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Manège TECHNO POWER 
CORRIGÉ 

 

 
Figures géométrales : 
 
 
 
 
 
 
 
 

𝑽ሬሬ⃗ 𝑫,𝟑/𝟎 =
𝒅𝑶𝑫ሬሬሬሬሬሬ⃗

𝒅𝒕
቟

𝟎

=
𝒅൫𝑶𝑨ሬሬሬሬሬሬ⃗ + 𝑨𝑩ሬሬሬሬሬሬ⃗ + 𝑩𝑪ሬሬሬሬሬሬ⃗ + 𝑪𝑫ሬሬሬሬሬሬ⃗ ൯

𝒅𝒕
቟

𝟎

=
𝒅(𝝀. 𝒛ሬ⃗ 𝟏)

𝒅𝒕
቟

𝟎

+
𝒅(𝒂. 𝒚ሬሬ⃗ 𝟏)

𝒅𝒕
቟

𝟎

+
𝒅(−𝒃. 𝒛ሬ⃗ 𝟐)

𝒅𝒕
቟

𝟎

+
𝒅(𝒄. 𝒙ሬሬ⃗ 𝟑)

𝒅𝒕
቟

𝟎

 

=
𝒅(𝝀. 𝒛ሬ⃗ 𝟏)

𝒅𝒕
቟

𝟎

+ 𝒂 ∙
𝒅𝒚ሬሬ⃗ 𝟏

𝒅𝒕
቟

𝟎

− 𝒃 ∙
𝒅𝒛ሬ⃗ 𝟐

𝒅𝒕
቟

𝟎

+ 𝒄 ∙
𝒅𝒙ሬሬ⃗ 𝟑

𝒅𝒕
቟

𝟎

 

avec : 

𝒅(𝝀. 𝒛ሬ⃗ 𝟏)

𝒅𝒕
቟

𝟎

= 𝝀̇ ∙ 𝒛ሬ⃗ 𝟏 + 𝝀 ∙
𝒅𝒛ሬ⃗ 𝟏

𝒅𝒕
቟

𝟎

= 𝝀̇ ∙ 𝒛ሬ⃗ 𝟏 + 𝝀 ∙ ቆ
𝒅𝒛ሬ⃗ 𝟏

𝒅𝒕
቟

𝟏

+ 𝜴ሬሬ⃗ 𝟏/𝟎 ∧ 𝒛ሬ⃗ 𝟏ቇ = 𝝀̇ ∙ 𝒛ሬ⃗ 𝟏 

𝒅𝒚ሬሬ⃗ 𝟏

𝒅𝒕
቟

𝟎

=
𝒅𝒚ሬሬ⃗ 𝟏

𝒅𝒕
቟

𝟏

+ 𝜴ሬሬ⃗ 𝟏/𝟎 ∧ 𝒚ሬሬ⃗ 𝟏 = 𝝍̇ ∙ 𝒛ሬ⃗ 𝟎
𝟏

∧ 𝒚ሬሬ⃗ 𝟏 = −𝝍̇ ∙ 𝒙ሬሬ⃗ 𝟏 

𝒅𝒛ሬ⃗ 𝟐

𝒅𝒕
቟

𝟎

= 𝜴ሬሬ⃗ 𝟐/𝟎 ∧ 𝒛ሬ⃗ 𝟐 = ቆ𝜽̇ ∙ 𝒙ሬሬ⃗ 𝟏
𝟐

+ 𝝍̇ ∙ 𝒛ሬ⃗ 𝟎
𝟏

ቇ ∧ 𝒛ሬ⃗ 𝟐 = −𝜽̇ ∙ 𝒚ሬሬ⃗ 𝟐 + 𝝍̇𝒔𝒊𝒏𝜽 ∙ 𝒙ሬሬ⃗ 𝟏
𝟐

 

