0.1r + mf

Moo= o.1r-m+ 012 - mf

f = ortoam-mf- 022"
1000f

for 0 << 12s and f{0) = 9.975 ,

m({0) = 1.674 and r{0) = 84.99.

F =

Click to see solution

Last Update
March 14, 2008

|

Close

Input and output data

Parameter modification

You can modify here the model parameters and re-submit the problem to DYNAST to

receive new results.

*: Nonlinear differential equations

*SYSTEM;

SYSVAR T, m, f;

0 =-VD.r - .1%r + m*f;

0 =-VD.m+ .1%r - m + .1¥f**2 - m*f;

0 =-VD.f+ .1%r + 2*m - m™*f - .2¥f**2 - 1000%f;
*TR; TR 0 12;

INIT f =9.975, m = 1.674, r = 84.99;

PRINT r, m, f;

RUN; *EMND;

Submit to DYNAST

Reset Data

|

| £




Kontakt na internetu

virtual.ovut.cz/dyn/examp X :f [" Downloading DYMNAST & % l —

L

i

C' | [} virtual.cvut.cz/dyn/download/public/ iy » =

S b L1 ™
Downloading DYNAST & Accessories

About DYNAST

DYNAST is a software package for efficient and easy modeling, simulation and analysis of
multidisciplinary nenfinear dynamic systems. Dynamic multipole models that can be set up in DYNAST
in a graphical form characterize directly the real configuration of dynamic systems. The multipole
models, however, can be combined with equations and block diagrams. DYNAST not only solves
nonlinear algebro-differential equations, but also automatically formulates them for the multipole
models. So there is no need to form any equations, block diagrams, or bond graphs. DYMAST is also
able to linearize the models and to provide their semisymbolic analvsis in time- and frequency- !
domains.

DYNAST on-line
User's support |

« lUser's Guide for DYNAST

+ Re-solvable examples of solved equations and simulated real systems that can be modified
and re-submitted just by clicking a button

+ Web-based Course on multipole modeling of multidisciplinary engineering systems

Downloading DYNAST Shell

To utilise the server-based DYNAST Sofver in the on-line mode across the Internet, you need to
download the working environment called DYNAST Shell, This package will give you also access to
the DYMNAST publishing system.

DYMAST was last updated on October 15, 2008, version is 3.9.23.

System requirements

« [BM compatible PC computer

« MS Windows 2000/NT/%P

+ GhostView and GhostScript to view and print reports generated by the DYNAST publishing |
system

Installation instructions

« Download the installation file to a temporary directory -
| S R e T — )




Kontakt na internetu B

" [Y virtual.cvut.cz/dyn/examp X)_.I [ wirtual.cvut.cz/docs/dynas X !"._-

C' | [I virtual.cvut.cz/docs/dynast-documentation.pdf e B =

F

DYN, Nad Lesikem 27, CZ-160 00 Prague 6, Czech Republic

Easy computer-assisted modeling
of dynamic systems

User's manual
for simulation system DYNAST

Herman Mann




Kontakt na internetu

€ - C [} virtual.cvut.cz/vypocty/prirucka.pdf

7o »|

[ | e

Ceské vysoké uéeni technické v Praze

Snadné pocita¢ové modelovani

dynamickych soustav

Pfirucka k internetovému kurzu
a simulacnimu systému DYNAST

£



Kontakt na internetu

Y virtual.ovut.cz/dynfexam

x /[ dynlab x N

L
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C' | [ virtual.cvut.cz/dynlabcourse/index.html

D n Course on Modeling and Control
y of Multidisciplinary Systems

Leonardo da Vinci Programme Pilot Project No:
CZ/02/B/FIPP/134001

e

'--,"-l:u"

Bascabion ard Dulbes

Leonardo da Vinci

35

This Web Based Course presents a novel approach to modeling allowing the
integration of various engineering disciplines using a unified approach. It is
supported by DYNAST simulator freely available for use across the internet.
The course provides an extensive range of interactively re-solvable examples
and virtual reality experiments.

Re-solvable examples

[
F
. ENGINEERS WANTED
Course parts for printing:
Computer Skills
1. Modeling and Simulation Mandatory
2. Modeling of Semiconductors
3. System Control Apply Within
4., MNonlinear Control Systems

Downloads: DYNAST software

Course poster
DYMNAST poster

— i |
Indicator of project dissemination Geez Joe, - now | wish 1 ook that DynLAB coursel

This page was last updated by the DynlAB Coordinator on July 26, 2005.




Typy reSiciho programu

Solver online umoziNg feseni tiloh na serveru CVUT bez op€Zeni jejich rozsahu

Firewall-immune Solver onlthg mizete vyzkouset, brgwf-11 vam firewall vyuzivat predesly
reSic

Lite Solver offline lze pouzit bez pripojeMy¢fa Internet, ale jen pro ulohy o malém rozsahu

Student Solver offiine umoznuje fg#ft vétsi uloNwpez Lite Solver, vyzaduje vak softwa-
rovy klic

Professional Solver ofjiffie fesi ulohy bez omezeni, vyzaduj&\gSak hardwarovy kli¢




Typy souboru

Typ SOUBOR POPIS
specifikace 1iloh
‘ * PRB Itext ulohy text zadani soustavy a jeji analyzy
* DIA :sc.hé.ma ulohy schéma soustavy v grafické podobe
*0 |v33'slecln33' text text s vysledky analvz
* INIT | pocate¢ni podminky | pocateéni podminky nelinearni analyzy
* FTN | tabelovana funkce text s hodnotami tabelované funkce
* LAY | usporadani oken usporadani oken v DYNAST Shellu
specifikace submodeli
* MOD |text submodelu text zadani submodelu
* DIA . schéma submodelu | schéma submodelu v grafické podobé
* LBR | knithovna znatek knihovna grafickych zna¢ek submodelt
* CAT | katalog parametru katalog parametri modelovanych ¢asti




Typy souboru

Typ SOUBOR Poris

specifikace uloh

* PRB | text ulohy text zadani soustavy a jeji analyzy
* DIA | schéma ulohy schéma soustavy v grafické podobé
*0O vysledny text text s vysledky analyz

*INIT | potate¢ni podminky | pocateéni podminky nelinearni analyzy

* FTN | tabelovana funkce text s hodnotami tabelované funkce

* LAY | usporadani oken usporadani oken v DYNAST Shellu

specifikace submodelii

* MOD | text submodelu text zadani submodelu

* DIA | schéma submodelu | schéma submodelu v grafické podobé

* LBR | knithovna znacek knihovna grafickych znatek submodelt
* CAT | katalog parametr katalog parametri modelovanych ¢asti
text schémat text knih sehema
CX ni n '
nc bSC nic € 8 bmugel [ G”ka v graficke
u u Znace ¥
nepo rovinic pﬂdﬂbﬂ

zadani * MOD * LBR * DIA
analyzy

* PRB




Sekce atok datv DYNASTuU

Sekce

Ucel

SYSTEM

Nacteni zadani analyzované soustavy v podob¢ algebro-diferencidlnich rovnic,
blokového ¢i branového schématu nebo jejich kombinace. Zadani vypoctu
udalosti a intervalii.

(apP)

Ugel této sekce je shodny se sekci SYSTEM s tim,%e navic umoziiuje dodateéné
nacitani dalsich rovnic nebo blokovych ¢i branovych prvki.

TR

Vypodet statick€¢ho feseni,vypocet Casového feseni vychazejici ze zadanych
pocate¢nich podminek nebo ze statick€ho te§eni,vypocet zavislosti veli¢in
soustav na zménach jejich parametri,vypocet kmito¢tového spektra ustalené-
ho periodického feseni,vypocet udalosti v priubézich odezev a jejich intervalq,
linearizace soustav v klidovém nebo zadaném pracovnim bod¢.

PZ

Semisymbolickd analyza,tj.vypocet poli,nul a koeficientii pfenosovych funkci
a obrazul odezev na pocateCni stav linearizovanych soustav.

FRE

Vypocet riznych slozek kmitoc¢tovych charakteristik semisymbolicky vyjadie-
nych prenosovych funkci.

TRA

Semisymbolicky a numericky vypocet ¢asovych charakteristik a odezev semi-
symbolickych prenosovych funkei.




Sekce atok datv DYNASTuU

AC

numericka
kmitoctova analyza

FRE

semisymbolicka
kmitoctova analyza

SYSTEM linearni rovnice nebo schéma
nacteni ¢
textovych dat
nelinearni
Fovnice
nebo
schema
A 4 v
TR PZ
formulace — ®» semisymbolické
a feseni linearizovanée | obrazové funkce

schema

TRA

semisymbolicka
¢asova analyza




Sekce atok datv DYNASTuU

Vstupni udaje pro program DYNAST se
zadavaji formou vstupnich vét, ktere se
ukoncuji znakem ; (stfednik)

Véta muze pokracovat 1 na n¢kolika radcich.
Na jednom tadku muze byt 1 nékolik vét.
Pripustny pocet znaku na jediném radku je 80.
Identifikatory pouzivan¢ ve vstupnich
udajich napt. k oznacovani parametr,
proménnych, prvku a uzlu analyzovanych

soustav mohou sestavat az z osmi abecedné-
Ciselnych znaku a podtrzitka (bez mezer).

