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Partie 03_TP de simulation sur PC

TP 2: Détermination de la fonction de transfert d'un systeme et tracé
des réponses temporelles et fréquentielles

I. Objectif de TP

Ce TP vise a rendre I'étudiant capable de déterminer la fonction de transfert FT(S) des différents circuits
électriques, ainsi de lui rendre capable de tracer en utilisant le logiciel MatLab, tous réponse temporelles
(Indicielle et impulsionelle) et les réponses fréquentielles ( Diagrammes de Bode, Nyquist et Nicoles...).

1. Définition

La fonction de transfert est un modéle de comportement entrée/sortie qui s’obtient a partir de 1’équation
différentielle linaire a coefficients constants. Plutdt que de chercher a obtenir y(t) en fonction de u(t), on
cherche a obtenir Y(p) = L[y(t)] en fonction de U(p) = L[u(t)]. Comme il s’agit de déterminer un
modele qui soit indépendant des conditions initiales, ces dernieres sont considérées nulles et 1’on applique
tout simplement la transformée de Laplace a 1’équation différentielle (3.1), ce qui conduit a I’expression
suivante:

Y®) _ N@®) _ bmp™+ b1 p™ '+ .. +b1 p+bo
Up) D)  anp™tan-1p"'+..+ta1ptap

FT(p) =

Exemple: Dans cet exemple en considere que I'entrée U(t) = U, (t) et la sortie Y(p) = U, (p) .

i(t) ] i( t:)

Ue(t) R Ui(t)

& Comment obtenir la fonction de transfert & partir d'un circuit électrique ?

(n applique la loi de Kirchhoff sur e circuit, on obtient:

U (t)=Ri(t)+L d;—(tt) S (1 ) |

Ug(£) = RI(E) cer e e oo eee e et et e et e et et e e e e (2)
di(t)

= Uo(t) =L — =+ Us(0)

Par |'application de la transformée de Laplace sur les équation (1) et (2), on obtient:
U,(P) = RI(p)+LPIP)

= U,(P) =I(P)[R4ALP] oo n(3)
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Uy(P) = RI(P)

= I(P) =% U0z J S )
(n remplace I'expression (4) dans la relation (3):

U,(P) = % U,(P) [R+ L P]

R+LP
R

= U, (P) Us(P)

U, (P) 1
U,(P) R+LP
R

= FT(P) = =  FT(P)=

R+LP

FT(P) = —L
1+§

La fonction de transfert obtenue est de la forme FT'(P) =

. Donc. ¢' est un systéme du I*" ordre
1+t P

1

SiR=100 Q et L=I0 H la fonction de transfert devient FT (P) = Toip

< comment programmer une fonction de transfert a I'aide du logiciel de script MATLAB ?

1. ouvrir I'invité principale du logiciel MATLAB

e o W R . e

File Edit View Graphics Debug Parallel Desktop Window Help 1
D S | £ EE) [El Ly B |u @ @ | (7] | C:h\Users\SBI\Documents\MATLAB - E] I
Shortcuts (2] How to Add (2] What's New

Current Folder O 2 x || Command Window wOoa x
@ % ||| « MATLAB - 0 - @Newto MATLAB? Watch this Video, see Demos, or read Getting Started. x E - @ H ‘ ||@Selec... -

Nameps Warning: MATLAB Toolbox Path Cache is out of date and is not being used. Mame = Value
Type 'help toolbox path cache' for more info

|| hs_err_pid3832.log

BH matlab_workspace.mat
MATLAB desktop kevboard shortcuts, such as Ctrl+S5, are now customizable.

In addition, many keyboard shortcuts have changed for improved consisten
across the desktop.

To customize kevboard shortcuts, use Preferences. From there, wvou can al
restore previous default settings by selecting "R2009%9a2 Windows Default 5

from the active settings drop-down list. For more information, see Help.

