7.30 TORSIONAL LOADING

7.30.1 Torque
:.h:l;aft is said to be in torsion, when equal and opposite torques are applied at the two ends of the

t.

The torque is equal to the product of the force applied (tangentially to the ends of a shaft) and
radius of the shaft.

A torque causes twist or torsion in the member. Therefore, it is also known as twisting moment or
turning moment. Itis denoted by “T".

It the shaft is subjected to two opposite turning moments it is said to be in pure tension and as a
result, it has a tendency to shear off at every cross-section perpendicular to the longitudinal axis. So
the effect of torsion is to produce shear stress in the material of the shaft.

.2 Torsion Equation
The torsion equation is based on the following assumptions:
The material of the shaft is uniform throughout
The shaft is of uniform circular section throughout
Cross-section of the shaft, which are plane before twist remain plane after twist.
The twist along the length of shaft is uniform throughout.
The distance between any two normal cross-section remains the same after the application of

torque.
Maximum shear stress induced in the shaft due to application of torque does not exceed its elastic

limit value.
Consider a shaft fixed at one end AA’and free at the other and BB”as shown in Fig, 45.

OB N

Sh

// A’ /\ T

7 B |

z s ok

é/w// ! ) I
Cﬁ D D |

7 |

5 ' |

7

7 B

A4 5

I ﬂ*
()

(a)
Fig. 46



740 BASICS OF MECHANICAL ENGINEERING

Let T = Torque or twisting moment
R = Radius of shaft
I = Length of the shaft
1 = Shear stress
G = Modulus of rigidity of the material of the shaft.
0 = Angle of twist,
Leta line CD on the surface of the shaft take a new position CD’ after the application of torque.
Thus cross-sections will be twisted through angle g and surface by angle ¢.

Shear strain = 97"'2_

DD’
G, Ty
=¢ (If ¢ is very small than tan ¢ = ¢)
Shear strain, ¢ = 9?

Arc DD’ = OD x 0 = RO (" OD = R = Radius of shaft)

Shear strain, ¢ = BIQ ... (i)

Also Shear strain = . oNnear stress

Modulus of rigidity
. “
or g ... (if)
from Eq. (i) and (ii), we get
T _ RO
G |
or F ot
R i ... (iii)
e B2
Inagiven shaftkunder a given torque, G, 0, and | are constant.
T o=
1
or 2™ Cmmm .. (iv)

W an elementary circular ring of thickness ‘dr’ at a distance ‘r’ from the centre as shown in

Area of the ring = 2ny dr

Shear stress at radius r = . % r

Turning force or the elementary ci rctﬁar ring
= Stress x Area
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