
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 



 

 

 

 

 

𝑎 ≥

1  

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

𝜃𝑝(𝑡)

𝜃𝑔(𝑡) 𝜃𝑝(𝑡)

𝑢𝑀(𝑡) 𝜃𝑀(𝑡)

𝜃𝑔(𝑡) 𝜃𝑝(𝑡)

𝑑𝜃𝑀(𝑡)

𝑑𝑡
+ 10 ⋅ 𝜃𝑀(𝑡) = 20 ⋅ 𝑢𝑀(𝑡)

𝐻(𝑝) =
𝜃𝑀(𝑝)

𝑈𝑀(𝑝)

H(p)

θM(t) uM(t)

uM(t) θM(t)

 

 





 

 

 

 

 

 

 

 

 

 

r.

𝜔2(𝑡) 𝜔1(𝑡)  

𝑟 =
𝜔2(𝑡)

𝜔1(𝑡)

r

𝑟 = −
𝑧1

𝑧2

 z1 z2

Cm1 (t) Cm2 (t) 

P1 (t) P2 (t)

𝜂 =
𝑃2(𝑡)

𝑃1(𝑡)
𝐶𝑚1(𝑡)  , 𝜔1(𝑡) 𝐶𝑚2(𝑡)  , 𝜔2(𝑡)

Cm2 (t) Cm1 (t)  r

J

• Cf (t) f. 2 (t)  

• 

𝐶𝑚2(𝑡) − 𝐶𝑓(𝑡) = 𝐽 ⋅
𝑑𝜔2(𝑡)

𝑑𝑡

H1(p), H2(p), H3(p), 

H1(p) 
Cm1(p) Cm2(p) 

+ 
- H2(p) 

Ω2(p) 

H3(p) 

Cf(p) 



𝐻(𝑝) =
𝛺2(𝑝)

𝐶𝑚1(𝑝)

J = 8.10-3 kg.m2 ; f = 0,01 N.m.s ; η = 0,9 ; r = 1/4. 

𝜔2( )

Cm1 (t) = 0,1.u(t)

 

 

• 𝑢𝑅1(𝑡) = 𝑅1 ⋅ 𝑖(𝑡)

• 𝑢𝑅2(𝑡) = 𝑅2 ⋅ 𝑖(𝑡)

• 𝑢𝑐(𝑡) =
1

𝐶
⋅ ∫ 𝑖(𝑡)𝑑𝑡

• 𝑢𝑒(𝑡) = 𝑢𝑅1(𝑡) + 𝑢𝑅2(𝑡) + 𝑢𝐶(𝑡)

• 𝑢𝑠(𝑡) = 𝑢𝑅2(𝑡) + 𝑢𝐶(𝑡)
 

 

 

𝐻1(𝑝) =
𝑈𝑠(𝑝)

𝑈𝑒(𝑝)

G1(p) G2(p) R1 R2 C p

H1(p) 1 = R2.C = 1 ms 2 = (R1+R2).C = 5 

ms

t = 0 s 10 V ue(t)=10.u(t)

Us(t)

 

 

 

R1

R2

C

Vs(t)Ve(t) us(t) ue(t) 

G1(P) G2(P) 
   I(p)  Us(p)  Ue(p) 

+ 
- 



 On s'intéresse à un système d'impression dont le schéma ci-dessous indique le trajet 

du papier. 

 

 

 

• u t = R.i t + e t

• 𝐶𝑚(𝑡) − 𝐶𝑟(𝑡) = 𝐽 ⋅
𝑑𝜔(𝑡)

𝑑𝑡
J = 26 Kg.m²

• Cm t  = K. i t e t = K. t

K=1,89 V/(rad.s-1) N.m.A-1

  



 

 K 

 

 
Cr(p)=0

Fu(p)= Ω(p)/U(p)

Fu(p)

𝐹𝑢(𝑝) =
𝐾𝑢

1 + 𝜏𝑚 ⋅ 𝑝

U0=460 V

N0

U(p)=0

Fr(p)= Ω(p)/ Cr(p)

 

Fr(p) Fr(p)

𝐹𝑟(𝑝) =
𝐾𝑟

1 + 𝜏𝑚 ⋅ 𝑝
 

Ω(p) = Fu(p).U(p)+ Fr(p).Cr(p).

