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Stability problem of a conical shell with a variable 
wall thickness subjected to torsion 

T. GALKIEWICZ (L6DZ) 

THE PAPER is dealing with the stability problem of a conical shell with a linear variable wall 
thickness (h = p,s) and simply supported edges, subjected to torsion. The elaboration is valid 
for conical sheJJs with a moderate apex angle. The expression for the deflection of the shell is 
shown in the formula (1). By solving of the problem, Ritz approximate method was used. It is 
shown that by applying relatively simple formulae obtained by the author, the upper critical 
stress (3), and the number of arising on the circumference waves (2) may be deteimined. 

THE AIM of this paper is to find an approximate solution of the linear problem of stability 
of a conical shell with linearly variable wall thickness subject to a torque M 0 • The shell 
considered is orthotropic and has a moderately large vertex angle. The wall thickness is 
assumed to increase proportionally to the distance s measured from the vertex. The so
lution is obtained by means of the Ritz method. 

1. Notations 

s 1 , s2, L, R" R2 dimensions shown in Fig. 1, 
rt the angle between the generators and the plane perpendicular to the axis, 

s, rp coordinates defining the position of an arbitrary point of the middle surface 
of the shell, 

FIG. 1. 
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p, coefficient of proportionality characterizing the shell thickness, 
h = f.tS shell thickness at a distance s from the vertex, 

E' Young's modulus along the generators, 
E" Young's modulus in the circumferential direction, 

v', ,,, Poisson's ratios, respectively, 

FIG. 2 

Ms torque; z = ln(s/s1); ns number of waves along the periphery; p a parameter 
characterizing the slope of nodal lines, 

/ 1 maximum deflection of the deformed shell, 
K=:r/ln(s2/s 1). 

2. Analysis of the deflection surface 

Deflection of the shell after buckling is represented by the function 

(1) w =/1 sin(Kz)sin[ns((}?-pz)]. 

Concavities of the deformed shells form screw-like lines and their maxima occur not at 
s = (s1 +s2 )/2, but at slightly smaller values of s. This phenomenon is more clearly 
manifested at increasing values of the ratio s2 js1 • The function (1) describes the deflection 
surface fairly well and satisfies the conditions of simple supporting of the edge approxi
mately. 

3. Results of the solution 

The problem is solved by a method similar to that used in [1] to yield the number ns 
of waves formed along the periphery after buckling of the shell, 

(2) [ 
.. I E' tgC< 11/4 

n, = 4.02 V E" (1-•'>'') I'( In ~: r . cos a 
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and the upper critical torque Mko 

E' (s1 s~)2 

(3) M 9 17 [ E' ]
518 

-. / s yu.9 sin3 cxcos5 cx . 
ko = · E" (1-v'v") (s 1 +s2 ) Jl In s: ' 

The solution applies to such shells in which 1 ~ s2 /s1 ~ 2 and 70° ~ ex ~ 90°. In cylindri
cal and conical shells of constant wall thickness the critical load evaluated from experi
ments is 15%-20% smaller than the upper critical load. Analogically, it might be expected 
that the lower critical torque of the shells considered here will also be 15%-20% smaller 
than the result given by the Eq. (3). 

The formulae for ns and Mko may be reduced to the form 

(4) 

Here, ns(h=ps
1

) is the number of waves along the periphery, Mko(h=IJst)- the uppet 
critical torque of a conical shell differing from the one considered only by the constanr 
thickness h = p,s1 • From to the formulae (4) it becomes evident that variable wall thick
ness of the shell bears influence on the solution. 
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