
Examen final de DYNAMIQUE DES STRUCTURES AVANCEE- 2025 

Corrigé Type 
Exercice N°1 (10pts) 

On donne 𝑚 = 1𝐾𝑔, 𝑙 = 80𝑐𝑚 et 𝑐 = 1.85
ேି௦

௠
   

1) Equation différentielle 

2e Principe fondamental de la dynamique : ∑ 𝑀 = 𝐽 𝜃̈ 
−𝑚𝑔𝑙𝑠𝑖𝑛𝜃 − 𝑐𝑙𝜃̇ = 𝑚𝑙ଶ𝜃̈      (1pt) 

En admettant que 𝜃 est petit : 
𝑚𝑙ଶ𝜃̈ + 𝑐𝑙𝜃̇ + 𝑚𝑔𝑙𝜃 = 0 

𝜃̈ +
௖

௠௟
𝜃̇ +

௚

௟
𝜃 = 0     (1)   (1pt) 

2-1) Résolution de l’équation différentielle (1) 

Soient : 𝜔ଶ =
௚

௟
     (0.5pt)         et            𝑞 =

௖

௠௟
= 2.31 

L’équation caractéristique : 
𝑠ଶ + 𝑞𝑠 + 𝜔ଶ = 0    (0.5pt) 

∆= 𝑞ଶ − 4𝜔ଶ = ቀ
௖

௠௟
ቁ

ଶ

− 4
௚

௟
= ቀ

ଵ.଼ହ

ଵ∗଴.଼
ቁ

ଶ

− 4
ଵ଴

଴.଼
= −44.65 = 44.65𝑖ଶ      (0.5pt) 

Les solutions de l’eqt caractéristique :  
𝑠ଵ =

ିଶ.ଷଵା଺.଺଼

ଶ
= −1.155 + 3.34𝑖     (0.5pt) 

𝑠ଶ =
ିଶ.ଷଵି଺.଺଼௜

ଶ
= −1.155 − 3.34𝑖     (0.5pt) 

La solution de l’équation (1) est de la forme : 
𝜃(𝑡) = 𝐴ଵ𝑒(ିଵ.ଵହହାଷ.ଷସ௜)௧ + 𝐴ଶ𝑒(ିଵ.ଵହହିଷ.ଷସ௜)௧ = 𝑒ିଵ.ଵହହ௧ൣ𝐴ଵ𝑒ଷ.ଷସ௜௧ + 𝐴ଶ𝑒ିଷ.ଷସ௜௧൧      (1pt) 
𝜃(𝑡) = 𝑒ିଵ.ଵହହ௧[𝐴𝑐𝑜𝑠(3.34𝑡) + 𝐵𝑠𝑖𝑛(3.34𝑡)]     (1pt) 

2-2) Détermination des constantes A et B 

A t=0     𝜃(0) = 20° =
గ

ଽ
                           𝐴 =

గ

ଽ
= 0.348     (1pt) 

𝜃̇(𝑡) = −1.155 ∗ 𝑒ିଵ.ଵହହ௧[𝐴𝑐𝑜𝑠(3.34𝑡) + 𝐵𝑠𝑖𝑛(3.34𝑡)] + 𝑒ିଵ.ଵହହ௧[−3.34𝐴𝑠𝑖𝑛(3.34𝑡) +
3.34𝐵𝑐𝑜𝑠(3.34𝑡)]      (0.5pt)      
A t=0 𝜃̇(0) = 0     𝜃̇(0) = −1.155𝐴 + 3.34𝐵 = 0     (0.5pt) 
𝐵 =

ଵ.ଵହହ஺

ଷ.ଷସ
=

ଵ.ଵହହ∗଴.ଷସ଼

ଷ.ଷସ
= 0.12                        𝐵 = 0.12     (1pt) 

La solution définitive de l’équation différentielle : 
𝜃(𝑡) = 𝑒ିଵ.ଵହହ௧[0.348  𝑐𝑜𝑠(3.34𝑡) + 0.12𝑠𝑖𝑛3.34𝑡]      (0.5pt) 

Exercice N°2 

1) Equations différentielles 

ቐ

−𝑚𝑥̈ଵ − 𝑐(𝑥̇ଵ − 𝑥̇ଶ) − 𝑘(𝑥ଵ − 𝑥ଶ) + 𝑃(𝑡) = 0

−𝑚𝑥̈ଶ − 𝑐(𝑥̇ଶ − 𝑥̇ଵ) − 𝑘(𝑥ଶ − 𝑥ଵ) − 𝑘(𝑥ଶ − 𝑥ଷ) = 0

−𝑚𝑥̈ଷ − 𝑘(𝑥ଷ − 𝑥ଶ) = 𝑃(𝑡)
  (0.5*3=1.5pt) 