𝒅𝒙ሬሬ⃗ 𝟑

𝒅𝒕
቟

𝟎

= 𝜴ሬሬ⃗ 𝟑/𝟎 ∧ 𝒙ሬሬ⃗ 𝟑 = ቆ𝝋̇ ∙ 𝒛ሬ⃗ 𝟐
𝟑

+ 𝜽̇ ∙ 𝒙ሬሬ⃗ 𝟏
𝟐

+ 𝝍̇ ∙ 𝒛ሬ⃗ 𝟎
𝟏

ቇ ∧ 𝒙ሬሬ⃗ 𝟑 = 𝝋̇ ∙ 𝒚ሬሬ⃗ 𝟑 + 𝜽̇𝒔𝒊𝒏𝝋 ∙ 𝒛ሬ⃗ 𝟐
𝟑

+ 𝝍̇ ∙ 𝒛ሬ⃗ 𝟎
𝟏

∧ 𝒙ሬሬ⃗ 𝟑 

𝒛ሬ⃗ 𝟎
𝟏

∧ 𝒙ሬሬ⃗ 𝟑 = ቆ𝒔𝒊𝒏𝜽 ∙ 𝒚ሬሬ⃗ 𝟐 + 𝒄𝒐𝒔𝜽 ∙ 𝒛ሬ⃗ 𝟐
𝟑

ቇ ∧ 𝒙ሬሬ⃗ 𝟑 = −𝒔𝒊𝒏𝜽𝒄𝒐𝒔𝝋 ∙ 𝒛ሬ⃗ 𝟐
𝟑

+ 𝒄𝒐𝒔𝜽 ∙ 𝒚ሬሬ⃗ 𝟑 

Ou : 

𝒛ሬ⃗ 𝟎
𝟏

∧ 𝒙ሬሬ⃗ 𝟑 = 𝒛ሬ⃗ 𝟎
𝟏

∧ ቆ𝒄𝒐𝒔𝝋 ∙ 𝒙ሬሬ⃗ 𝟏
𝟐

+ 𝒔𝒊𝒏𝝋 ∙ 𝒚ሬሬ⃗ 𝟐ቇ = 𝒄𝒐𝒔𝝋 ∙ 𝒚ሬሬ⃗ 𝟏 − 𝒔𝒊𝒏𝝋𝒄𝒐𝒔𝜽 ∙ 𝒙ሬሬ⃗ 𝟏
𝟐

 

D’où 
 

𝑽ሬሬ⃗ 𝑫,𝟑/𝟎 = −𝝍̇(𝒂 + 𝒃𝒔𝒊𝒏𝜽) ∙ 𝒙ሬሬ⃗ 𝟏
𝟐

+ 𝝀̇ ∙ 𝒛ሬ⃗ 𝟏 + 𝒃𝜽̇ ∙ 𝒚ሬሬ⃗ 𝟐 + 𝒄൫𝜽̇𝒔𝒊𝒏𝝋 − 𝝍̇𝒔𝒊𝒏𝜽𝒄𝒐𝒔𝝋൯ ∙ 𝒛ሬ⃗ 𝟐
𝟑

+ 𝒄 ∙ ൫𝝋̇ + 𝝍̇𝒄𝒐𝒔𝜽൯ ∙ 𝒚ሬሬ⃗ 𝟑 
 

Ou : 
 

𝑽ሬሬ⃗ 𝑫,𝟑/𝟎 = −𝝍̇(𝒂 + 𝒃𝒔𝒊𝒏𝜽 + 𝒄𝒔𝒊𝒏𝝋𝒄𝒐𝒔𝜽) ∙ 𝒙ሬሬ⃗ 𝟏
𝟐

+ 𝒄𝝍̇𝒄𝒐𝒔𝝋 ∙ 𝒚ሬሬ⃗ 𝟏 + 𝝀̇ ∙ 𝒛ሬ⃗ 𝟏 + 𝒃𝜽̇ ∙ 𝒚ሬሬ⃗ 𝟐 + 𝒄𝜽̇𝒔𝒊𝒏𝝋 ∙ 𝒛ሬ⃗ 𝟐
𝟑

+ 𝒄𝝋̇ ∙ 𝒚ሬሬ⃗ 𝟑 

 