Click here if you do not want to see this message again.

fx o»>
Details Lol < m [ K mn 3
4\ Start| Ready
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2. Définir le numérateur et le dénominateur de la fonction de transfert

MATLAB 7.10.0 (R20102 PENEERr—=
File Edit Debug Parallel Desktop Window Help
D (] | % By . o o™ |h ﬁ @ | (7] H ChUsers\SBIDocuments\MATLAB - |E] ® !

* Shortcuts [ Howto Add (2] What's New

| = =& ||| < MATLAB APF=IEK - 2 @Newto MATLAB? Watch this Video, see Demos, or read Getting Started. x @ - @ ﬁ ‘ ||@Selec... -
[ Mame = i Mame = Value
I_I hs_err_pid3832.log To customize keyboard shortcuts, use Preferences. From there, you can epr <13l H>
Ea m;tlag workspace.mat restore previous default settings by selecting "R2009%a Windows Default EE‘den [0.1000,1]
| - from the active settings drop-down list. For more information, see Hel Banum 1
Click here if you do not want to see this message again. ]
>> num=1
num =
1 |
>»> den=[0.1,1]
den =
0.1000 1.0000
»» FI=tf (num, den)
Tranzsfer function:
1
0.1 s + 1 I
Ui -
Details Ll < m 3 < m 3
I
4\ Start OVR .

On peut écrire la fonction de transfert directement sans définir séparément le numérateur et le dénominateur:

MATLAB 7.10.0 (R2010a =
File Edit Debug Parallel | Desktop | Window Help
I % R 9 o & B | @ | cwsessenDocuments\MATLAB ~ & @ |
Shortcuts [#] How to Add [#] What's New
I Current Folder w07 x | BB | Workspace 07 x
(| & = |l « MATLAB AP - 2 @Newto MATLAB? Watch this Video, see Demos, or read Getting Started. x @ - @ ﬁ ‘ ||@Selec... -
D Mame = Warning: MATLAE Toolbox Path Cache is out of date and is not being used. Mame = Value
Type 'help toolbox path cache' for more info
| hs_err_pid3832.log e v i Colay <1al tf>
matlab_workspace.mat
MATLAE desktop kevboard shortcuts, such as Ctrl+S5, are now customizable.
| In addition, many keyboard shortcuts have changed for improved consisten
across the desktop.
To customize keyboard shortcuts, use Preferences. From there, yvou can all
restore previous default settings by selecting "R200%a Windows Default I
from the active settings drop-down list. For more information, see Help.
Click here if vou do not want to see this message again. |
>» FI=tf(1,[0.1,1])
Transfer function:
1
0.1 5 + 1
fs >> |
Details Ll “ m K m 3
I
4\ Start OVR .
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Remargue: L'opérateur de Laplace "p™ est symbolisé par "'s" dans MATLAB.

& Trace de la reponse indicielle du systéeme
Pour tracer la réponse indicielle d'un tel systéme il faut d'abord déterminer I'axe du temps. Par exemple, dans
notre cas, nous allons choisir un intervalle t = [0s, 10s] avec un pas de calcule égale a 0.1s.

Remarqgue: Le r6le du point virgule " ; " a la fin de chaque instruction est pour éviter I'affichage du résultat.

CIETEET e . S

File Edit Debug Parallel Desktop Window Help
= | tRBReo o |u =) | (7] || Ch\Users\SBI\Documents\MATLAB - |E] =

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

@ & |« MATLAB - 0 f- N @ Mew to MATLAB? Watch this Video, see Demos, or read Getting Started. x @ - @ ﬁ ‘ ||@ Selec.. -
D Name = Warning: MATLAB Toolbox Path Cache is out of date and is not being used. Mame = Value
T 'help toolb th che' £ inf
[ hs_err_pid3832.log vpe elp toolbox path cache or more info el——l' L

BE‘ matlab_workspace.mat . Ba t «<1x101 double
MATLAB desktop keyboard shortcuts, such as Ctrl+5, are now customizable.

In addition, many keyboard shortcuts have changed for improved consistern
across the desktop.