Komentare a direktivy dokumentacniho
systému jsou uvozeny : (dvojteckou)



Sekce atok datv DYNASTuU

Celkové¢ usporadani udaju ve vstupnim souboru programu
DYNAST je nasledujici:

- komentar
*sekce

udaje pro sekci
*sekce

udaje pro sekci

*sekce

*END



Tridéni proménnych

Nezavisle proménné | vnitini
vnéjsi

Zavisle proménné primarni
sekundarni

Vnitini nezavisle proménné

Proménna | Vyznam

TIME obvykle ¢as v s

TEMP parametr, napt. teplota v kelvinech
FREQ kmitoCet v Hz

SIGMA realna ¢ast Laplaceova operatoru p
GAMA integra¢ni parametr




Tridéni proménnych

Nezavisle proménné | vnitini
vnéjsi

Zavisle proménné primarni
sekundarni

Vnéjsi proménne jsou nezavisle promenne,
jejichz 1dentifikatory si definuje sam uzivatel
programu. Tyto proménné program vypocita
prostym dosazenim do zadanych explicitnich

vztahu.




Tridéni proménnych

Nezavisle proménné | vnitini
vnéjsi

Zavisle proménné primarni
sekundarni

Zavisle proménné jsou v programu rozlisSeny
jako primarni a sekundarni.

Vypocet primarnich proménnych vyzaduje
feSeni alespon jedne implicitni rovnice nebo
analyzu blokoveho ¢1 branového schématu.



Tridéni

promeénnych

Nezavisle proménné

vnitini
vne)si

Zavisle proménné

primarni
sekundarni

Sekundarni proménné program vypocita prostym
dosazenim do zadanych explicitnich vztahti podobné jako
v pripad¢ vnéjSich nezavislych proménnych. Rozdil je
vSak v tom, Ze ve vztazich pro vypocet sekundarnich
zavisle proménnych vystupuje jako argument alespon

jedna primarni zavisle
vztazich mohou vystup

promeénna, zatimco v defini¢nich
ovat pouze nezavisle proménné.

Sekundarni proménné |
a branovych schémat.

ze ziskat 1 z veli¢in blokovych



Nejjednodussi priklad
*SYSTEM;
b=3;
c=-4,

Number of nodes: 1
Number of implicit equations: 1

SYSVAR x;

O0=x**2+b*x+cC; 1... X
=)

*TR;

DC; 1

DRINT X 1.000000e+000

RUN;

*END;



NeJ J ednodussi priklad

Eile Edit View Errors Run Preferences Window Help

DE-& = #s B2 BRB]|
[P Res.. [ || @ [ 52 | || [ ResenikvadratickeRovnice o) e |

*SYSTEM; j FHEfEEEER#E44444484F DYNAST - FREE VERSION ####fffsfsfsdssT
b=3; #

oc=-4; # DYNAST - Free Version

F

SYSVLR x; ##%#%%%#4#% version 3.9.23 - release date July 23, 2008 ####i
O=x**2+h*x+c;

*TR; Program DYWAST started on October 24, 2014 at 00:52:25
DC;
PRINT x; *SYSTEM;
b=3;
E==505

S5YSVAR x;
O=x**2ih*x+c;

*TR;
DC:

RUN;

nodes: 1
implicit egquations:

1
1.000000e+000

Statistics: 0 steps, 0 rejected steps, 5 iterations

Number of errors: 0, NHumber of warnings: 0
Total seconds used up by DYNAST: O
Program DYWNAST exited on October 24, 2014 at 00:52:25

[«

All open files have been automatically saved




Zadavani vyrazu

z menu System volbou Insert Expressions (Vlozit vyraz)

Expressions
Variables: Functions: Cperators:
Variable | Description # | [DYNAST functions: +  addition
Modes branches: )] - substraction
REF ABS( ) *  multiplication undo
ouT ACOS() / division
M ACTM{ ) == power
Help
External parameters: ASIM( ) = equal
a Parametr "4~ ATAMN() %> notegual
b Parametr "B” ATANZ() < less than
Solved variables: Cos() <= less or equal
IMMER. COSH() = greater than
Element across variables: COTGH() >= qgreater or equal
—  |CTH() & logical AND
E10() | logical OR
EXP() % differentiation
INT( )
Element through variables: LOG( )
LOG10()
SGM( )
SING)
SINH( )
Element parameters: SQRT()
TAM()
TAMH() Close
W o




Numericke konstanty

mantisa |E exponent| nebo jako  mantisa [pﬁf’pona[_jednmkaﬂ

PRIPONA || NASOBNA KONSTANTA || HODNOTA
tera 1012
G giga 10”
ME mega 106
K kilo 103
M mili 103
U MICro 10~
N nano 10~
P pico 10~12
F femto 10-13
PT Ludolfovo ¢islo T

Priklady. VSechny nasledujici numerické konstanty jsou z hlediska DYNASTu pfipustné;

{ -3.4 .3 67.08E-10 6.3K O5ON 1K VOLT 100 OHM -1PI}



Operatory

OPERATOR | PRIORITA OPERACE
* * 5 umocnovani
* 4 nasobeni
/ 4 déleni
— 3 scitani
- 3 odcitani
% 0 symbolické derivovani

e piikaz $TIME oznaCuje symbolické derivovani vzhledem k Casu predchazejiciho symbo-
lického vyrazu zadan€ho uzivatelem

e piikaz VD . proménna znaci numericky derivovanou promeénnou proménnd vzhledem k Casu,
ptiéemz pribéh této promeénné pocita DYNAST pi1 feSeni implicitnich rovnic



Operatory

Priklady. Nasledujici pfiklady ukazuji aritmetické vztahy a tvar jejich zadani pro DYNAST.

.X:kT X = kx(a*x*x2 + b*%2) %% (1/2)/2;
=—£ : = TIME/ (1 - TIME*=*3)%TIME;
P A\ 1= Yo ’ '
pzi(xg—lx) P = X*%%3 — 2%X %X;
dx o
= d x — = 2/ (x+1) % + ,
S—xdx P X S = X* (X (x+1) 5x%x) X}

By 2 1,2
:=8 5 (x +) ) Z = (X**2 + y**x2) /XEX%Y;
x dy



Operatory

OPERATOR | PRIORITA OPERACE
- 6 logicka negace
< 2 mensi nez
> 2 veEtsi nez
<= 2 mensi nebo roven
>= 2 vetsi nebo roven
<> 2 neni roven
= 2 rovnost
& l logické AND
| l logické OR
10 pro z<2
J"={3___|_4 -2 Y = 10%(2 <= 2) + (3%2 + 4)*(Z2 > 2);
%
Y, — —
W/ N v =vlx((u > ul)|((u > 0)&(VD.u < 0)));
- . l
0 T




Standardni funkce

TYP | FUNKCE TYP FUNKCE
EXP | exponencialni E10 | dekadicka exponencialni
SQRT | odmocnina LOG10 | dekadicky logaritmus
SIN | sinus LOG | ptirozeny logaritmus
COS | kosinus ABS | absolutni hodnota
TAN | tangents INT | cela cast
CTN | kotangens SGN | signum
ASIN | arcus sinus SINH | hyperbolicky sinus
ACOS | arcus kosinus COSH | hyperbolicky kosinus
ATAN | arcus tangents TANH | hyperbolicky tangens
ACTN | arcus cotangents || COTGH | hyperbolicky kotangents
x=a-sin(b*+3) X = A % SIN(B**2 + 3);
3
y= Y = 3/SQRT (Ax+2 + 10+COS (5% (A + B)xx2));
va?+10cos5(a+b)?

2
- J 3 tany _ 0% 0% .
I=—X¢ Z = X+**x3+«EXP (TAN(Y) ) %$X%Y;
dx dy



Uzivatelské funkce - Tabelované

Insert Tabular Function (Vlozit tabelovanou funkci) zvoleny v menu System

Insert Function

Tabular lTlanstrrnatiDn Trimming] Peﬁu:udiu:'rt'_.r]
Insert

Idertifier:  |DIO S
ance

Points:

Argumert Function Insert Help

-1k -10

0 0 Delete |

[Tk ] |

0% g2 4g? ag® 0@ a0 0f w0 02 | m Expression...

Statement
DIC fTAB( -1k,-10, 0,0, 30,1k;




Uzivatelské funkce - Tabelované

Vné intervalu zadanych argumentti < x;,x, > je funkce linearné extrapolovana. Pro kazde x <
x1 Je tedy funkce aproximovana piimkou prochazejici prvnimi dvéma body tabulky x| a x;.
Podobné pro kazdé x > x, je funkce aproximovana primkou prochazejici poslednimi dvéma
body tabulky x,_; ax,.

DIO1 /TAR/ -1k,-10, 0,0, 30,1k;

Gap/TAB/ 0,0, d,0, 2%d,A, 2xd,0, 3%d, O0;

1 = DIO1(w); Z = GAP(time) ;



Uzivatelské funkce - Tabelované

DYNAST vam rovnéz umoznuje tabelované uzivatelské funkce importovat ze souboru ASCII.