ቐ

𝑚𝑥̈ଵ + 𝑐𝑥̇ଵ − 𝑐𝑥̇ଶ + 𝑘𝑥ଵ − 𝑘𝑥ଶ = 𝑃(𝑡)

𝑚𝑥̈ଶ − 𝑐𝑥̇ଵ + 𝑐𝑥̇ଶ − 𝑘𝑥ଵ + 2𝑘𝑥ଶ − 𝑘𝑥ଷ = 0

𝑚𝑥̈ଷ − 𝑘𝑥ଶ + 𝑘𝑥ଷ = 𝑃(𝑡)
 (0.25*3=0.75pt) 

2) Fréquences propres 

൥
𝑚 0 0
0 𝑚 0
0 0 𝑚

൩ ൥

𝑧̈ଵ

𝑧̈ଶ

𝑧̈ଷ

൩ + ൥
𝑐 −𝑐 0

−𝑐 𝑐 0
0 0 0

൩ ൥

𝑧̇ଵ

𝑧̇ଶ

𝑧̇ଷ

൩ + ൥
𝑘 −𝑘 0

−𝑘 2𝑘 −𝑘
0 −𝑘 𝑘

൩ ൥

𝑧ଵ

𝑧ଶ

𝑧ଷ

൩ = ൥
𝑃(𝑡)

0
𝑃(𝑡)

൩ (0.5*3=1.5pt) 
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อ
𝑘 − 𝑚𝜔ଶ −𝑘 0

−𝑘 2𝑘 − 𝑚𝜔ଶ −𝑘
0 −𝑘 𝑘 − 𝑚𝜔ଶ

อ = 0  (0.75pt) 

(𝑘 − 𝑚𝜔ଶ)[(2𝑘 − 𝑚𝜔ଶ)(𝑘 − 𝑚𝜔ଶ) − 𝑘ଶ] − 𝑘ଶ(𝑘 − 𝑚𝜔ଶ) = 0   (0.75pt) 

(𝑘 − 𝑚𝜔ଶ)[2𝑘ଶ − 2𝑘𝑚𝜔ଶ − 𝑘𝑚𝜔ଶ + 𝑚ଶ𝜔ଶ + 𝑘ଶ] − 𝑘ଶ(𝑘 − 𝑚𝜔ଶ) = 0 
(𝑘 − 𝑚𝜔ଶ)[3𝑘ଶ − 3𝑘𝑚𝜔ଶ + 𝑚ଶ𝜔ସ] − 𝑘ଶ(𝑘 − 𝑚𝜔ଶ) = 0 

(𝑘 − 𝑚𝜔ଶ)[𝑚ଶ𝜔ସ − 3𝑘𝑚𝜔ଶ + 2𝑘ଶ] = 0   (0.75pt) 

(0.25pt)𝑘 − 𝑚𝜔ଶ = 0  -->   𝜔଴
ଶ =

௞

௠
= 1000   --->   𝜔଴ = 31.62𝑟𝑑𝑠/𝑠 (0.5pt) 

 (0.25pt)𝑚ଶ𝜔ସ − 3𝑘𝑚𝜔ଶ + 2𝑘ଶ = 0 -->∆= 9𝑚ଶ𝑘ଶ − 4 ∗ 𝑚ଶ ∗ 2𝑘ଶ = 𝑚ଶ𝑘ଶ 

 (0.25pt) 𝜔ଵ
ଶ =

ଷ௞௠ା௞௠

ଶ∗௠మ
= 2000   ---> 𝜔ଵ = 44.72𝑟𝑑𝑠/𝑠 (0.5pt) 

(0.25pt)  𝜔ଶ
ଶ =

ଷ௞௠ି௞௠

ଶ∗௠మ
= 1000   ---> 𝜔ଶ = 31.62𝑟𝑑𝑠/𝑠 (0.5pt) 

3-1) Taux d'amortissement de m1 

 (0.25pt) 𝜉 =
௖

௖೎
=

௖

ଶ௠ఠ
=

௖

ଶ௠ට
ೖ

೘

= 1.58    (0.5pt) 

3-2) Amplitude  

  (0.25pt)  𝑈଴ =
௉బ

௞

ଵ

ඥ(ଵିఉమ)మା(ଶకఉ)మ
= 0.5933𝑚 = 59.33𝑐𝑚  (0.5pt) 

 