𝒛ሬ⃗ 𝟎
𝟏

 𝒙ሬሬ⃗ 𝟎 

𝒚ሬሬ⃗ 𝟎 𝒚ሬሬ⃗ 𝟏 

𝒙ሬሬ⃗ 𝟏 

 

𝛀ሬሬ⃗ 𝟏/𝟎 = 𝛙̇ ∙ 𝐳⃗𝟎
𝟏

 

𝒚ሬሬ⃗ 𝟎 

𝒙ሬሬ⃗ 𝟎 

𝒛ሬ⃗ 𝟎 

𝒙ሬሬ⃗ 𝟏 

𝒚ሬሬ⃗ 𝟏 𝒛ሬ⃗ 𝟏 

 

 

𝒛ሬ⃗ 𝟏 

𝒚ሬሬ⃗ 𝟏 

𝒛ሬ⃗ 𝟐 

𝒚ሬሬ⃗ 𝟐 

𝒙ሬሬ⃗ 𝟏
𝟐

 

𝛀ሬሬ⃗ 𝟐/𝟏 = 𝛉̇ ∙ 𝐱ሬ⃗ 𝟏
𝟐

 

𝒛ሬ⃗ 𝟐
𝟑

 𝒙ሬሬ⃗ 𝟐 

𝒚ሬሬ⃗ 𝟐 𝒚ሬሬ⃗ 𝟑 

𝒙ሬሬ⃗ 𝟑 

 

𝛀ሬሬ⃗ 𝟑/𝟐 = 𝛗̇ ∙ 𝐳⃗𝟐
𝟑
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𝜞ሬሬ⃗ 𝑫,𝟑/𝟎 =
𝒅𝑽ሬሬ⃗ 𝑫,𝟑/𝟎

