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According to anisotropic shell theory, the pressurized structure of cylindrical shell and spherical head is
analyzed, and the shear force, bending moment and stress solution at the juncture are obtained. The influence of
anisotropic mechanical properties and geometric parameters on shear force, bending moment and stress
distribution along the cylindrical shell is discussed, and the results are compared with the isotropic results.
Additionally, Hill48 anisotropic yield criterion is also used to derive the equivalent stress intensity expression of

the plane stress state, and the effect of thickness ratio and elastic modulus ratio on Hill48 equivalent stress at
the juncture is discussed. Finally, finite element method is applied to verify the results of stress intensity
calculation, which shows that the finite element solution and the analytical solution are in good agreement.

1. Introduction

In the pressure vessels, film stress distributes evenly along the wall
of the spherical head, equally, and uniformly. At the same time,
spherical head is easy to manufacture, widely applied as the middle
or low pressure vessel. But the wall thickness, load, temperature and
mechanical properties along the axial direction of shell may be abrupt
for the combined structure, and these factors can be expressed as the
discontinuity of pressure vessel structure [1]. It is worth noting that the
juncture between cylindrical shell and spherical head is not continuous,
which may cause a large local stress. For accurately understand the
stress distribution of spherical head, Fu [2] according to the non-
moment theory deduced the stress expression of spherical head, and
the stress distribution law was studied by experiment method and
ANSYS finite element analysis. Awrejcewicz [3] estimated and pre-
dicted a critical set of critical parameters responsible for buckling of
spherical circle axially symmetric shells. The buckling phenomenon
under static loading was investigated. Cui [4] solved the basic govern-
ing differential equations for conical shells by performing magnitude
order analysis and neglecting the quantities with h/R magnitude order
with a simple and accurate solution for conical shells derived by solving
the second-order differential equation. Rilo [5] analyzed the solutions
of displacements and stresses in spherical heads over rectangular areas
based on spherical shallow shell equations, and represented the
displacement and loading terms by use of double Fourier series
expressions. Awrejcewicz [6] analyzed stress-strain state of the lami-
nated shallow shells under static loading by using the R-functions
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theory together with the spline-approximation, and the comparison of
obtained results with those results by using ANSYS were also pre-
sented.

For the problem of vibration of cylindrical shell, A.V. Krysko [7]
solved strongly nonlinear partial differential equations by modeling the
dynamics of closed circular shells using the Bubnov—Galerkin ap-
proach, V.A. Krysko [8] studied the complex vibrations of closed
cylindrical shells of infinite length and circular cross-section subjected
to transversal local load.

At present, the stress analysis and strength evaluation of pressur-
ized structure are usually carried out by using the theory of isotropic
mechanics. However, material in the rolling process will appear a
texture phenomenon and anisotropy such as titanium which is widely
used in recent years. Therefore, it is necessary to carry out detailed
stress analysis on the anisotropic pressurized structure to meet the
requirements of strength and stiffness in different directions.

For the anisotropic structures, Li [9] analyzed the influence of
anisotropy on the internal forces and moments of the laminated conical
shells. According to the principle of energy deformation and the
constitutive relation of orthotropic materials, Zeng [10] derived the
elastic-plastic stress expression of the axially loaded cylindrical shell
under the condition of simply supported at both ends. Rotter [11]
combined the generalized Hooke's law, the axial film stress resultant
force and the axial bending moment, and developed the complete
solution equation of the bending theory for cylindrical shell under
different pressure and axial loads. Chandrashekhara [12] applied the
theory of elasticity, the classical shell theory and the shear deformation
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theory to study the problem of infinite transversely isotropic cylindrical
shell under the action of axial symmetrical radial load. The influence of
anisotropy and the diameter thickness ratio of shell on the stress and
displacement distribution was shown through some typical results.
Kirichenko [13] established the mathematical modeling of evolutionary
states of non-homogeneous multi-layer shallow shells with orthotropic
initial imperfections.

There are still many scholars to study the stress analysis at the
juncture between cylindrical shell and head. The discontinuous stresses
of the anisotropic cylindrical shell and the connection of the different
head were analyzed by Paliwal [14], the corresponding discontinuous
stress and displacement expressions are obtained. Mechanical analysis
of the connection structure of the pressure cylindrical shell and the flat
plate was made by Gao [15], the stress expression at the dangerous
point of the structure were obtained, and the stress distribution of the
joint was similar to that of the isotropic one, but the peak stress
difference was higher which was associated with the E,/E,. Through the
analysis of the stress on the small end of orthotropic conical shell, Yao
[16] obtained shear force, bending moment and stress solution at the
small end of conical shell.

In present paper, by analyzing the force and bending moment at
juncture of the orthotropic cylindrical shell and the spherical head, the
stress expression is obtained, and the impact of elastic modulus ratio
and thickness ratio on the stress distribution is discussed. According to
Hill48 anisotropic yield criterion, the equivalent stress intensity
expression of the plane biaxial stress state is obtained, and the effect
of thickness ratio and elastic modulus ratio on Hill48 equivalent stress
at the juncture is discussed at the same time. The calculation results of
the stress intensity are verified by finite element results which provide a
reference for the design of the orthogonal anisotropic pressurized
structure.

2. Mechanics analysis of the connection between orthotropic
cylindrical shell and spherical head

Under the influence of internal pressure, the stress of spherical
head (2) and cylindrical shell (1) is shown in Fig. 1. The inner pressure
is p, the radius of cylindrical shell and spherical head is R, the thickness
of cylindrical shell and spherical head are respectively t; and t,. To
solve edge load shear force and bending moment, the deformation
caused by the load at the edge of its positive and negative direction are
shown in Fig. 1: Radial displacement pointing to the rotation shaft is as
the positive direction. The left layout of Fig. 1 is used for determining
rotation direction and the counter clockwise is positive.

On the edge of the cylindrical shell, shear force Qo and bending
moment M, are applied along the circumference direction. The basic
differential equation of the orthotropic cylindrical shell by moment
theory [17] is:

d*w
4+ 4ptw =0
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where g, = 4 %.
The general solution for the homogeneous equation:
w = eP1*(C cos fix + C, sin B,x) + eP1¥(C; cos fix + Cy sin fx) (&)

In the formula, C;, C,, C3 and C, are integral constants, which are
determined by the boundary conditions of cylindrical shell.

When the cylindrical shell is long enough, with the increase of x, the
bending deformation gradually decay and disappear, so the e/i* in
formula (2) is close to 0, that is, C;=C»=0, so the formula (2) can be

written as:
w = e P1*(C; cos fix + Cy sin fix) 3)

At the juncture of cylindrical shell and spherical head, that is x = 0,
boundary conditions are as below:
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Fig. 1. Load at the junction of cylindrical shell and spherical head.
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Substituting the boundary conditions into the differential equation:

e—/fl)(
w = ————[fMy(sin f;x — cos p;x) — Qg cos f,x]
270 e ©)
where D, = mlEiitiw is the flexural modulus.
The maximum displacement and rotation angle at x = 0 are :
=0 = ——My — ——
=0 = =550, ™ 250, % @
dw 1 1
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For cylindrical shell, the displacement and rotation angle caused by
shear force and bending moment are as below.
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The basic differential equation of orthotropic spherical head by
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