
    
 

 

 

 

Equilibrium: 

a) Shaft (3) is free at end D. ⇒ 𝑇𝑇3 = 0   

Connector C:                                       𝑇𝑇3 + 2𝑇𝑇 − 𝑇𝑇2 = 0 ⇒ 𝑇𝑇2 = 2𝑇𝑇                                           (1) 

Connector B:                                       𝑇𝑇2 − 𝑇𝑇1 = 0 ⇒ 𝑇𝑇1 = 𝑇𝑇2 = 2𝑇𝑇                                            (2) 

Where, 𝑇𝑇1,𝑇𝑇2,𝑇𝑇3 are the torques carried by the three shafts. 

Polar moments are represented here as Ji. (They can also be denoted as Ip) 

b) 𝜃𝜃1 = 𝑇𝑇1𝐿𝐿1
𝐺𝐺1𝐽𝐽1

= (2𝑇𝑇)(𝐿𝐿)
(2𝐺𝐺)(𝐽𝐽1)

= 32𝑇𝑇𝑇𝑇
𝜋𝜋𝜋𝜋𝑑𝑑4

;                                𝜃𝜃2 = 𝑇𝑇1𝐿𝐿1
𝐺𝐺1𝐽𝐽1

= (2𝑇𝑇)(1.5𝐿𝐿)
(𝐺𝐺)(𝐽𝐽2)

= 96𝑇𝑇𝑇𝑇
65𝜋𝜋𝜋𝜋𝑑𝑑4

 

, where 𝜃𝜃1,𝜃𝜃2 are rotations between the ends of shafts (1) and (2) respectively. Note that 𝜃𝜃3 = 0, 
since torque carried by shaft (3) is 0. 
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Compatibility: 

𝜃𝜃𝐴𝐴 = 0        (𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤)                                                               (3)  

𝜃𝜃𝐵𝐵 = 𝜃𝜃𝐴𝐴 + 𝜃𝜃1 = 𝜃𝜃1                                                              (4)  

𝜃𝜃𝐶𝐶 = 𝜃𝜃𝐵𝐵 + 𝜃𝜃2 = 𝜃𝜃1 +  𝜃𝜃2                                                   (5)  

𝜃𝜃𝐷𝐷 = 𝜃𝜃𝐶𝐶 + 𝜃𝜃3 = 𝜃𝜃𝐶𝐶                                                               (6)  

From (4): 𝜃𝜃𝐵𝐵 = 32𝑇𝑇𝑇𝑇
𝜋𝜋𝜋𝜋𝑑𝑑4 

From (5): 𝜃𝜃𝐶𝐶 = 𝜃𝜃𝐵𝐵 + 𝜃𝜃2 = 32𝑇𝑇𝑇𝑇
𝜋𝜋𝜋𝜋𝑑𝑑4 + 96𝑇𝑇𝑇𝑇

65𝜋𝜋𝜋𝜋𝑑𝑑4 = 2176
65

𝑇𝑇𝑇𝑇
𝜋𝜋𝜋𝜋𝑑𝑑4 =  𝜃𝜃𝐷𝐷 
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