𝒅𝒕
ඐ

𝟎
      avec, par hypothèse : 𝝍̇ constant 

Or :  
𝑽ሬሬ⃗ 𝑫,𝟑/𝟎 = −𝝍̇(𝒂 + 𝒃𝒔𝒊𝒏𝜽) ∙ 𝒙ሬሬ⃗ 𝟏

𝟐

+ 𝝀̇ ∙ 𝒛ሬ⃗ 𝟏 + 𝒃𝜽̇ ∙ 𝒚ሬሬ⃗ 𝟐 + 𝒄൫𝜽̇𝒔𝒊𝒏𝝋 − 𝝍̇𝒔𝒊𝒏𝜽𝒄𝒐𝒔𝝋൯ ∙ 𝒛ሬ⃗ 𝟐
𝟑

+ 𝒄 ∙ ൫𝝋̇ + 𝝍̇𝒄𝒐𝒔𝜽൯ ∙ 𝒚ሬሬ⃗ 𝟑 

= 𝑨 ∙ 𝒙ሬሬ⃗ 𝟏
𝟐

+ 𝑩 ∙ 𝒛ሬ⃗ 𝟏 + 𝑪 ∙ 𝒚ሬሬ⃗ 𝟐 + 𝑫 ∙ 𝒛ሬ⃗ 𝟐
𝟑

+ 𝑬 ∙ 𝒚ሬሬ⃗ 𝟑 

Avec : 
𝒅𝒙ሬሬ⃗ 𝟏

𝒅𝒕
ቕ

𝟎
= 𝝍̇ ∙ 𝒚ሬሬ⃗ 𝟏 𝒅𝒛ሬ⃗ 𝟏

𝒅𝒕
ቕ

𝟎
= 𝟎ሬሬ⃗   𝒅𝒚ሬሬ⃗ 𝟐

𝒅𝒕
ቕ

𝟎
= 𝜴ሬሬ⃗ 𝟐/𝟎 ∧ 𝒚ሬሬ⃗ 𝟐 = ቆ𝜽̇ ∙ 𝒙ሬሬ⃗ 𝟏

𝟐

+ 𝝍̇ ∙ 𝒛ሬ⃗ 𝟎
𝟏

ቇ ∧ 𝒚ሬሬ⃗ 𝟐 = 𝜽̇ ∙ 𝒛ሬ⃗ 𝟐 − 𝝍̇𝒄𝒐𝒔𝜽 ∙ 𝒙ሬሬ⃗ 𝟏 

𝒅𝒛ሬ⃗ 𝟐

𝒅𝒕
቟

𝟎

= 𝜴ሬሬ⃗ 𝟐/𝟎 ∧ 𝒛ሬ⃗ 𝟐 = ቆ𝜽̇ ∙ 𝒙ሬሬ⃗ 𝟏
𝟐

+ 𝝍̇ ∙ 𝒛ሬ⃗ 𝟎
𝟏

ቇ ∧ 𝒛ሬ⃗ 𝟐 = −𝜽̇ ∙ 𝒚ሬሬ⃗ 𝟐 + 𝝍̇𝒔𝒊𝒏𝜽 ∙ 𝒙ሬሬ⃗ 𝟏
𝟐

 

𝒅𝒚ሬሬ⃗ 𝟑

𝒅𝒕
቟

𝟎

= 𝜴ሬሬ⃗ 𝟑/𝟎 ∧ 𝒚ሬሬ⃗ 𝟑 = ቆ𝝋̇ ∙ 𝒛ሬ⃗ 𝟐
𝟑

+ 𝜽̇ ∙ 𝒙ሬሬ⃗ 𝟏
𝟐

+ 𝝍̇ ∙ 𝒛ሬ⃗ 𝟎
𝟏

ቇ ∧ 𝒚ሬሬ⃗ 𝟑 = −𝝋̇ ∙ 𝒙ሬሬ⃗ 𝟑 + 𝜽̇𝒄𝒐𝒔𝝋 ∙ 𝒛ሬ⃗ 𝟐
𝟑

+ 𝝍̇ ∙ 𝒛ሬ⃗ 𝟎
𝟏

∧ 𝒚ሬሬ⃗ 𝟑 

𝒛ሬ⃗ 𝟎
𝟏

∧ 𝒚ሬሬ⃗ 𝟑 = ቆ𝒔𝒊𝒏𝜽 ∙ 𝒚ሬሬ⃗ 𝟐 + 𝒄𝒐𝒔𝜽 ∙ 𝒛ሬ⃗ 𝟐
𝟑

ቇ ∧ 𝒚ሬሬ⃗ 𝟑 = 𝒔𝒊𝒏𝜽𝒔𝒊𝒏𝝋 ∙ 𝒛ሬ⃗ 𝟐
𝟑

− 𝒄𝒐𝒔𝜽 ∙ 𝒙ሬሬ⃗ 𝟑 

Ou : 

𝒛ሬ⃗ 𝟎
𝟏

∧ 𝒚ሬሬ⃗ 𝟑 = 𝒛ሬ⃗ 𝟎
𝟏

∧ ቆ−𝒔𝒊𝒏𝝋 ∙ 𝒙ሬሬ⃗ 𝟏
𝟐

+ 𝒄𝒐𝒔𝝋 ∙ 𝒚ሬሬ⃗ 𝟐ቇ = −𝒔𝒊𝒏𝝋 ∙ 𝒚ሬሬ⃗ 𝟏 − 𝒄𝒐𝒔𝝋𝒄𝒐𝒔𝜽 ∙ 𝒙ሬሬ⃗ 𝟏
𝟐

 