460 V

2320 tr/min

Cr0=25 N.m Nr0 tr/min

 s=N0 - Nr0



𝐻(𝑝) =
0,5

20 + 4 ∙ 𝑝 + 0,1 ∙ 𝑝2

𝐻(𝑝)

 

𝐺(𝑝) =
0,5

20 + 0,8 ∙ 𝑝 + 0,1 ∙ 𝑝2
 

𝐷1% = 𝑒
−𝜋.𝑎

√1−𝑎2 𝑡𝐷1 =
𝜋

𝜔𝑛∙√1−𝑎2



 
 

. 

 

 𝑢(𝑡) = 𝑒(𝑡) + 𝑅 ⋅ 𝑖(𝑡) + 𝐿

⋅
𝑑𝑖(𝑡)

𝑑𝑡
 

 
𝐶𝑚(𝑡) − 𝑓 ⋅ 𝜔(𝑡) = 𝐽 ⋅

𝑑𝜔(𝑡)

𝑑𝑡
 

 𝑒(𝑡) = 𝐾𝑒 ⋅ 𝜔(𝑡) 

 𝐶𝑚(𝑡) = 𝐾𝑇 ⋅ 𝑖(𝑡) 





f L 

 

 

 

 

 

𝐻(𝑝) =
𝛺(𝑝)

𝑈(𝑝)

H(p) H(p)

R= 1 Ohm ; J = 1,2.10-4 kg.m² ; Ke = 0, 1 V/rad/s ; KT = 0,1 N.m / A

 

 

 

• 𝛺(𝑝) 𝜔(𝑡)

• 𝛺𝑆(𝑝) 𝜔𝑆(𝑡)

• 𝛩𝑆(𝑝) 𝜃𝑆(𝑡)

 

 

 

 

 

 

• Kr

• 𝛩𝑆(𝑝)

• 𝛩𝐶(𝑝)

𝐺(𝑝) =
𝛩𝑆(𝑝)

𝛩𝐶(𝑝)

G(p)

Kr

𝜔0 m

 

  

+ 
- 

   

 

   

U(p) Ω(p) Ωs(p)  s(p) 

+ 
- 

Kr  
  



𝜃𝐶 = 30

5%

Kr

𝜃𝑆

 

x

x





 

• um(t) L(um(t))=Um(p)

• m (t) L(m (t))=m(p)

• r(t) L(r (t))=r(p)

• r(t) L(r (t))=r(p)

• x(t) L(x (t))=X(p)

 

On pose : 

• R = 0.2 

•  = 200 mm 

• Km = 0.3 rad/s/V 

• m = 0.2 s 

 

 

 

 

H1(p) H4(p) H3(p) H2(p) 
Um(p) m(p) r(p) r(p) X(p) 



H1(p), H2(p), H 3(p), H4(p).

H(p) 𝐻(𝑝) =
𝑋(𝑝)

𝑈𝑚(𝑝)

 

 

 

 

 

 

 

 

Kv =1

 
 

Um(p) 

H4(p) H3(p) 
r(p) X(p) 

H2(p) 

r(p) 

H1(p) 

m(p) 

Kv 
+ 

- 
? 

Cons x(p) 
Cons  (p) 



 

f(t) = 500 (t). 

𝑦(𝑡)

𝑓(𝑡)

𝑓(𝑡) + 𝐹⃗𝑅 + 𝐹⃗𝑉𝐴 = 𝑚 ∙ 𝑎⃗

• 𝑓(𝑡) = − 500. 𝛿(𝑡)𝑦⃗ 

• 𝐹⃗𝑅 = − 𝑘 ∙ 𝑦(𝑡) y⃗⃗ 

• 𝐹⃗VA = − C∙𝑦̇(𝑡) y⃗⃗ 

• 𝑎⃗= 𝑦̈(𝑡) y⃗⃗ 

A t= 0s, y=0 et 𝑦̇=0 𝑃⃗⃗ + 𝑁⃗⃗⃗ = 0⃗⃗

y (p),(Y(p)=L(y(t))), 

F(p), (F(p)=L(f(t)))

𝐺(𝑝) =
𝐺0

1 +
2. 𝑧. 𝑝

𝜔𝑛
+

𝑝 ²  
𝜔𝑛 ²  

=
𝑌(𝑝)

𝐹(𝑝)
 

G0, n z

M = 300 kg ; k = 17055 N/m et C = 5500 N/m/s

Schéma de principe : 
 

  