Tabulka se uklada do souboru
soubor . FTI

Obsahem souboru je posloupnost dvojic argumentt a prisluSnych funkcnich hodnot v po-
dobé numericky konstant oddélenych mezerami, nebo ¢arkami.
Ptikaz pro nacteni souboru s tabelovanou uzivatelskou funkeci je ve tvaru

FILE = soubor;

Tabelovana uzivatelska funkce DIO1 z pfedposledniho pfikladu tak mize byt ulo-
zena napf. v souboru F1.FTN obsahujiciho data

-1k =10 0 0 30 1k
Tabelovana uzivatelske funkce uloZzena v souboru F1 . FTN pak muze byt na¢tena pfikazem

DIO1 /TAB/ FILE=F1;



Uzivatelske funkce - Impulzni

[nsert Impulse Function (Vlozit impulzni funkci)

Insert Function

Impulse lTlansfu:un'natiu:un Trimming] Peﬁu:udiu:'rtj,r] Insert

|dentifier: L2

IPULS

Cancel

L11 . : ;
l-TD-lTRER- TT - TF

= f2v 2= v TD = [5u

TR= [dela  TT= [4'dela TE= [¥delta

% g ag® ad® w® w® wo® wo® w® | w Beression.

Statement
PULS fPULSES L1=2_V,L2=10_V,TD=>5u,TR =delta, TT=4*delta, TF =3*delta;

Help

Pl

TRAP /PULSE/ L1 = 2_V, L2 = lO_V, TD = 5u, TR = deltsa,
TT = 4xdelta, TF = 3xdelta;

vl = TRAP (time - t0); y2 = TRAP(x1*%x2);

e

10V+

2V




Uzivatelske funkce-Polynomialni

Insert Polynomial a Given by Coefficients Insert Polynomial a Given by Roots

Insert Function : _ Insert Function

Coefficients lensfu:urrnatiu:un ] Trimming] F‘eriu:udin:'rt'_.r] Roots lensfu:urrnatiu:un ] Trimming ] Peﬁu:udiu:'rt'_.r] Insert
Idertifier.  [FC Flxi=a, +ax+-+a x" o Fx) = k(n+ )y + i), * s,
ance

Cancel

Cosffitient Value Insert |derntifier: |FR Multiplicative constant: |5
0 0 - Help Help
= Root real part Root imaginary part Insert

e |
:; ﬁﬂ' Delete 0 0
Bwrsson.. |

ilep

: | Do |

3 5 | |

2 4% 47?40t 0® 0f of w0® w® | w Eepression.. A g2 4g® gt @ a0® 0® 0® 0 | m Expression..
Statement Statement
FC fPCOLY/ 0,20,0,5; FR fROOT/ 5,[0,01,[0,20;

fx)=ag+ax+ax*+... flx)=k(x—x1)(x—x2)...

y=5x" +20x = 5x(x —27) (x +27)



Uzivatelské funkce-Transformované

Insert Function

Roots  Transformation lTrimming] F'eﬁu:u:liu:'rt:.r] Insert |
F(®=A+Bg%(Ce+D) JS=FR(®) |
Cancel

A= |_2 B- |3I Help |
c= 1 D= |0
E= |l

0= 0= g® ag® 0® 0® 0® w0® " | m Ewression..

FSF:EJ’;EQ;'T': 5,[0,01,[0,2], A=-2,B=3;
f(e)=A+Bg"(Ce+D) A=D=0aB=C=E=1
FL. /LIN/ A = -2, B = 3;
v=3t—2 v = FL(time) ;
Q=3p-2 Q = FL(p);

f(o)=1Ip(e?*—1) DIOD /EXP/ A = -I0, B = I0, C = theta;



Uzivatelskeé funkce - Omezeneée

Insert Function

Roots ] Transformation  Trimming lF‘eﬁndic’rh,r]

[

Expression...

Insert
Cancel
Help

Lower limit | = ||} J
Sz = (
Slope below SL=| %
the limit
Upper limit U= |'-.-"I cl"f
SU = (—
Slope above Sl = | X
the limit
g™ 10 7® g o® wf ot ot nu® ) om
Statement
FR I'IRDDTJr EI[DID]I[DIE]I |‘5|=—2_,B=3_,|_ =D_.-U ='u'1j

g(L)+Si(e—L) o < L
g(e) L<e<U
gU)+Sy(e—=U) for e>U

1k

DIC1 /LIN/ L=0,

L =—oco, U =00

) =L Su = (

dg
de

T dg
5 L Z

( )oe

U=0, SL=10/1k, SU=1k/30;



Uzivatelskeé funkce - Omezeneée

Insert Function

Roots ] Transformation  Trimming lF‘eﬁndic’rh,r]

Insert

Cancel

Help

Lower limit = |D
Slope below Sl = |
the limit

Upper limit W= |"-"-I

Slope above S = |

the limit

0t g2 4g? ar® 10® 0® 0f o w02 | m Expression... |

Statement

FR /ROOT/ 5,[0,0],[0,2], A=-2,B=3,L=0,U=v1;

charakteristika i = I [ee" — 1) linearizovana vné intervalu
IyOv pro v<0

! [6e%1 (v—v1)+1o (1 —1) V> v

/ |k,

| pro2 /EXP/ A = -1, C = theta, L = 0, U =

1)‘
|
_____ " i = I0*xDIO2 (V) ;

vl;



Uzivatelské tunkce - Periodické

Insert Function

Roots ] Transformation ] Trimming Perodicity l Insert |

Period P - |2 Cancel |
Help |

0= 0= g® ag® 0® 0® 0® w0® " | m Ewression..

Statement
FR JlRDDTJr 3, [U:D]:[Drz].r A=-2,B=3,L=0,U=v1FP=2

f(s)=g(s) pro 0<e<P a flo+k-P)=f(s)

A AN

10, ¢ = 2p1, L = 0, U = .5,
= halfsin(time) ;

halfsin /SIN/ B = ,
S, = 0, SU = 0, P = 2; a



Udalosti

Insert Event

MName: | STAP

Order: 1

Expression: |1jme = 10

Insert

Cancel

Expression...

Flel

0% g2 4g? ag® 0® a® ® o ® @ om

Statement
EVENT STOP = time = 10;

Udalost1 piedstavuji nahlé zmény stavu modelu dynamické soustavy.

proménnd jeuzivatelsky identifikator piislusné proménné udalosti. Az do okamziku, kdy uda-
lost nastane, hodnota jeji proménné je 10°°C. Jakmile udélost nastane, jeji proménn4 na-
bude hodnotu rovnajici se proménné TIME v okamziku vyskytu udalosti. Je-1i identifika-
tor udalosti zadan retézcem STOP, v okamziku jejiho vyskytu se analyza ukon¢éi.

rad je kladné celé ¢islo n indikujici Fad udalosti. Jeho implicitni hodnota je n = 1.
e je-li n > 1, proménna udalosti zméni svou hodnotu z 103°° na hodnotu proménné
TIME pouze jednou, a to v okamziku, kdy se wraz stal pravdivym po n-té

e je-li » = 0, hodnota piislusné proménné udalosti se zméni na hodnotu proménné
TIME vzdy. kdyZ se vyraz stane znovu pravdivym



Udalosti

X = sin(lpixtime) ;

EVENT A (0) = x < 0;
EVENT B (3) = x < 0;
EVENT STOP = (time > 10);

1.0q
0.57
0.0
0.5
=1.0-

105

NANANVANYA
BVAVAVAVARV

12



Rovnice

RozliSujeme proménné:
 1mplicitni (pro vyhodnoceni je nutno fesit rovnici)

 explicitni (pro vyhodnoceni se pouze dosadi znamé hodnoty do vyrazu)

Explicitni rovnici pro vyhodnocovanou proménnou y(#) predpoklddejme v obecném tvaru

_1’(f) =g(21,22,. .. Zns 21,22, . . 1)

Soustava n algebraickych, diferencialnich nebo algebro-diferencialnich implicitnich rov-
nic, které maji byt feseny, se piedpoklada v obecném tvaru
filxr.x0...00 Xn,X1.X2,. ... Xn,21,22.....0) =

flx1,x2. ... Xp X1,X2....,Xn,21.22.....1) =

- o o O

[}
()

~
T

I

fﬁ(rl.l'g ...... X H.i'l..‘fg.....i';;.:l.'



