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Torsion is the twisting of an object due
to an applied torque.

Torsional deflection is the angular
displacement or deformation of a body
when a twisting force is applied.



-_ '] ]

1)The material of the shaft should be
homogenous and isotropic.
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2)The cross section perpendicular to the
longitudinal axis of the shaft remains
perpendicular to the shaft even after the
application of torque
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3) Surface elements of the cylinder remain
straight even after twisting takes place.




o e

Py ~ —
! et et Dt md el P | B B

4)A typical rectangle such as IFGH will take
the shape of a parallelogram I'F'G'H’

after twisting.The amount of angular
distortion is given by angle y which
represents shear strain.

Thus,
Y=r0/L
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5) Length of longitudinal elements remain
constant under action of external torque.




A

)

)
€
=
)

- - -
~ ==\ PJLE

6) Hooke’s Law relates shear stress to
shear strain.
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Let us consider that the shaft is subjected toshear stress. Nowif we
consider any radial position , P of an element OA of the shaift
,then by assumption 4, we have

Y=Y,p= p0O/L |
As p=r at the periphery, ' |

v=y,= ro/L

S0,y =plr veee(1)




From assumption 6,

T=G v wheret is Shear stress ,y is Shear strain and G
is modulus of rigidity.

T,/ T =Y, [ Y eenn(2)

Where 1 , is shear stress at point A on shaft Cross
section.

From (1) and (2),

T,/ T,= p/r .....(3)



Thus shear stress varies linearly with radial distance.
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Nowto correlate shear stress with torque T let us consider

a typical cross section of the solid circular shaft.
i >dp




If wefocus on annular differential area weget

dA=2npdp
If shear stress aaused by extemal torque T on this elementual strip
ist, then differential force acting on area dA is df,which is
given by, ‘
dF=1, dA =1, X 2npdp
Differential torque dT is

dT=pdF= p X 1, X 2wpdp ....(4)

dp
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Putting  , from equation (3)

dT=2nrp3t/r dp =(t,/r)27p 3 dp

Integrating both sides,

J ,TdT =2z (z,/r)], "p3 dp

T=2n(t/r) X (r4/4)= z /r(ar*/2)= 1 JdIr

J= 7wr*/2=Polar momentof inertia of circular cross sectional area

Thus, T = t . J/r andsot =Tr/J ....(5)

This is the desired relation betweenshear stress and extemal
torque.
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Weshall nowfind relation betweenangle of twist © and applied
torque.By hooke’s low, T =Gy,

Sot,=Gro/L veee(6)

From (5) and (6),

Tr/J=Gro/L

Rearranging, © =T L/GJ ...(7)

T/J=GO/L =t/r ....(8)

This is the required Torsion Equation for acircular shaft
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On putting J=7t(d*)/32 and J= 7t(d24 -d14)/32
in the torsion equation for solid and hollow shaft
respectively we get
0=TL/(G m(d*)/32 ) [FOR SOLID SHAFT]

2) 0=TL/( G n(d24-d14)/32 )
[FOR HOLLOW SHAFT]
0 is the torsional deflection or angle of twist
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shaft and

prevented.