G(p), 1

2

Y(p)

y(t) 𝑡 ∈ [0; 2]

C1= 2000 N/m/s

G1 (p)

y1 (t)

y (t) y1 (t)

 

 

                                                           



 

 

H(p) G(p).
𝛺𝑣(𝑝)

𝛺𝑐(𝑝)

𝑢(𝑡) = 𝑒(𝑡) + 𝑅 ⋅ 𝑖(𝑡) + 𝐿 ⋅
𝑑𝑖(𝑡)

𝑑𝑡
𝐶𝑚(𝑡) − 𝑓 ⋅ 𝜔(𝑡) = 𝐽 ⋅

𝑑𝜔(𝑡)

𝑑𝑡
𝑒(𝑡) = 𝐾𝑒 ⋅ 𝜔(𝑡) 𝐶𝑚(𝑡) = 𝐾𝑚 ⋅

𝑖(𝑡)

u(t) e(t) i(t)

Cm(t) ωm (t)

R, L, Ke, J, f Km

Ωm (p) U(p)

𝛺𝑚(𝑝)

𝑈(𝑝)
=

𝐾

1 +
2. 𝑎
𝜔𝑛

⋅ 𝑝 +
1

𝜔𝑛 ²  
⋅ 𝑝 ²  

 

, a ωn

𝛺𝑣(𝑝)

𝛺𝑐(𝑝)
=

𝐾𝑇

1+𝑇𝑇⋅𝑝
KT=0,9 TT=0,1s

ωv(t)

ωc(t) =ωc0.u(t) ωc0 KT TT

xv(t)
𝑑𝑥𝑣(𝑡)

𝑑𝑡
= 𝑏 ⋅ 𝜔𝑣(𝑡)

Où b

Xv(p) xv(t).

xv(t) b KT TT ωc0



𝛺𝑣(𝑝)

𝛺𝑐(𝑝)
=

1

1 + 2 ⋅ 𝑝 + 𝑝2
 

ωv(t)

ωc(t) = ωc0.u(t).  

– 3dB

𝐹1(𝑝) =
1

1+𝑝
 𝐹2(𝑝) =

10

1+𝑝
𝐹3(𝑝) =

1

1+10⋅𝑝

𝐹1(𝑝) = 3 ⋅ 𝑝 𝐹2(𝑝) =
3

𝑝

𝑎 ≥ 1

𝐻(𝑝) =
200

100 + 60 ⋅ 𝑝 + 5 ⋅ 𝑝2

𝐻1(𝑝)

𝐻2(𝑝)

 



Réponses à la question Q2.1. 

 
Réponses à la question Q2.2. 



Réponses à la question Q5. 

 
 

 

Fonction transfert 

𝐻(𝑝) =
𝐾

1 + 𝜏 ⋅ 𝑝
 

Fonction 
complexe 
 

𝐻 =
𝐾

1 + 𝑗 ⋅ 𝜏 ⋅ 𝜔
 

Diagramme de gain Diagramme de phase 

K =  = Puls. Basses 

𝜔 <<
1

𝜏
 

Asymptote : 
20 ⋅ 𝑙𝑜𝑔(𝐾) 

Puls. Hautes  

𝜔 >>
1

𝜏
 

Asymptote : 
−20𝑑𝐵/𝑑𝑒𝑐. 

coupure 

𝜔𝑐 =
1

𝜏
 

Puls. Basses 

𝜔 <<
1

𝜏
 

Asymptote =  

Puls. Hautes 

𝜔 >>
1

𝜏
 

Asymptote = 

coupure 
𝜔𝑐

=
1

𝜏
𝜑(𝜔𝑐) 

𝐹1(𝑝) 
 

         

𝐹2(𝑝) 
 

         

𝐹3(𝑝) 
 

         

𝐻1(𝑝) 
 

         

𝐻2(𝑝) 
 

         

 

 



 

 

 

𝐻(𝑝) =
1

(1+𝜏1.𝑝).(1+𝜏2.𝑝)

Km Ks 

1 = 0,5 s 2 = 0,02s Ks = 10 V/ rad Km

H(p).

Km Km=1

FTBO(p)

                                                           
2  

+ 
- 

Km H(p) Ud (p) (p)  

Ks 



 

 

  



k1

M

V

f(t)

b2

y2(t)

b1

y1(t)

k1

M 

V b1

b2

f(t) V

𝑀
𝑑2𝑦2(𝑡)

𝑑𝑡2
= −𝑘1. 𝑦2(𝑡) − 𝑏2.

