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Torsional Shear Stress

When a machine member is subjected to the action of two
equal and opposite couples acting in parallel planes
(or torque or twisting moment), then the machine member
is said to be subjected to torsion. The stress set up by
torsion is known as torsional shear stress. It is zero at the
centroidal axis and maximum at the outer surface.
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(or torque or twisting moment), then the machine member
is said to be subjected to torsion. The stress set up by
torsion is known as torsional shear stress. It is zero at the
centroidal axis and maximum at the outer surface.



Consider a shaft fixed at one end and subjected to a torque
(T) at the other end as shown in Figure. As a result of this
torque, every cross-section of the shaft is subjected to
torsional shear stress. The maximum torsional shear stress at
the outer surface of the shaft may be obtained from the
following equation:





In case of a hollow shaft with external diameter (do) and
internal diameter (di), the polar moment of
inertia,

In case of a hollow shaft with external diameter (do) and
internal diameter (di), the polar moment of
inertia,



to design a shaft for strength, the above equations are used.
The power transmitted by the shaft (in watts) is given by



Example(1): A shaft is transmitting 100 kW at 160 r.p.m.
Find a suitable diameter for the shaft, if the maximum
torque transmitted exceeds the mean by 25%. Take
maximum allowable shear stress as 70 MPa. a steady
tensile load of 45 kN.
Find the tensile stress induced in the link material at
sections A-A and B-B.





Shafts in Series and ParallelShafts in Series and Parallel

When two shafts of different diameters are connected
together to form one shaft, it is then known as composite
shaft. If the driving torque is applied at one end and the
resisting torque at the other end, then the shafts are said to
be connected in series as shown in Figure. In such cases,
each shaft transmits the same torque and the total angle of
twist is equal to the sum of the angle of twists of the two
shafts.
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1- Shaft in Series (Cont.)



2- Shaft in Parallel

When the driving torque (T) is applied at the junction of the
two shafts, and the resisting torques T1 and T2 at the other
ends of the shafts, then the shafts are said to be connected
in parallel, as shown in Figure. In such cases, the angle of
twist is same for both the shafts,



2- Shaft in Parallel (Cont.)







Notes : 1. The neutral axis of a section always passes
through its centroid.

2. In case of symmetrical sections such as circular, square
or rectangular, the neutral axis passes through its
geometrical centre and the distance of extreme fibre from
the neutral axis is y = d / 2, where d is the diameter in case
of circular section or depth in case of square or rectangular
section.

2. In case of symmetrical sections such as circular, square
or rectangular, the neutral axis passes through its
geometrical centre and the distance of extreme fibre from
the neutral axis is y = d / 2, where d is the diameter in case
of circular section or depth in case of square or rectangular
section.

3. In case of unsymmetrical sections such as L-section or
Tsection, the neutral axis does not pass through its
geometrical centre. In such cases, first of all the centroid
of the section is calculated and then the distance of the
extreme fibres for both lower and upper side of the
section is obtained. Out of these two values, the bigger
value is used in bending equation.



Example(2): A pump lever rocking shaft is shown in Figure.
The pump lever exerts forces of 25 kN and 35 kN
concentrated at 150 mm and 200 mm from the left and right
hand bearing respectively. Find the diameter of the central
portion of the shaft, if the stress is not to exceed 100 MPa.








