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Answer: 
 
 
Torsion is the twisting of a structural member about its longitudinal axis when subjected to a 
torque or twisting moment. 

 
 This causes shear stresses to develop over the cross-section of the member, which vary 

linearly with the distance from the center (zero at the center, maximum at the outer 
surface). 

 Torsion also produces an angular displacement (angle of twist) along the member’s length. 
 
Example: A rotating shaft transmitting power from an engine to a machine experiences torsion. 

 
 

  
 

Answer: 
 
The following assumptions are made while deriving the torsion equation 

 

 
  

1. Material is homogeneous and isotropic 
o The shaft material has the same properties in all directions and is uniform throughout. 

2. Elastic behavior (Hooke’s law is obeyed) 
o Stresses are within the elastic limit; shear stress is directly proportional to shear 

strain. 
3. Uniform twist along the shaft 

o The shaft twists uniformly; every cross-section rotates through the same angle per 
unit length. 

4. Plane cross-sections remain plane 
o Any cross-section that is plane before loading remains plane after twisting (no 

warping). 
5. Cross-sections remain circular 

o The circular section does not change its shape (remains truly circular, not oval). 
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6. Radial lines remain straight 

o A radial line on the cross-section before twisting remains straight after twisting (only 
rotates). 

7. Shear stress acts tangentially 
o Shear stress on a cross-section is purely tangential and uniformly distributed along 

the circumference at a given radius. 
8. No effect of bending or direct shear 

o The shaft is subjected only to torque; bending moments or axial forces are absent. 
 

 
  

 
Answer: 

 
The polar section modulus is a measure of the strength of a shaft in torsion. 
It is defined as: 
 

 
Where: 

 J = Polar moment of inertia of the section 
 r = Outer radius of the shaft 

 
For a solid shaft: 
 

 
  
For a hollow shaft: 
 

 
  
Thus, polar modulus represents the torque-carrying capacity per unit shear stress. 
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Answer: 

 
Hollow shafts are preferred because: 
 

1. Material Saving – For the same torque transmission capacity, a hollow shaft uses less 
material than a solid shaft → reduced weight and cost. 
 

2. Better Strength-to-Weight Ratio – Since most shear stress is near the outer surface, 
removing material from the core does not reduce strength much. 
 

3. Higher Torsional Rigidity per Weight – Hollow shafts give comparable stiffness with less 
weight. 
 

4. Design Flexibility – Hollow shafts can be used to pass lubricants, electrical wires, or control 
rods through the center. 
 

5. Better Dynamic Performance – Lower weight reduces inertia and improves balancing in 
rotating machinery. 

 
Hence, hollow shafts are widely used in automotive drive shafts, propeller shafts, etc. 
 
 

       
 

  
 

 
 

Answer: 
 

 
 
Find: Minimum outer diameter DDD satisfying both stress and twist limits. 
 
Torque from power 
 

 
 

= 3.581×107 N\mm. 
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(a) Stress condition 
 

 
 

 
 

 
 
(b) Twist condition: 
 

 
 

 
 

 
 
Answer (Q5):  

 
 

 
  

 
 

 
 

 
 

 
Answer: 
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Find: Diameter D; angle of twist θ over 3 m. 
 
Torque: 
 

 
 

= 7.162×106 N\mm, 
 

Tmax = 1.3 Tmean = 9.311×106 N\mm. 
 
Diameter (stress at Tmax): 
 

 
 
Adopt D=90 mm. 
 
Angle of twist (use mean torque for service twist): 

 
Answer (Q6):  

 
 
 

  
 

   
 

 
 

 
Answer: 

 

 
 
Find: (i) maximum shear stress, (ii) angle of twist (degrees). 
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Torque: 

 

 
 

= 7.162×106 N\mm. 
 

(i) Shear stress (solid): 
 

 
 

(ii) Angle of twist: 
 

 
 

Answer (Q7):  

 
 

 
 

  
 

  
 

 
 

 
 

Answer: 
 

 
 
Asked: “Find the section which satisfies both shear stress and twist conditions.” 
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Torque: 

 
 

=3.183×107 N\mm, 
 

Tmax = 1.15 Tmean = 3.661×107 N\mm. 
 
(a) By shear stress at Tmax: 
 

 
 
Hence D≈167 mm, d=kD≈111 mm. 
 
(b) Twist condition needs an allowable twist over a given length LLL (not stated in the snap). 
Nevertheless, for the above section the twist per metre at Tmax is: 
 

 
  

 
 
Answer (Q8): A section D≈167 mm, d≈111 mm satisfies the stress limit; stiffness is satisfactory 
provided the required twist limit/length falls within the above check (or compute Dstiff with your 
specific L, θ\allow). 
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Answer: 

 
Given: Replace a solid shaft by a hollow one with inside diameter =0.6 D (same material, same 
torque & speed). 
Asked: Percentage material saving. 
Let the hollow shaft have outer D, inner d=kD with k=0.6. Equating torque capacities at the same 
τ\allow: 
 

 
 

 
 
Material ratio: 

 
  

 
 
 

 
                 

 
 

 
  

 
 

 
Answer: 

 

 
 
Find: Suitable diameter D meeting both stress and twist limits. 
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Torque: 

 
=5.013×105 N\mm 

 
Tmax = 1.36Tmean = 6.818×105 N\mm. 

 
(a) Stress (at Tmax): 
 

 
 

(b) Twist (use mean torque):  
 

 
 

 
  

 
Adopt D=55 mm (standard). Check: 
 

 
 
Answer (Q10):  

 
 
 

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 
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Short formula sheet you can copy (for quick checks): 
 

 
 

 


