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1. Introduction

Classical cylindrical pressure vessel is mostlgetbby torispherical or ellipsoidal heads. These
heads ensure good capacity but disturb the memlstaess state at the region of the joint with
cylindrical shell. This stress disturbance is cdusg discontinuity of meridian principal radius of
curvature of middle surfaces of these heads. M@eaw torispherical head there is an additional
discontinuity of radius of curvature between sptedrand knuckle parts. Few references related
mainly to the design optimization of the vesselchase mentioned below. Magnucki and Laski
[1] have found a shape of the head that ensurégllitsharge with stresses and has minimal relative
convexity. Carbonari et al. [2] have discussed sh@mtimization of axisymmetric pressure vessels
considering an integrated approach in which theeptessure vessel model is used in conjunction
with a multi-objective function that aims to minirei the von-Mises mechanical stress from nozzle
to head. Kruaelecki and Proszowski [3] have sought the optirhalpgs of meridian profiles, which
minimize the design objective containing both degtid capacity of a constant thickness closure
under geometrical and strength constraints.

2. Analytical study

This paper is focused on optimal stresses distabun the vessel head. A proposed head
profile consists of two arcs. The shape of the elegeometry is shown in Fig. 1. The meridional
profile is formed by a circular arc AB and a splmeve BC. The radius of the cylindrical part and
the depth of the head are denotedlandb, respectively. The considered vessel is shebwablution
with constant thicknessand is subjected to a uniform internal pressyre
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Fig. 1. The geometry of the vessel

The shape of middle surface of head is definedubyec

N (x) for x € [0,by]
(1) r(x) = {ri(x) for x € [bg,b]



The spherical part is described by ciraie(x) = (b — x)y/2Ro/(b —x) — 1, whereR,
denotes the radius of circle. The spline part &dbed by spline curve(x). The number of spline
knots is not fixed and depends of a relative deptlk b/a. The continuity and smoothness
assumptions of the meridional principal radius wivature give following requirements;(0) = a,
15'(0) =0, 75""(0) =0, 15(bo) =1c(bo), 75'(bo) =71¢(bo), 75" (bo) =7¢"(bo), 75'(x) <0 for
x €[0,by], 15'"(x) <0 for x €0, by].

The meridional (longitudinaly,, and latitudinal (circumferentiay, stresses of the head are

_1R(®) _ 1Ri (%) _ R
(2) ou(x) = 2 ¢ Po a.(x) = 2 t PO (2 Rm(X)) '

whereR,,(x) andR;(x) are meridional and latitudinal radii of curvaturespectively.

<1+(r'(x))2)3/2 /2
3 Ry(x) = I and R;(x) =r(x) (1 + (r'(x)) ) .
The equivalent stresses is head are as follows
head (5 = 1RL®) _qR® | (ROY?
(4) Oeq () = 2t po\/3 3 Ry(x) + (RM(x)) '

The equivalent stresses in cylindrical shell eqoal
cyl _ V3a
(5) Oeq (x) - 7?290

The objective of optimization is to minimize valokrelative depthf under following strength
constrainto ¢4 (x) < a,ff{l(x). Hence, the shape of the head geometry shoultidsen so that the

equivalent stresses (Huber—Mises) in the whole lteadot exceed the equivalent stresses in the
cylindrical part.

3. Summary

The mathematical model of the two-arc head has deewed. The numerical study of strength
of cylindrical pressure vessel has been carriedThe optimal shape of head with minimal relative
depth has been found. The analytical results haea kerified in the finite element code ABAQUS.
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