Rovnice

Reseni kvadraticke explicitni rovnice: Cabxde=0

(Nutno provadét v rezimu ,,Problem or Submodel Text*)

x=—b/2+4/(b/2) —c

v menu System zvolite Insert Equation

— 21x]

Identifier 'b' has not been defined oK
Type: |Exp|icit: ﬂ
Left-hand side: O Itlsasulved'u'arlable Cancel
| 1 i- click OK to declare;_‘irl_:j

(" It is some other variable
Right-hand side: - specify it by explicit equation

|-bf2 + SQRT((bf2)**2 - )|

1™ g g? gt w0® 0® 10t 1® o :

*SYSTEM;

Statement b =23; ¢ = -4;

x1 = -bj2 + SQRT{(bj2)**2 - c); x1 = -b/2 + SORT((b/2)*%2 - c):
X2 = -b/2 - SORT((b/2)*%*2 - c);

*TR; DC; PRINT X1, x2; RUN; «END;



Rovnice

*SYSTEM;
b = 3;
c = -4,

x1l = -b/2 + SQRT((b/2)**2 - c);
x2 = -b/2 - SQRT((b/2)**2 - c);
*TR;

DC;
PRINT x1, x2;
RUN;
‘*END;
|
A
|
Number of nodes: 0
Number of implicit equations: O
$
1 ... x1
2 ... x2
1 2

1.000000e+000 -4.000000e+000



Rovnice

File  Edit View System Analysis  Errors  Run

Bublishing Preferences

Window Help

D@ & oo DB BREE R MM %is mww e

*SYSTEN; EI
b o= 3;

o = —4;

%1 = -b/2 + SORT((b/2)*%2 - o)

%2 = -b/2 - SORT((b/2)*%2 - c);

*TR;

LC;

PRINT x1, x2:

RUN;

£014 at 03:49:51

x1 = -b/2 + SORT((b/21%%2 - C):
X2 = -hb/2 - SORT((b/21%%2 - C):
*TR:
Dc:
PRINT =1, x2:
RN ;
F*END:
Mumber of nodes: o
Number of implicit equations: O
1 x1
Z M
1 2
1.000000e+4+000 —4.000000e+000
Number of errors: 0, Number of warnings: 0O
Total seconds used up by DYNAST: O
Program DYNLIT exited on Novenber 14,
[«

Ln 14, Col 1




Rovnice

Reseni kvadratické implicitni rovnice: 2 Lbytce=0
(Nutno provadét v rezimu ,,Problem or Submodel Text*)

ResSeni nalezeno numericky.

v menu System zvolite Insert Equation

Insert Equation

SYSVAR resend [, resend...];
Type: |Im|:-|i|:it j
Left-hand side: ancel N, , . ’ . . . . ’
. et | Reseni kvadratické rovnice implicitni
el .
Right-hand side: ﬁ metOd OU .
X2 x* SYSTEM;
a2 oag® gt o® o oot ow® ne | om Expression... b _ 3 .
Statement ;]: .
0 = x=*2+b ™+ C = -%;
SYSVAR X;
0 = X%%2 + b*X + C;

+*TR; DC; PRINT x; RUN; =«=END;



Rovnice

*SYSTEM;

SYSVAR X;

0 = (X**X)**X-10; X

x* | =10
DC;

PRINT X;

INIT X=2;

RUN;

*END ;

v

A

{Number of nodes: 1 |

Number of implicit equations: 1
$
1 ... X
1
1.896651e+000

Statistics: 0 steps, 0 rejected steps, 4 iterations



Soustava rovnic

Soustavu dvou nelinearnich algebraickych rovnic

. %
0.5sm(u-v)———05u = 0
4n

1 5 3v
1__ ’:.H_f ) __2 — O
( 4?:)(@ E‘)—|—E’ (n: u)
*SYSTEM;

SYSVAR u, v;

0 = .5*sin(uxv) - v/4pli - .5=*u;

0 = (1 - 1/4pi)*(exp(2xu) - exp(l)) + exp(l)*(3xv/1pl - 2%u);
*TR; DC; PRINT u, wv; RUN; =*END;

|

A

lNumber of nodes: 2 \

Number of implicit equations: 2

1 ... u
2 ... v

1 2
-1.210235e-001 4.320365e-001



Soustava rovnic

*SYSTEM;

SYSVAR x1, x2, x3; :solved variables
:Solved equations:

0 = 2*x1 - 7*x2 + 4*x3 - 9;

0 = x1l + 9*x2 - 6*x3 - 1;

0 = - 3*x1 + 8*x2 + 5*x3 - 6;

*TR; DC; :static analysis

PRINT x1, x2, x3; :printed-out variables
RUN;
1 *END ;

|
Number of nodes: 3

Number of implicit equations: 3

1 ... x1
2 ... x2
3 ... x3
1 2 3

4.000000e+000 1.000000e+000 2.000000e+000



Soustava rovnic

Reseni Besselovy implicitni rovnice druhého fadu:

A+ (P Py =0 EEmp - 3

Yp—y =
7. 7 bl
I"yp+iyvp+ (=K )y = 0

v menu System zvolite Insert Equation

*SYSTEM;

k = 1;

SYSVAR vy, yD;

0 = yD - VD.y;

0 = timex*2+xVD.yD + timexyD + (timexx2 - K*%2) xy;
*TR; TR 0 10; INIT yD=.5; PRINT v; RUN HOLD;
MODIFY k=2; RUN; =*END;



Soustava rovnic

Reseni Besselovy implicitni rovnice druhého fadu:

AL+ (P —F)y=0 )

v menu System zvolite Insert Equation

Number of nodes: 2
Number of implicit equations:

’{T
Yp—YV
t*yp+tvp+ (2 —K)y

2

# Bessel's differential equation

X .. time [s]
1 ... l.y
2 2.y
X 1
.000000e+000 0.000000e+000

.000000e-002
.000000e-002

2
4.371928e-002

9.998457e-003 -3.478690e+003

1.999279%e-002

-1.429187e+004

= o



Soustava rovnic

Shell - BesselovaRovnice
T P =

File Edit View Emaors BEun  Preferences Window Help

| DE-8 = s BRI RBRBR %
Besselu-vaﬂuvnice El@

*: Bessel's differential equation

*STSTEN; !

n = 1; STSVAR v, vD;: '

0= vD - ¥D.y; '
|
|
|
|

O = time**2*VD.vD + time¥*yD 4+ [(Cime#*¥2 — n¥+#*2) ¥y;
*TR; TR 0O 10; INIT wD=.5; PRINT v¥: RUN HOLD;
MODIFY n=2:

RUMN:; *END:

Iaber of nodes: 2

Nunber of implicit equations: 2 -
Eezszel'=s differential equation
X ... time [3]
1 1.v
2 2.7

X 1 Z

0.000000e+000 0O.000000e4+000 4,371928e-002
Z.000000e-00Z2 9.995457e-003 -3 .478690e+003
4.000000e-00Z2 1.999279e-002 -1.429157e+004
6.000000e-002 2.998053e-002 -3.111961e+004
S.000000e-00Z2 3.995965e-002 -5.466598e+004
1.000000e-001 4.992635e-002 -5.493061e+004
1 2NNNNNe=nn1 5 QR77ARe=NN7? =1 218974=4+NN5

All apen files have been automatically saved |I.n 13, Cal L | ,p"




Soustava rovnic

|
DYMAST Shell - Plot: BesselovaRovnice

Eile Edit View Plot Axes Bun Preferences Window Help

L& ~-& B & w1 ool Jos

i
BesselovaRovnice
g
* .

: Plot: BesselovaRovnice E'@
*3
| 1EIB Bessel's differantial equation
3 | 0eq 50+
o s
o s
*TH 0.5- 40
Moy
| 0.4 20
— | 0.3 207
=
0.z 104
T
Mg | 0.1 0+
0.0 -10-
H
1| -0.14 -20
2
0.2 -30-
U |02 40
2
4 -0.4- -50-
& I T T T T T T T T T
a 1 2 3 B 5 a] T g g
= IR | time [g]
|] 1 Wy W2y
:

Reacdy Ln L5, Cal L




ReSeni RLC kombinace pomoci rovnic
*: Zkousky RLC obvodu

*SYSTEM: L did(tt) " R-i(t)+%_:[i(t) _u(t)
sysvar PROUD,PROUDD,NAP_KAP;

R1 = 10; 1

L1=005: ; dzigt) L pdilt) 1 ()= du(t)
Cl=1u: dt dt C dt
E1 = 10*SIN(100pi*TIME): (1) duc
E1D = 10*SIN(100pi* TIME)%TIME: dt

0=PROUDD{VD.PROUD;
0=PROUD+L1*C171VD.PROUDD+R1*C1*PROUDD-E1D*C1;

0=VD.NAP_KAP-1/C1*PROUD;




ReSeni RLC kombinace pomoci rovnic

*TR;

TR 00.1;

PRINT E1, NAP_KAP, PROUD, PROUDD;
RUN;
*END:;

/N /TN

‘10_

\ I \ \ \ T \ T

0 5 10 15 20 25 30 35
time [s]

M E1 W NAP_KAP

40



Struktura branovych schémat
prvek [> typ ] 1.uzel{-|,} [2.uzel ] [= hodnota ]

Typ Prvek Parametr
Prvky Y
J zdroj prutoku 1=1(z1,2,, ...)
R odpor proti pratoku
7 =H(z1,22, ...)
G odpor proti spadu i
— =Hz1,22, ...)
Vv
C odpor proti zméné spadu i
= f(Zl, Za, )
dv/dt
Prvky Z
E zdroj spadu v=1{z1,2, ...)
RI odpor proti prutoku V
l_' =Hz1,7, ...)
L odpor proti zméné prutoku Vv
_ =1(z1,25, ...)
di / dt
OA operadni prvek 0=1£{z1,22....)




