V. Fedak Modelovanie a simulacie v elektrotechnike KEM FEI TU Kosice

Cv. 7a Logaritmické frekvencné charakteristiky

Zadanie

Na zaklade rozkladu prenosovej funkcie na dielcie prenosy
8(0,2s + 2)

(s+2)(s?+0,2s+1)

treba nakreslit’ prenosovu funkciu (rucne) a overit’ riesSenie pomocou MATLABu, [1].
p p )

F(s) =

1 RieSenie

Prenosovu funkciu upravime tak, aby absolatne ¢leny v zatvorkach boli rovné jednotke*
8.2.(0,1s +1)

2.(0,5s+1).(s?+0,2s+1)

F(s) =

Dekompozicia F (s) na jednotlivé prenosy:
1

F,(s) =8 F,(s) =(0,1s+1) F;(s) = (Z+02s+ 1)

Fy(s) =

(0,55 +1)

Vypis programu LFCh_dekompozicia.m

% Overenie priebehu LFCh F(s) pomocou dekompozicie na jednotlivé TFi
% 8(s+1)

% (s+2)(s"2+0,5s+1)
% RieSenie: F(s) upravime tak, aby absolitne ¢leny v zatvorkach = 1
% a urobime dekompoziciu (rozdelenie na dielcie prenosy)

clf, clear, format compact

% zadanie diecich F1(s), F2(s),

F1=tf([8],[1]) % zosilnenie

F2=tf([1/10 1],[1]) % PD sustava

F3=tf([1],[1/2 1]) % P sustava I. radu

Fa=tf([1], [1 ©.2 1]) % P sustava II.radu

F=tf([8 8],conv([.1 1],[1 @©.2 1]))

bode(F1,'c', F2,'b', F3,'r', F4,'g', F,'m--',{5e-2,5e1}), grid on
set(findall(gcf, 'type’, 'line’), "linewidth',1.5) % zmena hrubky ¢iary (2 b)
legend ('F1','F2','F3','F4',"'F")

Upozornenie — vSimnite si instrukciu pre zmenu hrabky ¢iary (napr. hrabka 1,5)
set(findall(gcf, 'type’, 'line'), 'linewidth',1.5)
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Graf priebehov LFCh
Graf ziskany priamo z MATLABu:

Bode Diagram
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Graf je potrebné upravit’ pomocou kombinacie Properties a Inpector Editor.

Menu Properties vyvolame po kliknuti pravou mysou na graf. Jednotlivé karty: Systems >

e Labels uprava nazvu grafu, xlabel (\rightatrow \omega) a E:::deﬁmcs i

ylabel (zaddva sa pre dva grafy)  \rightarrow A ™ i
\rightarrow \phi V| Full View

e Limits mozno zmenit’ rozsahy x-ovych a y-ovych osi Properties .. |

e Units vyber z prednastavenych jednotiek a mierky stupnice grafu amplitidovej a fazovej
charakteristiky (linearna/logaritmicka)

e Style velkosti popisu na osiach

e Options

Odporucané nastavenia:

Nastavenie Labels

Nastavenie Style

Labels | Lmits  Units  Style | Options SERSRRNINCISIIRCTIGR Svle  [BORISS

Labels Grids
Title: | Bode Diagram | []show grids by default

Fonts

X-Label: |\nghtarrow \omega | Titles tapt_ | v] HBold [talic

Y-Label: |vrightarrow A Axis labels |12 pt n [JBold [italic

‘rightarrow \phi
Tick labels [12pt [ v ) [JBold [Jitalic
o names [12p1 [ v) [JBols [talic

Colors

Axes foreground  [[0.4 0.4 0.4]

| (select..]

Close
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Nastavenie Units — vol'ba stupnice osi — napr. pre amplituidovt charakteristiku:

0S A — lineérna, os ® — logaritmicka 0s A — linearna, os  — linearna
Labels Limits Units Style Options Labels Limniits Units Style Options
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Dalsie upravy je mozno vykonat

pomocou Property Inspector (View/Property Inspector),

alebo, vyhodnejSie, vychddzat z menu Edit/Axes Properties, prip. Edit/Figure Properties

a zvolit’ vhodé nastavenie
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Tu je mozné nastavit’ vietky vlastnosti grafu.
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Najdolezitejsie su tu nastavenia RULERS a GRIDS:
Undo Ctrl+Z |p RULERS ~ GRIDS
Redo Ctrl+Y ~ GRIDS XGrid
Cut Cirl+X XErid Yérid
Copy Ctrl+C verid 76rid O
Past Ctrl+V
aste ZGrid D Layer ‘hn‘ftnm | v]
Clear Clipboard
Layer [bottom [~] GridLineStyle - [~]
Delete
GridLineStyle E B GridColor [o1s015015 | -]
Select All Ctrl+A
GridColor EI GridColorhiode ‘manual | v]
Copy Figure
GridColorMode [manual [+] | eridApha E
Copy Options...
= = GridAlpha [1 GridAlphaliode | manual [~)
Figure Properties...
i GridAlphalode |manual | v] XMinorGrid
Axes Properties...
. . i i | i i o
Current Object Properties... AMinorGrid TG
Gallsmiep YMinorGrid ZMinorGrid O
Find Files ZMinorGrid O MinorGridLineStyle ‘: ] v]
Clear Figure MinorGridLineStyle E [~] MinorGridColor (00010010 |l -]
Clear Command Window IMinorGridColor El MinorGridColoriviode ‘auto | v]