To customize keyboard shortcuts, use Preferences. From there, you can all
restore previous default settings by selecting "R200%a Windows Default 5
from the active settings drop-down list. For more information, see Help.
Click here if you do not want to see this message again.

»>» FI=tf(1,[0.1,1])

Transfer function:

»> t=0:0.1:10;
»» step (FT,t)
>> |

Details Lo Il rrr vl [T} r

“
s caoaass =)
File Edit View Insert Tools Desktop Window  Help |

NEES b ARXNTDERA- |3 | 0B oo

Step Rezsponse
T

[ .l 0

0.3 -

0.7 -

0.6 =

0.5 -

Amplitude
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& Tracé de la réponse impulsionelle du systeme

Pour tracer la réponse impulsionnele du systeme, en utilise la commande "impulse™ comme suite:

File Edit Debug Parallel Desktop Window Help
D (=] | % By [@] 9 |u @ @ | (7] || C:h\Users\SBI\Documents\ MATLAB - |Q ®

1=
‘: Shortcuts (2] Howto Add (2] What's New

& o j, <« MATLAE | o - @Newto MATLAB? Watch this Videc, see Demos, or read Getting Started. @ - @ ﬁ ‘ ||@Selec... -

D o Warning: MATLAE Toolbox Path Cache is out of date and is not being used. Mame = Value
Type 'help toolbox path cache' for more info eH— <1 H

|| hs_err_pid3832.log

BH matlab_workspace.mat EE| t <1101 double
MATLAB desktop kevboard shortcuts, such as Ctrl+5, are now customizable.

In addition, many kevboard shortcuts have changed for improved consister
across the desktop.
To customize keyboard shortcuts, use Preferences. From there, you can alj
restore previous default settings by selecting "R200%z Windows Default 5
from the active settings drop-down list. For more information, =see Help.
Click here if you do not want to see this message again.

>> FI=tf(1,[0.1,1])

Transfer function:

step (FT,t)
impulse (FT,t)

Details

|4 Start]

CESE T s =)

File Edit View Insert Tools Desktop Window Help -

DS HS [k AL 0DEL-G[0E =0

Amplitude
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< Tracé des diagrammes fréquentielles

Pour tracer les diagramme fréquentielles du systéeme tels que le diagramme de Bode, Nyquist et Nichols, en
utilise les instruction bode, nyquist et nichols, respectivement.

a. Diagramme de Bode

CITVETIET e . S

File Edit Debug Parallel Desktop Window Help

D (=] | % By @ 9 |u @ @ | (7] || C:h\Users\SBI\Documents\MATLAB

B |

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

@ % )« MATLAB

] Name =
|| hs_err_pid3832.log
matlab_workspace.mat

| o i @ Mew to MATLAB? Watch this Video, see Demos, or read Getting Started.

*

1
@ -El ﬁ ‘ ||@Selec... - 1

Details

|4 start]

Warning: MATLAB Toolbox Path Cache is out of date and is not being used.
Type 'help toolbox path cache' for more info

MATLAB desktop kevboard shortcuts, such as Ctrl+5, are now customizable.
In addition, many kevboard shortcuts have changed for improved consisten
across the desktop.

To customize keyboard shortcuts, use Preferences. From there, you can al
restore previous default settings by selecting "R200%a Windows Default 5
from the active settings drop-down list. For more information, see Help.
Click here if you do not want to see this message again.

»>» FT=tf(1,[0.1,1])

Transfer function:

>» £=0:0.1:10;
»>» step (FT,t)
>» impulse (FT,t)
>> bode (FT)

< i D

Mame = Value

) FT <1y t>

HHt <1101 double
a4 LI 3

OWR _;;

r- Figure 1

| — = 5
T e

File  Edit

View Insert Tools Desktop Window Help
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b. Diagramme de Nyquist

FIINErs 22 W A T YT W W

File Edit Debug Parallel Desktop Window Help

D (] | % B @, ) |u @ @ | (7] || Ch\Users\SBI\Documents\MATLAB

‘Ta ||

* Shortcuts [#] Howto Add (& What's New

| Curent g .0~ [ Commandindow ] workspece

- 0

?‘XI

*

(| & & ||} « MATLAB - O - (@) New to MATLAB? Watch this Video, see Demos, or read Getting Started.

