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The prohlem of  stress distrihzrtio~? resulting j h m  the Shhk - l i t  applied on 
on infinitely long cylinder hav heen anal;;seil. Using Fourier i n t e~ra l  method, tire 
problem is reduced to the solurion q f  a pair o f  dun1 infegral cqu~ t iom,  whieh are 
reduced to series sultrtion of u Freclhoim equation finally. Bousinesq-ATeubrr three 
function theory has heen employed for .stress-analysi,~. 

Many boundary value problems connected with a solid cyllndcr have 
heen solved using classical techniques. Solutions for the infinire solid 
elastic cylinder with the given tractions of various lypes have been given by 
Filon', Focppl' and Frcudentlial? Tranter and Craggs4 have given the solution 
for an infinite sohd cylinder subjected to  a normal stress over half of its length 
which is a fundamental problem in elasticity. In all the above problenis 
surface tractions are prescribed. Sparcnbcrg5 has recently solved a different 
kind of problem-a shrink-fit or indentation problem in which an infinite 
cylinder is subjected to  an unit displaccrnent over half of its length and 
traction-free over the remainder. It is the  purpose of the present analysis to 
present a solution for an infinite solid shaft, the surface of which 1s 
traction free except for a band which is subjected to a prescribed rndiel 
displacement. 

The coordinate system employed is show11 in Fig. 1. According to the 
Boussines-Ncuber three function theorem [6.7], the displacements will satisfy 
the equaiibriiim condlilons of elasticity theory if they are represented by the 
potential fields +,. $, and +, as follows : 

2&1= -iiF,'i.lz 

2Gv- - ( l / r )  (aFIa8)-4  (1 - P )  (+, sin 0-p ,  cos 6') 

2Gw- - a F / a r t 4  ( 1  - / A )  (rp, cos B++, sin 0) [ I ]  
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FIG. 1 
Geometry and co-ordinate axes 

F - + , f r ( p ,  c o s 6 + + ,  smB) 

where Y 7 2 5 h , = T 7 Z $ Z = ~ 3 p 3 = 0  

(u, v, 19) ; Displacements in r, 8 ,  z  directions 

12, 6 :  Palsson's Ratio & Shsar n~odulus 

The stress field associated with Eqs. 1 & 2 1s of the form 

U,=P v2  ~ - ( a ' ~ / a r ' )  + 4  (1 -P) [(a +,/ar) cos 8 t (a @,b) sin $1 
U ~ = Y  ~ ' F - ( l / r )  (aF/ar)c[4(1- p)/r] (+z cos 0 i - @ 3  sit' 0) 

u,=M ~ ~ F - ( a ~ F / a z ~ )  

T,,= - ( a 2 ~ / a r  az) + 2  (1 - P )  [(a+,/az) cos O+(a $ , / a ~ )  sin 0) P I  

On the the curved boundary, r = a ,  throughout the length, it is assumed 
that 

T,,=o 141 

w - 8 ,  a constants for jz] 5 I and R , = O  for 121 > I PI 

it., the curved boundary has a shrink-fit type ax~symmerric radial displ.lce- 
m n t  for a length 2 I. 

3. THE SOLUTION 

The three-funcixons +,, p2, g, are considered in the following form: 



in which A ( a ) ,  B ( a )  are functions of a, and I, ( a  T), I,  ( a  r) are Modified 
Bessel functions of first kind and order zero and one respectively. The 
expressions for stresses and displacemenls, using Eqs. [GI, [ I ]  and [3] are : 

a 8  = J [ A  (u ) .  { - I ,  ( a r ) / a r j  I - B  ( a )  {4(1   air I, ( a r )  
0 

- i - ( 2 p - l ) i , ( o l r ) ) ] c o s  o l z d a  [7] 

Substituting the boundary condition Eq. [4], 

A (ar)=B(a) [2 (1-p)-ol a*& ( aa ) / l ,  ( c~u) ]  I91 

Putting in tne boundary condition that 

a,Ir=,,=O for I z l > l o n e g e t s  

j ~ ( u ) c o s a z d o l - ~  for l z l > t  

The remaining condition to be satisfied is 

w],=,=6 for 1 z i e 1 



Then iipoii substitution, one gets, 

Hence the prohlem reduces lo ilie solution o f  the pair of du:il intepr.31 
Eqs. [ lo]  & [ I  I ]  

For simplicity a and I are taken to be unities. In Eqs. 10 and 11 the 
unknown i s  f (a) or A ( a ) .  Since the  surface traction n,j ,_,  and not f ( a )  
is of direct inkiest,  the roriner i s  expanded in series o f  Legendre Poly- 
nomialse as foilowa9 : 

The problem is considc~ed solved when the constants a,, are determined 
Eq. 12 ~denttcally sat~sfies the first mtegral equation 10. Then it Sollowsl~ihat 

The second integral equation then becomds 

'The dual integral eqs, 10 and i 1 have now been reduced lo Eq. 15 in which 
t i e  u's are the uok~~owns. Ey. 15 is ident~cal In form with the seriei sohiinn 
of a Fredholm integral equation of the first kiiid and Schlnidt method can he 
sdoplcd for its solution. 
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