Clear Command History

Clear Workspace

Vysledny vzhl'ad grafu po upravach:
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LFCh_dekompozicia_uprava.fig

Uvedeny postup aplikovat’ pre vypocet prenosovych funkcii (z prednasky):

Fi(s) =

Ks (1+Tys)

Fy(s) =

Ks (1+Tys)

T (1+Tys) (1+ 2dsT, + T4s2)

T (1 +Tys) (1+ 2dsTs + Tys2)

F3(s) =

10s

~ (s + 10) (s + 100)2

Zvol'te si vhodné parametre.
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3 Vypocet frekvencnych charakteristik pomocou komplexnej
premennej s=j®

Program Bode_zobraz_lin_log.m

% Frekvenéné charakteristiky - zadanim TF pre s=j.w V. Fedak, 31.32022
% kreslenie v réznych mierkach (log, 1lin)

clc, clear, format compact % clf(1),clf(2),clf(3)

% Zadanie rozsahu w a TF
w=[0.01: 0.1: 10"3]; % w ako lin. vektor (pre logaritmicky: logspace)
F=72*%(2+j*w) ./ (F*w. *(5+j*w) . *(20+j*w) . *(10+F*w) . ¥ (14+.2*j*w+(j*w) . ~2));

figure(1l) % Kreslenie pouzitim instrukcie Bode (najprv treba vypoc¢itat TF)
num=[72, 72*2];

denl=conv([1 ©],[1 5]), den2=conv([1 20],[1 10]), den3=[1 .2 14]
denl2=conv(denl,den2), denl23=conv(denl2,den3) % nasobia sa iba 2 polyndmy
G=tf(num,den123)

bode(G), grid on % vystup upraveny na farbu r

% Pozn.: dalsia moznost je vypocitat [mag,phase,wout] = bode(sys)

figure(2) % kreslenie v log.sturadniciach (Bode) - char. ziskané vypoctom
% vystup upraveny na farbu g
% Pozn. pre zavislost od frekv.f na vodorovni os miesto w vynasaj w/(2*pi)
subplot(2,1,1), semilogx(w,20*1logl@(abs(F))), grid on
xlabel('\rightarrow \omega [rad/s] - log.stupnica')
ylabel('\rightarrow A(\omega) [dB]')
title('Bode: amplitiuda |F(j\omega)|_{dB} = f(log(\omega))')
subplot(2,1,2), semilogx(w,unwrap(angle(F))*180/pi), grid on
xlabel( '\rightarrow \omega [rad/s]')
ylabel('\rightarrow \phi(\omega) [\circ]"')
title('Bode: faza \phi(\omega) = f(log(\omega))')

figure(3) % w ma linearnu stupnicu.
% vystup upraveny na farbu b
subplot(2,1,1); plot (w,20*logle(abs(F))), grid on
xlabel('\rightarrow \omega [rad/s]')
ylabel('\rightarrow A(\omega) [dB]')
title('Amplitiudova char: amplituda |F(j\omega)|_{dB} = f(\omega)')
subplot(2,1,2); plot(w,unwrap(angle(F))*180/pi), grid on
xlabel('\rightarrow \omega [rad/s]')
ylabel('\rightarrow \phi(\omega) [\circ]"')
title('Fazova char.: \phi(\omega) = f(\omega)"')

figure(4) % obe stupnice amplitidovej charakteristiky su linearne
% vystup upraveny na farbu k
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subplot(2,1,1); plot (w,abs(F)), grid on
xlabel('\rightarrow \omega [rad/s]')
ylabel('\rightarrow A(\omega) [-]")
title('Amplitiudovd char: amplitdda |A(\omega)| = f(\omega)')
axis([@o, 6, @, .12]) % vyrez casti grafu - pre AFCh
subplot(2,1,2); plot(w,unwrap(angle(F))*180/pi), grid on
xlabel('\rightarrow \omega [rad/s]')
ylabel('\rightarrow \phi(\omega) [\circ]"')
title('Fazova char.: \phi(\omega) = f(\omega)')
axis([@, 6, -300, @]) % vyrez casti grafu> [xmin xmax, ymin, ymax]

Grafické vysledky (prevedené na .fig a upravené).
Velkost” popisov na osiach 12 b., mierka zobrazenia grafu 75 %

figure (1) — grafy ziskané pomocou instrukcie bode
Bode Diagram

0

-100

-200

Magnitude (dB)

-300

-90

-180

-270

Phase (deg)

-360

-450
107" 10° 10"
Frequency (rad/s)

10°

figure (2) — riesenie pomocou komplexnej premennej (s=j®) — zobrazenie v log. mierke
Bode: amplitiada |F(ju;)|dB = f(log(w))
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figure (3) — riesenie pomocou komplexnej premennej (s=j®). Os ® je v lin. mierke
Amplitudova char: amplituda |F(jm)|dB = f(w)
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Fazova char.: ¢(w) = f(w)
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figure (4) — rieSenie pomocou komplexnej premennej (s=j®). Osi ® a A v lin. mierke. Vyrez o.
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Amplitidova char: amplituda |A(w)| = f(w)

— w [rad/s]

Fazova char.: ¢(w) = f(w)

— w [rad/s]
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