Fyzikalni alias ,,branova“ schémata

Dilezity je vztazny uzel:

ENERGETICKA DOMENA VZTAZNY UZEL ZNACKA
elektricka elektrické uzemnéni - -
tekutinova ¢1 akusticka volna atmostéra Ly
mechanicka vztazny ram 77
Popis fyzikalnich prvki:
v
i, <= i
_p. .‘_

fo —» V_



Reseni RLC kombinace branovym
schematem
E1 1 = 10*SIN(100pi*TIME);
R11-2=10;

L1 2-3=0.05;
Cl3=1u;

PRINT V.1,V.2, V.3, |.E1, ID.E1,;

R1 L1
1 2 3
+ ! 4 Y ]
10 0.05
E1 et (1

10*SIN(100pi*TIME) —1u




Fyzikalni alias ,,branova“ schémata

VeliCiny fyzikalnich prvku:

REALNE SOUSTAVY MODELY SOUSTAV
M part3 N
3 { L
1 : part1 L1l part2 +] part4
A J = C G
] -
Cdist Redlné casti Fyzikalni prvky
1 elektronicky napajeci zdroj zdroj elektrického proudu
2 elektricky kondenzator elektricky kapacitor
3 civka dratu elektricky induktor
4 elektricky rezistor elektricky konduktor




Fyzikalni alias ,,branova‘® schémata

VeliCiny fyzikalnich prvku:

M N
‘ 2 \ ? N—¥
art3
X 3 part1 g L i[| part4
M

1 N
O J part2 G
0 4 C
| o A 4 |
C ) 1
Cdst Redlné cdasti Fyzikalni prvky

1 pumpa pohanéna motorem zdroj objemového pritoku
2 oteviena nadrz tekutinovy capacitor
3 dlouhé potrubi tekutinovy induktor
4 tryska omezujici prutok tekutinovy konduktor




Fyzikalni alias ,,branova“ schémata

VeliCiny fyzikalnich prvku:

{}E:

3

N _ 4

0

—

10

2¢1

PETTTET TPl T i A rrar il i arirrlsd
-

X

part4
G

paﬂS

paﬁ1
part2

Cst Rediné casti Fyzikalni pnh
1 zemska gravitace zdroj sily
2 zaveésene zavazi mertor
3 dlouhé lano pruzina
4 olejovy tlhumié tlumic




Fyzikalni alias ,,branova“ schémata

VeliCiny fyzikalnich prvku:

Niﬁ

LJ_
1 Y77, ":-}"1 LL7 V\\ parﬂ part3 part4
— 7 3 part2 G
0 o
2
FEETEFesy
Cdst Redilné cdsti Fyzikdlni pwﬁw
1 spalovaci motor zdroj momentu sily
2 setrvacnik rotacni inertor
3 dlouhy hiidel torzni pruzina
4 ventilator rotacni tlumic




Fyzikalni alias ,,branova“ schémata

VeliCiny fyzikalnich prvku:

part3 N M N
Mg A ANA
part + 1 part2 +] part4 part y paLrt3 Dagd
J m— G J part2
C
—1 i

art3
partl /+ D* part4 parﬂ P part4




.V.

Fyzikalni vyznam branovych veli€in

Veliciny
Soustava pratok i spad v Jidt Jvdt
Elektricka elektricky proud | elektrické napdti | elektricky naboj magneticky tok
A \Y% C Wb
Mechanicka | sila rychlost hybnost draha
translatni N m/s Ns m
Mechanicka | moment sily uhlova rychlost | rotaéni impuls uhel
rotani Nm rad/s Nms rad
Hydraulicka | objemovy tok prostorovy tlak objem
Pneumaticka
Akusticka m/s Pa m
Tepelna tepelny tok teplotni rozdil tepelné mnozstvi
W K J
Magnetickd | magneticky tok | magneticke
Wb napeti

Az




Fyzikalni vyznam parametru
branovych prvku

KONDUKTOR KAPACITOR INDUKTOR
. REZISTOR . . . . .
ENERGETICKA CI TLUMIC CI INERTOR CI PRUZINA
DOMENA y ; ; v
P=5 P=35 P=vjat | £~ dijar
elektricky elektricka elektricka elektricka
elektricka odpor vodivost kapacita indukénost
Q] S| Il A
magneticka ,
L reluktance = permeance
magneticka vodivost %
N : |[H]
Q]
inova tekutinovy tekutinova tekutinova .
tekutinova ¥ : : mertance
nebo odpor vodivost kapacita 23
_ ;3 3 3 [Pr.f..s* / m‘}
akusticka [Pnr,sf.f m W [m / (Pﬂ.sﬂ [m f.fPr.ﬂ
mechanicka tlumeni hmotnost poddajnost
translac¢ni [N .s/m] k<] [m/N]
o torzni 1 . moment torzni
mechanicka ?}?Hl 1}11131]11 setrvacnosti poddajnost
‘otaéni N.m.s/ra 2 S
rotaéni , [m*kg /rad) [rad /(N .m)]




Fyzikalni vyznam parametru
branovych prvku

Parametry prvku

odpor proti [ odpor proti|odpor proti  zméng | odpor proti
Soustava prutoku spadu spadu zméng prutoku

Vv i i %

i v dv/ dt di/ dt
Elektricka odpor vodivost kapacita induk¢nost

O S F H
Mechanicka odpor hmotnost poddajnost
translacni kg/s kg stkg
Mechanicka odpor moment setrvacnosti poddajnost
rotacni Nms/rad m2kg/rad rad/Nm
Hydraulicka | odpor kapacita poddajnost
Pneumaticka
Akusticka Pa .s/m3 m3/Pa Pa .s?/m?3
Tepelna odpor kapacita

Ks/J /K
Magneticka | odpor

A/V.s




Fyzikalni alias ,,branova“ schémata

VeliCiny fyzikalnich prvku:

Typ J E
zdroj zdroj
Univerzalni prutokové spadoveé
veli¢iny veli¢iny
Konstitu¢ni
i=p V=27
vztah
indikétor | indikator
Univerzalni spadové prutokové |7
veli¢iny | veliciny
Konstituéni _
i=0 v=20
vztah
N 1dealni
. L idealni o
Univerzalni o operacni
spinad r _ ;
zesilovac
Konstitu¢ni || je-li p pravdivé, potom || p je vyraz, ktery OA
vztah v =20, neni=li, paki=0 || vynuluje




Souvislost elektrickych a mechanickych veliCin

Diferdgcialni rovnice RLC sériové smycky:

t

L) | g N [ie)ar =ulr)

dt N
Diferencialni rovnidegnechanickeé translagfii soustavy:
o) t
w350 sl o ) o)+ K [l = ()
dt2 dl‘ dt 0
L [H] ~ m [kg] (hmotnost) | [AN V [M/s]
R [Q] ~ Ky, [N-s/m][kg/ ulVv]~F

(tlumeni rychlosti)

C [F] ~ 1/K [m/N1400ddajnost)
(K [N/m] (tuhggt) )



Souvislost elektrickych a mechanickych velicin 2

F(t)=K-s(t)=K- jv — 1dF(t):v(t)

Diferencialni rovnice RLC sériové smycky: K dt
_= . 1 —_
dl( , 1 ! F(t)_ Ktlum V(t) — Ktlum —V(t)
di o) =t o) 1!
’ F(t)zm-a(t)zmdt - m_([F(t)=Vt

Diferencialni rovnice mechanické translacni soustavy:

1dF(r) 1 1 . 1 d*F(¢ 1 dr() 1 av(t
P K. F(t)+ - '([ F(t)dt =v(t) = dtz( ) N o dt( ) ‘. Fle)= dg )_ "0
L [H] ~ /K [m/N] (poddajnost) | [A] ~ F [N]
R [Q] ~ 1/K,, [(M /s) / N][s/kg] u[V]~v[m/s]

(1 / tlumenti rychlosti)
C [F] ~ m [kg] (hmotnost)



Proménné¢ branovych schémat

Format VWyznam Proménna
V.uzel spad uzlu primarni
l.prvek Z prutok prvku Z
VD.vzel derivace spadu uzlu |primarni derivovana
ID.prvek Z derivace pratoku
prvku Z
prvek parametr prvku
V.prvek spad prvku sekundarni
l. prvek Y prutok prvku Y
VD.prvek Y |derivace spadu sekundarni derivovana




Se¢riove kombinace prvku

Zadavani sériovych kombinaci nékolika branovych prvki
tridy Z tak, Ze predstavuji jedinou branu. :

prvek -PRVEK [= hodnota]

Misto:
RI1 1-2=10;
L1 2-3=0.05;

Sériova kombinace:
RI1 1-2=10:;
L1 -R1=0.05;



Fyzikalni alias ,,branova‘® schémata

Nepftipustné konfigurace prvki:
* <
SYSYeM| (*)"™ SYS 0 EM




Blokova schémata

Zé4kladni vlastnosti typu bloki:

/ZAKLADNI BLOKY

BLOKY V PODOBE SUBMODELU

Charakter vztahu bloku je pro kazdy typ
bloku nadefinovan piimo v DYNASTu.

Vztah bloku je nadefinovan v samostat-
ném souboru.

Znacka bloku ma jen jeden vystupni vy-
vod.

Znacka bloku muize mit nekolik vystup-
nich vyvodu.

Znacka bloku (kromé pienosového) nema
zadny vstupni vyvod.

Znacka bloku muze mit nékolik vstupnich
vyvodu.