𝑑𝑦2(𝑡)

𝑑𝑡
− 𝑏1 .

𝑑(𝑦2(𝑡) − 𝑦(1(𝑡))

𝑑𝑡
 

𝑎𝑣𝑒𝑐 f(𝑡)=- 𝑏1 .
𝑑(𝑦2(𝑡) − 𝑦(1(𝑡))

𝑑𝑡

M

𝐻(𝑝) =
𝑌2(𝑝)

𝐹(𝑝)

k1, M, b2

M= 250 Kg, k1 = 25 000 N/m, b2 = 1000 N/m/s 

H (p)

f (t) f (t) = 250.(t) 𝑓 = 250𝑁

y2 (t)

• Y2 (j)

• G (dB) Y2 (j)

• 𝜔𝑐

𝜔𝑟

G (dB)

 



• ()

• 𝜑(𝜔𝑐)

• 

a=0.7

b’2 b2 H’2(p) 

H2(p) y2(t) y’2(t)

𝑢(𝑡) = 𝑅 ⋅ 𝑖(𝑡) + 𝑒(𝑡) + 𝐿 ⋅
𝑑𝑖(𝑡)

𝑑𝑡
𝑒(𝑡) = 𝑘𝑒 ⋅ 𝜔𝑚(𝑡) 𝐽 ⋅

𝑑𝜔𝑚(𝑡)

𝑑𝑡
= 𝐶𝑚(𝑡) 𝐶𝑚(𝑡) = 𝑘𝑚 ⋅ 𝑖(𝑡)

𝑢(𝑡) 𝑒(𝑡) 𝑖(𝑡)

𝐶𝑚(𝑡) 𝜔𝑚(𝑡)

𝐻(𝑝) =
𝛺𝑚(𝑝)

𝑈(𝑝)

𝐾𝑐

𝑅 = 1.1 𝛺 𝐿 = 0.5 mH 𝑘𝑚 = 0.0259  𝑁𝑚/𝐴 𝑘𝑒 = 2.7 𝑉/1000  𝑡𝑟/𝑚𝑖𝑛

𝐽 = 3.32   10-6 kg.m2

𝐻(𝑝)

𝐻(𝑝) =
𝐾𝑚

(1+𝜏1⋅𝑝)⋅(1+𝜏2⋅𝑝)

𝜏1 𝜏2

𝜔𝑚(𝑡) 𝑢(𝑡) 𝑈0

𝐾𝑚 𝜏1 𝜏2 𝑈0

𝜔𝑚(𝑡) 𝜔𝑚(𝑡)

𝑈0 𝜔𝑚(𝑡) 𝑡 → +

 𝐾𝑔 = 0.1 𝜔𝑚(𝑡)

𝐶(𝑝)

𝐴 = 5𝑉/𝑟𝑎𝑑/𝑠 𝐻(𝑝)

 



𝐻(𝑝) =
38.7

(1 + 0.5 ⋅ 10−3 ⋅ 𝑝) ⋅ (1 + 5 ⋅ 10−3 ⋅ 𝑝)

𝑪(𝒑) = 𝑲

𝐺1(𝑝)

𝐻1(𝑝)

𝐻1(𝑝)

𝐻1(𝑝) =
𝐾𝑆

1 + 2 ⋅
𝑎

𝜔𝑛
⋅ 𝑝 +

1
𝜔𝑛

2 ⋅ 𝑝2

𝐾𝑆 𝑎 𝜔𝑛 𝐾

𝐾 = 𝐾0 = 0.27 𝑎 <
√2

2

𝐾𝑆 𝜔𝑛 𝐾0

𝐺1(𝑗 ⋅ 𝜔) 𝐾 = 1

𝐾 = 𝐾0

𝑀𝜙

𝑀𝜙 = 180 + 𝑎𝑟𝑔(𝐺1(𝑗𝜔1))

𝜔1 |𝐺1(𝑗𝜔1)| = 1 20 ⋅ 𝑙𝑜𝑔|𝐺1(𝑗𝜔1)| = 0



𝐾 = 1 𝜔1

|𝐺1(𝑗𝜔1)| = 1

𝐾 = 𝐾0

𝜔1 |𝐺1(𝑗𝜔1)| = 1

 



 

)(1 jG 1=K

 

 

 

 

 

Nom :  


