Shaft Subjected to Bending Moment
Only

When the shaft 15 subjected to a bending moment only, then the maximum stress (tensile or
compressive) s given by the bending equation. We know tha
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where } = Bending moment,

[ = Moment of inertta of cross-sectional area of the shaft about the
axts of rotafton

0, = Bending stress, and

y = Distance from neutral ax1s to the outer-most fibre.
We know that for a round solid shaft, moment of mertia,
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Subshituting these values m equation (1), we kave
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From this equzhon, diameter of the solid shaft (d) may be obtamned

We also know that for a hollow shaft, moment of mertia,
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and y=d/1
A.gaiq substituting these values m equation (1), we have
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From this equation, the outside diameter of the shaft (d ) may be obtamed.



Shaft subjected to Combined Bending
And Twisting Moment

When the shaft 15 subjected to combmed twistng moment and bending moment, then the shaft
st be designed on the bams of the two moments simultanecusly. Vanous theones have been sug-
sested to account for the elashie faiture of the matenals when they are subjected to vanous types of
combined stresses. The following two theories are mmportant from the subject pomt of view :

1. Maxammm shear stress theory or Guest's theory. It 15 used for ductile matenals such as puld
steal,

1. Maammm nomal stress theory or Rankine's theory. It 15 used for bnftle matenals such as
cast won.

Let T = Shear stress induced due to twishng moment, and

(7, = Bendng stress (tensile or compressve) mduced due to bending
morment,

Arcordmg to maammm shear stress theory, the masammm shear stress i the shaft
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The expression ,,'_u! +T* 1s known as equivalent twisting moment and 15 denoted by T . The
equivalent twisting moment may be defined as that taistine moment, which when acting alone, produces
the same shear stress (T) as the actual twistng moment. By lmuting the maawnm shear stress (T__)
equal to the allowable shear stress (T) for the matenal, the equation (1) may be wntten as
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From thas expression, diameter of the shaft { 4 ) may be evaluated.
Now according to maxmum normal stress theory, the maxammm normal stress m the shaft,
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Thee:pmsinn;[ﬂrfﬂwz +P}] is known a5 equivalent bending moment and 15 denoted

by M,. The Emmalaur_bauﬂingmunmi may be defined as that moment which when acting alone
produces the same tensile or compressive stress () as the actual bending moment. By lmuting
the macomum normal stress [ﬁﬂ{ )]Equaltuﬂ:lz allowable bendmg siress (17, ), then the equation (7v)

may be witten as | |
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From this expreszion, diameter of the shaft { 4 ) may be evaluated.
Notes: 1. Incase of a hollow shaft the aquations (i) and (v) may be writlen &
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