Pi1 kazdém pouziti bloku musi byt zadan
jeho uplny vztah.

Zadavaji se pouze zménéné parametry
vztahu bloku, nikoliv jeho vztah.

>

a*x1-b*x2

(@)

I

::[ y V= ({?Il — b,‘fg)(ff + Vo
; )

3_2,b=3




Blokova schémata

Zékladni bloky:  blok [> typ] uzel [= hodnota]

Typ | Vyznam Charakteristicky vztah
BS | dynamicky Y =/z1,25...)
blok

BI integracni blok y = I f(z1,za,...)dt + vy

BD | derivacni blok d
y - Ef(ZbZZV' )

BO |operaCni blok |y =f(zl,z2,...),y =0
BT | prfenosovy blok M (p)
Z(p)

Y(p)=K
N(p)




Blokova schémata

Zékladni bloky:  blok [> typ] uzel [= hodnota]

Typ BrLok /I NACKA VZTAH BLOKU

BS || explicitni blok v=fluy,u,.. . u,10,.... /)

BO || implicitni blok Svyouy g, .. iy, ... 1)=0

BI integrator y= L;(klgfl +haun 4. ) dt+ g

BD || derivacni blok y= %(hm + ko + .. )

pi‘ellaﬁfw Y(s)=F(s)-Uls), F(s)=KME)

. N

Y VY




Blokova schémata

Zékladni bloky:  blok [> typ] uzel [= hodnota]

i—e(l—¥)4+x=0
DDx Dx

Dx y
e*(1-Dx**2)*Dx-x ~ DDx

Dx-VD.x VD.Dx+x-e*(1-Dx**2)*Dx

BO1 BO2 Dx DDx
Dx X g
e*(1-Dx**2)*Dx-DDx
Dx-VD.x VD.Dx + x - eps*(1 - Dx**2)*Dx
*SYSTEM;
SYSVAR x, Dx;
eps = 0.01;

BOl Dx = Dx-VD.x;
BO2 x = VD.Dx + x - eps* (1 - Dx**2)*Dx;



Blokova schémata

Pfenosovy blok:
M(s)

Fls)=&3rg

M(s)=s"4ap_15" 1 +...+ay a N(s)=5"+b,_1s" 1 +...+bg

5*P/Q
P /poly/ 1,0,1; Q /root/ 1, [-1,1];

W

: ) 0
L/

L, v

1/P



Struktura blokovych schemat

U blokui BI a BD mohou byt funkce pouze ve tvaru:

f(z,,2,,..) =kz, +K,z,+...

Kazdému uzlu schématu miize byt pripojen libovolny pocet
vstupt blokt, ale nejvyse jeden jediny vystup nékterého

bloku.

Vyjimku predstavuji tzv. virtualni sumatory



Virtualni sumatory

Definice bez V.S. vedouci na tf1 primarni rovnice:

BS11=4a;BS22=D0; BS34=c*V.1+V.2),

Definice s V.S. vedouci na pouze dv& primarni rovnice:

BS13=a; BS23=Db; BS34 =c*V.3;



Proménnée blokovych schémat

Za primarni veliCiny jsou povazovany vsechny uzlové
proménné schématu, které se ve vstupnim jazyku programu
oznacuji s formatem:

V.uzel

Derivace uzlovych proménnych schématu podle vnitini
nezavisle proménné TIME se ve vstupnim jazyku programu
oznacuji s formatem:

VD.uzel



Reseni RLC kombinace bloky Bl a BD

sysvar PROUD,PROUDD,PROUDI; : t
L) i) L o =)

dt cy
R1=10;
L1 =0.05; t

ut)~ L iy — L)

Cl=1u; N C g dt
BS2 E1 = 10*SIN(100pi*TIME); it)= R

BD1 PROUDD=PROUD;
Bl2 PROUDI=PROUD;
BS1 PROUD=-L1/R1*PROUDD-1/C1/R1*PROUDI+E1/R1],

NAP_KAP=1/C1*PROUDI;



Reseni RLC kombinace bloky Bl a BD

*TR;

TR 00.1;

PRINT E1, NAP_KAP, PROUD, PROUDD, PROUDI;
RUN; . Zkousky RLC obvodl
*END;

/N /TN

[ I T T ‘ : : :

0 5 10 15 2 i " I
time [s]

W E B NAP_KAP



Reseni RLC kombinace bloky Bl a BD

*TR;

TR 00.1;

PRINT E1, NAP_KAP, PROUD, PROUDD, PROUDI,
RUN: T e i
*END:

T

E—

va VAVAVAYSvAvA:

sl
.

!
AN -



Reseni RLC kombinace jen bloky BD

sysvar PROUD,PROUDD,PROUD?2D; . a’zi(t) o di(t) ) i i(t): du(t)
dt? d C dt
R1 = 10;
2. .
L1 =0.05; i(t)z C{du(t) _L d lgt) . Rdl(t)j
C1=1u: dt dt dt

E1 = 10*SIN(100pi*TIME);
BS2 E1D = 10*SIN(100pi*TIME)%TIME:

BD1 PROUDD=PROUD;
BD2 PROUD2D=PROUDD;

BS1 PROUD=-L1*C1*PROUD2D-R1*C1*PROUDD+E1D*C1;

Bl11 NAP_KAP=1/C1*PROUD;



Reseni RLC kombinace jen bloky BD
v podob¢ submodelu

L di) | die) 1 )= dult) ) C[du(t)_ L4 dz’(t)]

2
dt? d C dt dt dt dt
BS3
[\
|/
-L1*CA1
SuU2 DerivaceProudu  DruhaDerivaceProudu
d%\ BS1 SU1 T\ T Proud ProudC Proud2C
|/ L T +
10*sin(100pi*time)%time _>_:>_r—/
gs2 |—+
[\
|/

-R1*C1




Reseni RLC kombinace jen bloky BD

R1= 10 v podobé€ submodelu
L1 =0.05;
B
Cl = 1u; ‘ o DerivaceProudu  DruhaDerivaceProudu
E1=10*sin(100pi*time): [ = gt o LR

10*sin(100pi*time)%time
BS2

)
dudt>BS 1= 1O*sin(lOOpi"‘time)%tir_l?ec;1
DerivaceProudu > @Differentiator Proud,ProudC;
DruhaDerivaceProudu > @Differentiator ProudC,Proud2C;
SU1 > @Summator 2,3,4;

BS1> @BS11,2/C1,;

BS2 > @BS1 ProudC,3/-R1*C1;

SU2 > @Summator 5,4,Proud;

BS3 > @BS1 Proud2C,5/ -L1*C1;




Makromodely

Definice:
model {uzel[-uzel]}...[/parametr=hodnota]...

vnitrni popis makromodelu

EO@;

Volani:

[modul>]@model{uzel[-uzel]}...[/parametr=hodnota]...



Makromodely — Priklad
Dvojity derivacni éle’mekC

2

T IN ‘ ; INNER ; OuT
CRCR IN, REF, OUT / a=1k,b=10u: + +
+ | R1 + | R2
R1 INNER-REF = a: R2 OUT-REF = b/2: b a b/2 b/2
C1 IN-INNER = b: C2 INNER - OUT = b/2:
EO@: l I
REF
CIR1
*SYSTEM: E 1: RLOAD 3 = 100: T_ 3
. 1— -T—‘
CIR1>@CRCR1,2,3; [']
E1 | ﬂ +] RLOAD
CIR2 > @CRCR 2,0:2/ 10k, .1u; 100
2
l —
CIR2

e a=10k,b=0.1u



Makromodely — Piiklad

Dvojity derivacni Clanek

:: Dvojity derivacni clanek
:::SYMBOL{EXAMPLE}{CRCR}
::ASSUM

::: Priklad makromodelu s dokumentaci
::DIAGRAM[[{}

FIG

IINTER

EXTP

::DATA

::ORIG

::: Karel Noha¢ KEE, FEL, ZCU v Plzni
CRCR ::

REF,

OUT,

IN/

a =1k, :: Parametr "A"

b =10u; :: Parametr "B"

1IORIG

::: Karel Noha¢, KEE, FEL, ZCU v Plzni

Page: |

Submodel: CRCR

Dvojity derivacni clanek

Ny

Assumptions

Priklad makromodelu s dokumentaci

ouT

REF




Makromodely — Piiklad

Dvojity derivacni Clanek
:: Dvojity derivacni clanek Interface
::SYMBOL{EXAMPLE}CRCR} -
:::ASSUM OUT
2 Priklad makromodelu s dokumentaci IN
+:DIAGRAMIK} External Parameters
FIG
a=lk Parametr "A"
=INTER b=10u Parametr "B"
EXTP
-:DATA Data
-ORIG :: Dvojity derivacni clanek
5 CRCR
::: Karel Noha¢ KEE, FEL, ZCU v Plzni REF,
ouT,
CRCR :: ™/
REF, a =1k, :: Parametr "A"
b = 10u; :: Parametr "B"
OUT, R1 INNER-REF = a;
R2 QUT-REF = b/2;
IN/ Cl1 IN-INNER = b;
a=1k, :: Parametr "A" C2 INNER-OUT = b/2;
EQR;
b =10u; :: Parametr "'B"
:::ORIG Origin
::: Karel Noha¢, KEE, FEL, ZCU v Plzni Karel Nohat KEE, FEL, ZCU v Plzni




