4-1. A vertical random force P ~ N(600,50%)Ib acts on a shaft as shown in the following figure.
The sleeve bearing at A and B support only vertical forces. The diameter of the shaft is d =1.5in
and the allowable bending stress of the shaft is S, ~ N (26, 3%) ksi . Determine the probability of

failure of the shaft.
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Solution

The free-body diagram of this shaft is shown in Fig. 1. The shear and moment diagrams are shown
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in Fig. 2.
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Q +IM, =0, F,;(200-P(30)=0, F,=15P
Q =My =0, F,(20)-P(10)=0, F,=05P

As indicated in the moment diagram, M, =10P.

The moment of inertia of the cross section about the neutral axis is | = G_’Zd“.
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since c= 4,5 = - _ 37 _=302P.
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SetY=S,-S, . then Y ~N(y, o), where

py =t — s = pts —30.241, = 26x10° —30.2(600) = 7880 psi

oy =0 +(30.2) of = \j(sooof +(30.2)" (50°) = 3358.59 psi

The probability of failure of the shaft is then given by

3358.59

p, =Pr (Y <O):pr[Y_—'uY<ﬂ]:(D[_ﬂY]:CD( —7880 j:<1)(—2.346)=0.0095.
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