= o R |0 selc.. ¥

D MName = Mame =
[ hs_err_pid3832.log >> num=l ©FT
BH matlab_workspace.mat EH den
num = HH num
I FH ¢

1

>> den=[0.1,1]
‘ den =

0.1000 1.0000

>» FT=tf (num,den)
Transfer function:

>» t=0:0.1:10;
»>» step (FT,t)
impulse (FT,t)
»>» bode (FT)

»>» nyguist (FT)
> -
Details o~ < | m » 4

o

m

Value
«lad tf>

[0.1000,1]

1

<1:101 double

OVR

CEEE e =

File Edit View Insert Tools Desktop Window Help L
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c. Diagramme de Nichols

[ 4\ MATLAB 7.10.0 (R2010a

File Edit Debug Parallel Desktop Window Help

TS % RmER 9 o & B | @ | c\Users\sBNDocuments\ MATLAB |
© Shortcuts [ Howto Add (2] What's New

& % | || « MATLAB - E £5- | @ New to MATLAB? Watch this Video, see Demos, or read Getting Started., = LS Y ||@Selec... -

o
[ Name « >> num=1 MName = Value

|| hs_err_pid3832.l0g &I FT <1t
BE‘ matlab_workspace.mat EE den [0.1000,1]

EE num 1

1 Ht <1x101 double

»>»> den=[0.1,1]
den =

0.1000 1.0000
»» FT=tf (num, den)

Transfer function:

>» t=0:0.1:10;
»» step (FT,t)
impulse (FT,t)
>> bode (FT)
»>» nyguist (FT)
»>»> nichols (FT)
>> |

Details |

[« start

| File Edit Wiew Insert Tools Desktop Window Help ]
N2 @S |k ARANOBDEL- (S |0B | =O

Cpen-Loop Gain (dE)
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Remargue: Pour assurer le quadrillage des diagramme il suffit d'ajouter virgule ", " et la commande "grid"
apres la commande du tracé comme le montre le capture ci-dessous.

0 vnrag 7300 o P
File Edit Debug Parallel Desktop Window Help
il = | FL el |h i = | (7] || C\Users\SBI\Documents\MATLAB - |@ [ l

* Shortcuts [ Howto Add (] What's New

|| & = | L e« MATLAB | o - @Newto MATLAB? Watch this Video, see Demos, or read Getting Started. E - @ H ‘ ||@Selec... hd

[ Name « >> num=1 MName - Value

|| hs_err_pid3832.log &) FT <1xl tf>

BH matlab_workspace.mat num = EE den [0.1000,1]
num 1

| 1 HH+ «1x101 double

X

>> den=[0.1,1]

‘ den =

0.1000 1.0000
»>» FT=cCf (num, den)
‘ Transfer function:

m

>» t=0:0.1:10;

»>» bode (FT)

nygquist (FT)

>» nyguist (FT)

»>> nichols (FT)

»» bode (FT),grid
Fx v |

Details o~ < m » 1 n »

4

Le diagramme de Bode sera tracé comme suite:

— Rl
Figure E@M
File Edit View Insert Tools Desktop Window Help L]

NEES | k| ARXTDEL- I 0| =D

M agnituice (B

Phase (ded)
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Travail demandé: A faire sur le compte-rendu et & déposer en version papier dés qu'on revenir a
I'enseignement en présence.

it) oo
R=I000 0 . R

Ue(t) C=—= |Uqt)

[=5 uf

[ Déterminer la fonction de transfert du circuit AL 'représenté ci-dessus
Z. Enutilisant le logiciel MATLAB, tracer :
a) Laréponse indicielle et la réponse impulsionelle du systeme;
b) Les diagrammes de Bode, Nyquist et Nichols avec quadrillage des figures.
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