Makromodely — Ptiklad — DDC

:: Dvojity derivacni clanek
:::SYMBOL{EXAMPLE}{CRCR}
::ASSUM

::: Priklad makromodelu s dokumentaci
:::DIAGRAM[]{}

FIG

IINTER

EXTP

::DATA

::ORIG

::: Karel Noha¢ KEE, FEL, ZCU v Plzni
CRCR ::

REF,

OUT,

IN/

a =1k, :: Parametr "A"

b =10u; :: Parametr "B"

1IORIG

::: Karel Noha¢, KEE, FEL, ZCU v Plzni

) Dvojity derivacni clanek - Mozilla Firefox

Soubor  Upravy Zobrazeni Historie Zalotky Nastroje Napovéda
- C (e | [] file:f)/C:/DOCUME ~1/KARELN~1/LOCALS ~1/Temp/dyn jdc/html /4AE7DEDE 77 ~
|J- Dvojity derivacni clanek

Submodel: CRCR

Dvojity derivacni clanek

[N

N ouT

REF

Assumptions
Priklad makromodelu s dokumentaci

Interface
REF
oUT

Ix

External Parameters
a =1k Parametr "A"

b =10u Parametr "B"

Data

:: Dvojity derivacni clanek
CRCR ::

REF,

ouT,

IN/

a =1k, :: Parametr "A"
b = 10u; :: Parametr "B"
R1 INMER-REF = a;

R2 OUT-REF = b/2;

C1 IN-INNER = b;

C2 INNER-OUT =b/2;
EO@;

Origin
Karel Nohaé KEE, FEL, ZCU v Plzni

Last Update
October 26, 2011
Hotovo




Makromodely — Ptiklad — DDC

*: Priklad pouziti makra CRCR

Page: 1 Example: CRCREXAMPLE
::PURP
::: Test makromodelu CRCR Priklad pouziti makra CRCR
:::DESC
.22 Napajeni 500 Hz zdrojem. Purpose

*SYSTEM;
:PARA
---MODEL Description

:.:DIAGRAM[{} Napajeni 500 Hz zdrojem.

Test makromodelu CRCR

DATA Solution

:::PLOT[w=150, h=80, deps=1+2, indep=0, co System Parameters

:-:PLOT[w=150, h=80, deps=3-4, indep=0, cor Model

:IORIG

CIR1> @CRCR 2,3,1; o CIR1
CIR2> @CRCR 0,2,2 / a=10k,b=0.1u; -

E1 1 = SIN(1000pi*TIME): SR
RLOAD 3 = 100;

*TR;

TR 00.01;

PRINT V.1, V.3, I.E1, .LRLOAD;
RUN;

*END*

+ | RLOAD
100

a=10k,b=0.1u



Makromodely — Ptiklad — DDC

*: Priklad pouziti makra CRCR
::PURP Data

++: Test makromodelu CRCR *: Priklad pouziti makra CRCR

:::DESC *OYSTEM:
CIRl = @CRCRE 2,3,1;

.2 Napajeni 500 Hz zdrojem. _
CIRZ > @CRCR 0,2,2 / a=10k, b=0.1u;

*SYSTEM; El 1 = SIN(1000pi*TIME);
:PARA ELOARD 3 = 100;
:::MODEL *TR;
TR 0 0.01;
:DIAGRAM PRINT V.1, V.3, I.ELl, I.RLOAD;
RUN ;
+END ;

:::PLOT[w=150, h=80, deps=1+2, indep=0, common=no, multiple=no, title=no ]
:::PLOT[w=150, h=80, deps=3-4, indep=0, common=no, multiple=yes, title=no ]
:IORIG

CIR1> @CRCR 2,3,1;

CIR2 > @CRCR 0,2,2 / a=10k,b=0.1u;

E1 1= SIN(1000pi*TIME);

RLOAD 3 = 100;

*TR;

TR 00.01;

PRINT V.1, V.3, L.LE1, .RLOAD;

RUN;

*END:



Makromodely — Ptiklad — DDC

*: Priklad pouziti makra CRCR 10°

1.57 0.067
::PURP

AN i

||| I|r |III Illl '|\ I|' I'| |'I \‘ |
. |
- Napajeni 500 Hz zdrojem, N | N / \1 / If
7" \ r '
*SYSTEM; VN 1 f \ f «\ Hﬂ :
-0.5-0.02 T f * , I‘, f T : /
:PARA g \/ \ / t\ ,/ \ X/ \f\/
e H ) ]
---MODEL -1.07-0.047 '\ T T f 7 ‘\x\ /,.f /
DIAG RAM[]{} L5~ -0.067 I T T T T T T T T T 1
::DATA noY ' 1 ’ : ‘ e 5] i ' : ’ ‘

:IORIG

CIR1> @CRCR 2,3,1;

CIR2 > @CRCR 0,2,2 / a=10k,b=0.1u;
E1 1= SIN(1000pi*TIME);

RLOAD 3 = 100;

*TR;

TR 00.01;

PRINT V.1, V.3, L.LE1, .RLOAD;
RUN;

*END:



Makromodely — Ptiklad — DDC

*: Priklad pouziti makra CRCR 1;];_ [ Ba:l|

:.:PURP

i TL:st makromodelu CRCR 1: // \\ // \\ // \\ // \\ /
N

:::DESC A/ \ |/ \ |/ \ |/ \ |/

.2 Napajeni 500 Hz zdrojem. 107 / \ / \ / \/ \ /

*SYSTEM; 10° m 13z04D

::PARA o N Wi A A A

:::MODEL 07 Y /'“ ‘-\ / / '\ 7 ‘-.\

-:DIAGRAM[]{} z‘i \ f,.-’ \ [/ \ |/ [/ \

:::DATA o \-\ — —— - A /-’; :
S

CIR1 > @CRCR 2,3,1;

CIR2 > @CRCR 0,2,2 / a=10k,b=0.1u;
E1 1 = SIN(1000pi*TIME);

RLOAD 3 = 100;

*TR;

TR00.01;

PRINT V.1, V.3, .E1, .RLOAD;
RUN;

*END-



Makromodely — Ptiklad — DDC

*: Priklad pouziti makra CRCR
::PURP

;11 Test makromodelu CRCR
:::DESC

.22 Napajeni 500 Hz zdrojem.
*SYSTEM,;

1IPARA

:::MODEL

::DIAGRAM[[{}

::DATA

:::PLOT[w=150, h=80, deps=1+2, indep=0, common3
:::PLOT[w=150, h=80, deps=3-4, indep=0, common=
:IORIG

CIR1> @CRCR 2,3,1;

CIR2 > @CRCR 0,2,2 / a=10k,b=0.1u;

E1 1= SIN(1000pi*TIME);

RLOAD 3 = 100;

*TR;

TR 00.01;

PRINT V.1, V.3, I.E1, .RLOAD;
RUN;

*END:

¥} priklad pouziti makra CRCR - Mozilla Firefox
Soubor  Upravy Zobrazeni Historie Zalozky MNastroje  Npovéda

- C

|_-] Priklad pouziti makra CRCR

(ar | file:fi/C: [DOCUME~1/KARELN ~1/LOCALS ~1/Temp/dyn/idc/ntml6E302444 77 = | |#

Example: CRCREXAMPLE

Priklad pouziti makra CRCR

Purpose
Test makromodelu CRCR

Description
MNapajeni 500 Hz zdrojem.

Solution
System Parameters
Model
CIR1
N
E1 . RLOAD
SINE1000pI*TIME) 100
CIR2
P a=10k,b=0.1u
Data

*: Priklad pouziti makra CRCR
*SYSTEM;

CIR1 = @CRCR 2,3,1;

CIRZ > @CRCR 0,2,2 / a=10k,b=0.1u;
E1 1 = SIN{1000pi*TIME);
RLOAD 3 = 100;

*TR;

TR 0 0.01:

PRINT V.1, V.3, I.E1, I.RLOAD:
RUN:

*END;

Hotovo




Makromodel

*: Priklad pouziti makra CRCR
::PURP

;11 Test makromodelu CRCR
:::DESC

.22 Napajeni 500 Hz zdrojem.
*SYSTEM,;

1IPARA

:::MODEL

::DIAGRAM[[{}

::DATA

:.:PLOT[w=150, h=80, deps=1+2, indep=0, common=no, m
:.:PLOT[w=150, h=80, deps=3-4, indep=0, common=no, mu
:IORIG

CIR1> @CRCR 2,3,1;

CIR2 > @CRCR 0,2,2 / a=10k,b=0.1u;

E1 1= SIN(1000pi*TIME);

RLOAD 3 = 100;

*TR;

TR 00.01;

PRINT V.1, V.3, L.LE1, .RLOAD;

RUN;

*END:

Piiklad — DDC

) Priklad pouziti makra CRCR - Mozilla Firefox
Soubor Upravy Zobrazeni Historie Zalofky Nastroje  Napovéda

- C

IJ- Priklad pouziti makra CRCR

{nt |_] file://fC: /DOCUME ~ 1/KARELM~ 1L OCALS ~1/Temp/dyn idc/html/6E302444 7.7