𝒅𝑨

𝒅𝒕
= −𝒃𝝍̇𝜽̇𝒄𝒐𝒔𝜽  𝒅𝑩

𝒅𝒕
= 𝝀̈   𝒅𝑪

𝒅𝒕
= 𝒃𝜽̈ 

𝒅𝑫

𝒅𝒕
= 𝒄ൣ𝜽̈𝒔𝒊𝒏𝝋 + 𝜽̇𝝋̇𝒄𝒐𝒔𝝋 − 𝝍̇൫𝜽̇𝒄𝒐𝒔𝜽𝒄𝒐𝒔𝝋 − 𝝋̇𝒔𝒊𝒏𝜽𝒔𝒊𝒏𝝋൯൧  𝒅𝑬

𝒅𝒕
= 𝒄൫𝝋̈ − 𝝍̇𝜽̇𝒔𝒊𝒏𝜽൯ 

 
 

 1/0 2/1 3/2 
Liaison 

normalisée Pivot glissant d’axe (𝑶, 𝒛ሬ⃗ 𝟎) Pivot d’axe (𝑩, 𝒙ሬሬ⃗ 𝟏) Pivot d’axe (𝑪, 𝒛ሬ⃗ 𝟐) 

Torseur 
cinématique ൛𝑉ଵ/଴ൟ =

⎩
⎨

⎧
𝝍̇ ∙ 𝒛ሬ⃗ 𝟎

𝟏

𝝀̇ ∙ 𝒛ሬ⃗ 𝟎

𝟏 ⎭
⎬

⎫

ை௢௨஺

 ൛𝑉ଶ/ଵൟ = ቐ

𝜽̇ ∙ 𝒙ሬ⃗ 𝟏

𝟐

𝟎ሬ⃗

ቑ

஻

 ൛𝑉ଷ/ଶൟ = ቐ

𝝋̇ ∙ 𝒛ሬ⃗ 𝟐

𝟑

𝟎ሬ⃗

ቑ

஼

 

 
Expression de 𝑽𝑫,𝟑/𝟎

ሬሬሬሬሬሬሬሬሬሬሬሬ⃗  par composition des mouvements + champ des vecteurs vitesse 
 

𝑽𝑫,𝟑/𝟎
ሬሬሬሬሬሬሬሬሬሬሬሬ⃗ = 𝑽𝑫,𝟑/𝟐

ሬሬሬሬሬሬሬሬሬሬሬሬ⃗ + 𝑽𝑫,𝟐/𝟏
ሬሬሬሬሬሬሬሬሬሬሬሬ⃗ + 𝑽𝑫,𝟏/𝟎

ሬሬሬሬሬሬሬሬሬሬሬሬ⃗  
 
𝑽𝑫,𝟑/𝟐
ሬሬሬሬሬሬሬሬሬሬሬሬ⃗ = 𝑫𝑪ሬሬሬሬ⃗ ∧ 𝜴ሬሬ⃗ 𝟑/𝟐 = −𝒄. 𝒙ሬ⃗ 𝟑 ∧ 𝝋̇ ∙ 𝒛⃗𝟐

𝟑

= 𝒄𝝋̇ ∙ 𝒚ሬ⃗
𝟑
 

𝑽𝑫,𝟐/𝟏
ሬሬሬሬሬሬሬሬሬሬሬሬ⃗ = 𝑫𝑩ሬሬሬሬሬ⃗ ∧ 𝜴ሬሬ⃗ 𝟐/𝟏 = (−𝒄. 𝒙ሬ⃗ 𝟑 + 𝒃. 𝒛⃗𝟐) ∧ 𝜽̇ ∙ 𝒙ሬ⃗ 𝟏

𝟐

= 𝜽̇ ൬𝒄𝒔𝒊𝒏𝝋 ∙ 𝒛⃗𝟐

𝟑

+ 𝒃. 𝒚ሬ⃗
𝟐
൰ 

𝑽𝑫,𝟏/𝟎
ሬሬሬሬሬሬሬሬሬሬሬሬ⃗ = 𝑽𝑨,𝟏/𝟎

ሬሬሬሬሬሬሬሬሬሬሬ⃗ + 𝑫𝑨ሬሬሬሬሬ⃗ ∧ 𝜴ሬሬ⃗ 𝟏/𝟎 = 𝝀̇ ∙ 𝒛⃗𝟎

𝟏

+ ൫−𝒄. 𝒙ሬ⃗ 𝟑 + 𝒃. 𝒛⃗𝟐 − 𝒂. 𝒚ሬ⃗
𝟏
൯ ∧ 𝝍̇ ∙ 𝒛⃗𝟎

𝟏

 

