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Structural Mechanics I

CE  203-KFUPM-021

Summary of lectures 16-19: Torsion of Circular Shaft & Power Transmission Shafts


Torsion: is an act of twisting of a structural member about its longitudinal axis (as shown in Fig. 1 below) by a torque T= M@ x-axis. 

Angular Deformations: The study of kinematics (geometry) of deformations leads to the relationships between angle of twist x) and shear strain (x).
Fig. 1:


on dA 
It is readily verified that rr/remaxThen from Hooke’s law G, it is seen that:

rr/remax. 

Non-zero stress and strain: Using the cylindrical coordinate (x, r, a circular section under pure torsion it is experimentally verified that all normal strains x, r and the shear strains xr, rare identically zeros. The only non-zero stress and strain are x, xsee Fig.2 below].
Torsion Formula: The relationship between shear stress and internal torque Tint is obtained from statical equivalency where:

Since  (r) = dF/ dA; ( dF= (r) dA and this causes a torque 

dT = dF . r = (r) dA . r = r2 /remax dA

           ( Tint = ∫ dT = 1//remax  ∫ r2 dA = J/ [re max] ( max  = Tint re/ J.

Generally:  

 (r)  = Tint r/ J,

where: J is the polar moment of inertia for a circular section = D4/32 where D is the diameter of the bar.
Power Transmission Shafts:  The power created by a machine is designated P. It is the time rate (i.e. derivative w.r.t time) of doing work W. The work done by a torque T is an angular work W = T . [ angular displacement x) ] = T x)  ( P = dW/dt = T 

           (Tint = P/units of  is; rev/min; 1 rev = 2radians
Units of power: Horse-power  (HP), or Watts units: N.m/sec= 1 Watt. One HP = 550 lb.ft/sec, and One HP = 746 Watts.

The following examples illustrate calculation of Tint, the torsion effects on shafts including transmission of power by a system of gears.
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on dA





Element with shear stress r) on area dA.





A hollow cross section with radii re, and ri





The shaft





x





Fig. 2:





T= M@ x-axis
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