1078
0067

1.57

004

0.5 0.0

007 0.00




Makromodely — Piiklad modelu

trafol IN, REF, OUT1, OUT2, OUT3, OUT4;

LSA1 IN-REF=0.0064:
Laoi Rp Lo Ry
LHAL -LSA1=340:
RIAL -LSA1=0.7: G —O
; IN OUT1
L L
LSA2 OUT1-OUT2=0.54 Aht A2
LHA2 -LSA2=340: OUT?2
RIA2 -LSA2=1: ©
- LAG3 RA3
MA2 LHA1-LHA2=340:
—©
LSA3 OUT3-OUT4=0.54; OUT3
LHA3 -LSA3=340; LAh3
RIA3 -LSA3=1" oUT4
©

MA3 LHA1-LHA3=340;
MA23 LHA2-LHA3=340;
EO@;



trafo2 T4, T7,T10, T11, T14,T17,T20, T23, T26, T1;

traA> @trafol T4, T1,T11,T14,T20,T23;

traB > @trafol T7, T1,T14,T17,T23,T26; o[} TTL_
7

traC > @trafol T10,T1,T17,T11,T26,T20;

EOC@;

10

-

\
\”5 :




Makromodely — Priklad uziti modelu

*system;

A=420000*1.41/1.73;f=50;

EZDRO1 11=A*sin(2*1Pi*f*TIME);
EZDRO2 14=A*sin(2*1Pi*f*TIME+2Pi/3);
EZDRO3 17=A*sin(2*1Pi*f*TIME-2Pi/3);

RZ1 4=100ME; RZ2 7=100ME; RZ5 10=100ME;
RZ3 20=100ME; RZ4 23=100ME; RZ6 26=100ME;
RG 1=2;

transf > @trafo2 4, 7, 10, 11, 14, 17, 20, 23, 26, 1;

*tr;

tr 0 0.05;

print (300) V.1,v.4,V.7,V.10,V.11,V.14, V.17 V.20,V.23,V.26,|. EZDRO1,
run;

*end;



Analyza ustalen¢ho
harngonického L(Z)bvodu

71 2
; ]

') =

+
Tm
R1

Uec
e Em=sqrt(2),f=50

*SYSTEM;
L11-2=1m;
L22=1m;
R12=0.3;

+ ———¢

0.3

*TR;
TR 00.1;

PRINT(1001) V.1,
V.2, 1.L1, 1.L2, |.RL;

RUN;



Analyza ustalen¢ho
harmomckeho obvodu

Murmerical Frequency Analysis

Frequency | Desired Variables |

to: [100

(" Logarghmic or * Linear scale

501 poirts

(" Individual frequency points in Hz ([comma-separated)

Enuidistant results at:

1

[Hz]

2

% ownasT snei - usv3 I

Eile Edit View System | Analysis Errors  Bun  Publishing  Pre

o |

Frusit

| MNapovéda |

T\ 77 7 1

DIODINI T 770 T N \/

List of Analyses

Select analysis by doubledick to modify it

Type Description
TR Analysis £1

Cancel

adil

Help

Add new

y

41,

R1;

O =~ % Monlinear... [
Murnerical Frequency... —
Semisymbelic Linear...
List of Analyses...

|

*AC;

FREQ /LIN 10 100;

PRINT MOD.I.L1, DEG.I.L1,
MOD.I.L2, DEG.I.L2, MOD.I.R1,
DEG.I.R1, MOD.2, DEG.2;

RUN;

*END;



12

|
\

10

Analyza ustalen¢ho
harmonického obvodu

\

N

\\\
\ ——
T
—_ |
*____________________—___—_
_——_‘__‘———_

\ | | \ | \ | |
10 20 30 40 50 60 70 80 90 100
freq [Hz]

H M 1 I MOD .IR1 | MOD.V.2



Analyza ustalen¢ho
harmomckeho obvodu

103 Test frekve

0.36+

0.32

0.30

0.26

028+ |———=
\
o]

0.24-] o

\X

\*h—‘\ﬂ-—.

0.22-

T T T T T T T \ T \
10 20 30 40 50 60 70 80 90 100
freq [Hz]

M DEG.I.L1 W DEG.I.L2 DEG.I.R1 DEG.V.2



Analyza ustalen¢ho
harmomckeho obvodu

Murmerical Frequency Analysis

Frequency | Desired Variables |

" Frequency range

1E-1 [1E1 [Hz]
{+ { -
501
* Individual frequency points in Hz (comma-separated}
Points: |50
ik | Napovéda |

I__ OK |

2

% ownasT snei - usv3 I

Eile Edit View System | Analysis Errors  Bun  Publishing  Pre
D=~ &

Monlinear... [

Murnerical Frequency...

Semisymbelic Linear...

Llst of Analysts

“I1"°\"77"

Il DDINT/INNTN\/

List of Analyses

Select analysis by doubledick to modify it

Type Description
TR Analysis £1

A

Cancel

Help

Add new

y

1,

R1;

PRINT MOD.I.L1, DEG.I.L1,
MOD.I.L2, DEG.I.L2, MOD.I.R1,
DEG.I.R1, MOD.2, DEG.2;

RUN;

*END;



# Test frekvencni analyzy

Analyza ustalen¢ho
harmonického obvodu

Test frekvel
12

X . freq [Hz] 10
1. MOD.I.L1
2 . DEG.I.L1
3. MOD.I.L2 °
4 . DEG.I.L2 \\
5 . MOD.I.R1 ]
6 . DEG.I.R1 \\\\
7 . MOD.V.2 \\\
8 . DEG.V.2 N \\\\
2 ‘\: ————
—
1b 2|0 3IO 4b 5|0 freq [H] Gb 7IO Bb Qb 1(IJO
B MoD..L1 [ MOD.I.L2 W MOD.I.R1 W MOD.V.2
X 1 2 3 4
5 6 7 8

5.000000e+001

2.887248e+000 2.886842e+002 1.993994e+000 2.423635e+002

2.088106e+000 3.323635e+002 6.264317e-001 3.323635e+002




Analyza ustalen¢ho
harmomckeho obvodu

Test frekve
036

# Test frekvencni analyzy
X . freq [Hz] 0347
1. MOD.I.L1
2 . DEG.I.L1 0327
3 . MOD.I.L2
4 . DEG.I.L2 0.30-
5 . MOD.I.R1
6 . DEG.I.R1 - T
7 . MOD.V.2
8 . DEG.V.2
\\
0.24- _‘\\
0.22- ‘ : : : : : : : : :
10 20 30 40 50 freq [H] 60 70 80 90 100
M DEG.I.L1 W DEG.l.L2 DEG.I.R1 DEG.V.2
X 1 2 3 4
5 6 7 8

5.000000e+001 2.887248e+000 2.886842e+002 1.993994e+000 2.423635e+002

2.088106e+000 3.323635e+002 6.264317e-001 3.323635e+002



FrekvenCni analyza usmérnovace

|

R1

+

+

J1

AN

=

100
E1
5*sin(100pi*TIME)

\/ T R2

+

USM(V.J1) e %Ou Tk

1L L




FrekvenCni analyza usmérnovace

|
ooy el

Analysis | Desired Varables I Inttial Values I System Parameters I Computation Cortrol I

— Analysis mode

" Transient Time from: IE' ko I'I [=]

™ Static or steady-state
[T sweeping

Farameter I - I gwwept from: I bo:

— Desired results
[T Equidistant resultz  at: |5D1 pointz [~ Hold results

— Fourier analysis

= £DUHEF Period: ID.{IE [l Hamonics: IZ'D Samples: IZE'E
QK I Stomo | Mapovéda |

— )
-

Select analysis by doubledick to modify it

Type | Description
TR Analysis #1

%2 DYNAST Shell -

File Edit Yiew System | Analysis Errars  Run  Publishing  Pre

” O~ & | ¥ Nonlinear... B

Murnerical Frequency...

Semisymbelic Linear...

List of Analyses...

FOUR 0.08, 20, 256;

PRINT V.1, V.3;
RUN;
*END;

J1
R1
+ + ’ |
100 +
E1 _ USM(V.J1) i C1
5*sin(100pi*TIME) 1 00U

R2
1K



FrekvenCni analyza usmérnovace
ely pfechodny déj

Fourierova analyza usmernovace

time [s]
IIIIIIII



FrekvenCni analyza usmérnovace

Analyzovany signdl — perioda 0.08 sec
N9 AN Al
Il //\ LT

Y FEAYARRVEAN
CAN AR A

TINTVN TUN TUN TV




FrekvenCni analyza usmérnovace

Fourierova analyza napéti v bodé¢ ,,1*
rier analysis of V.1:

2.0

4.5

4.0

3.5+

3.0+

2.5

2.0+

1.5+

1.0-

0.5+

Fou

|
8

|
10

Order

!
12

!
14

\
16

!
18

\
20



FrekvenCni analyza usmérnovace

Fourierova analyza napéti v bod¢ ,,3*
Fourier analysis of V.3:

3.5+

3.0 \
2.5

i

il

A
A

L

0 2 4 6 8 10 12 14 16 18
B Order

B Amplitude