= 𝝀̇ ∙ 𝒛ሬ⃗ 𝟎
𝟏

− 𝒄. 𝒙ሬሬ⃗ 𝟑 ∧ 𝝍̇ ∙ 𝒛ሬ⃗ 𝟎
𝟏

+ 𝝍̇ ∙ ቆ−𝒃𝒔𝒊𝒏𝜽 ∙ 𝒙ሬሬ⃗ 𝟏
𝟐

− 𝒂 ∙ 𝒙ሬሬ⃗ 𝟏
𝟐

ቇ 

= 𝝀̇ ∙ 𝒛ሬ⃗ 𝟎
𝟏

+ 𝒄𝝍̇ ቆ−𝒔𝒊𝒏𝜽𝒄𝒐𝒔𝝋 ∙ 𝒛ሬ⃗ 𝟐
𝟑

+ 𝒄𝒐𝒔𝜽 ∙ 𝒚ሬሬ⃗ 𝟑ቇ − 𝝍̇ ∙ (𝒃𝒔𝒊𝒏𝜽 + 𝒂) ∙ 𝒙ሬሬ⃗ 𝟏
𝟐

 

Ou : 

= 𝝀̇ ∙ 𝒛ሬ⃗ 𝟎
𝟏

+ 𝒄𝝍̇ ቆ𝒄𝒐𝒔𝝋 ∙ 𝒚ሬሬ⃗ 𝟏 − 𝒔𝒊𝒏𝝋𝒄𝒐𝒔𝜽 ∙ 𝒙ሬሬ⃗ 𝟏
𝟐

ቇ − 𝝍̇ ∙ (𝒃𝒔𝒊𝒏𝜽 + 𝒂) ∙ 𝒙ሬሬ⃗ 𝟏
𝟐

 

On retrouve alors l’expression de 𝑽𝑫,𝟑/𝟎
ሬሬሬሬሬሬሬሬሬሬሬሬ⃗  déterminée en Q3. 

 

൛𝑉ଷ/଴ൟ =

⎩
⎨

⎧
𝝍̇ ∙ 𝒛⃗𝟎

𝟏

+ 𝜽̇ ∙ 𝒙ሬ⃗ 𝟏

𝟐

+ 𝝋̇ ∙ 𝒛⃗𝟐

𝟑

𝝍̇(𝒂 + 𝒃𝒔𝒊𝒏𝜽) ∙ 𝒙ሬሬ⃗ 𝟏
𝟐

+ 𝝀̇ ∙ 𝒛ሬ⃗ 𝟏 + 𝒃𝜽̇ ∙ 𝒚ሬሬ⃗ 𝟐 + 𝒄൫𝜽̇𝒔𝒊𝒏𝝋 − 𝝍̇𝒔𝒊𝒏𝜽𝒄𝒐𝒔𝝋൯ ∙ 𝒛ሬ⃗ 𝟐
𝟑

+ 𝒄 ∙ ൫𝝋̇ + 𝝍̇𝒄𝒐𝒔𝜽൯ ∙ 𝒚ሬሬ⃗ 𝟑
⎭
⎬

⎫

஽
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Δ𝜆 = ∫ 𝜆̇(𝑡). 𝑑𝑡

௧ୀ ೝ்ାଶ௧ೝ

௧ୀ଴
  soit l’aire sous le profil 

de vitesse en trapèze. 
 
Donc Δ𝜆 = 𝑉௠௔௫(𝑡௥ + 𝑇௥) = 6 m. 

Donc départ = 0 +  = 12 m. 

 

 
 
 
 
 
  

Vmax / tr = 1 m.s-2 

-1 m.s-2 

0 = 6m 

départ 

 
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