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ENGINEERING DESIGN & ANALYSIS 2 (M2H721926) — Torsion Theory

Torque

Torque is defined as the turning or twisting effect of a force about a point around which it

rotates. Referring to the figure, the torque T produced by the tangentially acting force F is the
product of the force and the radius r at the point of force application, i.e.

T=Fr (Nm)

Power and Torque

If a shaft transmits power at rotational speed of N (rev/min), the torque 7 (Nm) carried by the
shaft is given by:

Power = work done by torque per second

= torque x angular speed
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Alternatively, since @ = % , then the transmitted power can be calculated from [P = T
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Theory of Torsion
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Other useful arrangements of this formula are as follows:

GJ
T= 2, 6= L and  stiffness = r_=%
J GJ 0 L
4 4 g4
Note: J = 7[;]2 for a solid shaft, J = % for a hollow shaft and J = 2xr’t for a thin-

walled shaft or tube.

Some important points should be noted —
1. The angle of twist @ varies directly with length /.

2. Since t = Tr/J, for a given torque 7 the shear stress T is proportional to the radius r.
Thus the maximum shear stress occurs at the outside surface where » = d/2, and the
shear stress at the centre of the shaft is zero. The figure shows the variation of ©
across a diameter.
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Variation of 7 with Radius r.
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