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Abstract- This paper present the optimization of the design with the method proposed by Dora Florea for the sphere-
cylinder shell GRP under the pressure through the condition to achieve a constant circumferential stress in the shell equal
with the maximum circumferential stress which exist in the shell with the constant thickness. The results obtained by
author concerning at the stress state and the optimized design which obtained quickly, are better than results obtained by
J.Leach [4] , which studed 13 designs for the sphere-cylinder shell and then decide an acceptable solution for the design.
.The variation of the circumferential stress for the optimized shell through the method Dora Florea with the option
proposed, isdg, =0.76 MPa comparing with the variation of the circumferential stress 4o, =3.65 MPa obtained by
J.Leach for a design selected by him.
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I.LINTRODUCTION

The literature regarding to the design for the sphere-cylinder shell GRP subject to the internal pressure is not too
large. In 1956 Fessler and Rose [1] sugested that the reduction of the thickness in the sphere it possible until 50%. An
analytic determination of the stress in the sphere-cylinder shell was attempt of Rose [3] and note that a precision of the
solution may be obtained through used the computer , which allow a precise sprecification of the design.
J.Leach and S.W.Saden[4] was investigated the design of the joint for the sphere-cylnder GRP , the results beeing
presented through the definition of the concentration factors independent of the elasticity modul Young E and the
coeficient Poisson p . The condition used for the choise of the optim design of the studed shell was that the raport between
the maximum stress in the sphere (circumferential stress) and the circumferential stress in the cylinder what represent the
concentration factor Scf , to be near the unity. The analysis of the stress state it made with the BOSOR4 programme which
resolve the problem of the axysimetric thin shell for a material in the elastic linear field used the difference finite method.
For the compute of the concentration coefficient Scf it observed that the stress became constant far away the joint sphere-
cylinder. The peak of the stress it yield on the circumferential direction on the extern surface of the cylinder.The maximum
of the stress in the sphere it yield on the circumferential direction on the joint between cylinder and sphere. After the study
of 13 designs J.Leach consider that the design from fig.1 , case 12 is an acceptable solution from point of view of stress
distribution .
In fig.2 it presents the variation of the circumferential and meridional stress in the shell studed of the constant thickness
h=10mm and in the fig.3 it show the variation of the circumferential and meridional stress for the shell selected that beeing
optimized.
In this paper it presents an original method proposed by Dora Florea for the design optimization imposing the condition
that on the whole surface of the shell to acquire an uniform circumferential stress equal with the maximum circumferential
stress which exist in the shell in the situation of the shell sphere-cylinder has the constant thickness.

ILTHEORETICAL CONSIDERATION

The analysis of the stress state in the sphere-cylinder shell for the shell with the constant thickness h=10 mm was
show in the paper [6].
In fig.4 it presents the graphics of the stresses for the shell cylinder-sphere obtained with the analysis stress through the
programme NASTRAN V.4.0 [7] by method of finit element: radial stress o, , circumferential stress oy, axial stress oy and
meridian stress o,,shear stress t,,VonMises stress o,y for a case of the sphere-cylinder shell with the constant
thickness.The circumferential stress og has the values between 10.41 MPa and 20.51 MPa,the difference between the
maxim and minim value of the circumferential stress oq being Acg.=10.1 MPa and the VVon Mises stress oy, has the values
between 9.354 MPa and 17.82 MPa ,the difference between the maxim and minim value of the Von Mises stress o, being
Aoy, =8.466 MPa.
It remark that the stress which have the great values is the circumferential stress cgin the cylinder 6g,,,,=20.51 MPa.
Because maximum stress which presents in the sphere-cylinder shell under the pressure is the circumferential stress and
this presents a jump of stress with the doubling of value in the joint, Dora Florea proposed in this paper a method for the
optimization the sphere-cylinder GRP vessel design used the circumferential stress oy imposed to obtain an uniform value
for the circumferential stress in the whole shell .
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Fig.1 The study of design by J.Leach [4]
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Fig.2 The graphic of the circumferential and meridional stress for thickness h=10 mm studed by J.Leach [4]
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Fig.3 The graphic of the circumferential and meridional stress for the optimized shell by J.Leach [4]
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Fig.4 The graphics of the stress for the shell with the constant thickness h=10 mm obtain by NASTRAN V.4.0

For the circumferential stress allowed og,4 it selected the maximum circumferential stress Gg,. Which exist in the cylinder
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for the sphere-cylinder shell with the constant thickness with the purpose to achieve an uniform state of the circumferential
stress in the whole shell and that is the condition by the determination an optim design with the minimum utilization of the

material.
The mathematical model of the optimization problem is:

WUu)=V(u) (1)

where V is the volume of the shell under the behaviour of the restriction:

max , ,
bi (U)= Loillo2llosll ,_, @)
Sad
with i=1..n and where
— t
u= [ul...un] 3

U represents the vector of coordinates for the exterior design acquired.
In relation (2) oy and o, are the principal stresses [8] expressed by relations:

Ux+0'y+ [O')('Gy]2 N

= 2
ol 2 22 Xy
4
oxto [oy- ]2
_ X y ox-oy 42
727 2 (5)

In the relation (4) and (5) oy and oy are oy ( the circumferential stress ) and o, ( the meridional stress) for the sphere ,
respective oy ( the circumferential stress) and oy (the axial stress) for the cylinder.For the case in study because the load of
pressure imposed is axisymmetrical the tangential stresses T,y are nulls.

In relation (2) oaq is the maxim circumferential stress which exist in the shell with constant thichness for the method
proposed by Dora Florea in this paper:

Oad = Ofmax (6)

In the relation (4) and (5), the circumferential stress o, for the sphere has the expression:

_Ppr 3v . pr
=g (cos Ay + ———=sin Ay )+ — )
o)) I e ( 4 3017 V) h
and the meridian stress o, for the sphere has the expression :
— 3pr e—ly/ Sin /’Ll// +ﬂ (8)

77 an3@-12) 2h

in which y=0-¢ represent the angles of reference for the calculationof the stresses in the sphere:a=90°, ¢ € [90°..0°] and the
expression for A is:

24=3@1-v)(r/h )2 ©)

In the relation (4) and (5), the circumferential stress for the cylinder o, has the expression:

@IJAERD-2016, All rights Reserved 20



International Journal of Advance Engineering and Research Development (IJAERD)
Volume 3, Issue 6, June -2016, e-ISSN: 2348 - 4470, print-ISSN: 2348-6406

=3Py _pr, L Pr (10)
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O

and the axial stress for the cylinder oy has the expression:

3p¢
oy =+ PL (12)
4 5°h 2h
in witch:
= —ﬁX
0, = e’"cos [X (12)
é’ﬁx = ¢ ”sin Bx
and

B =31V r’h?) (13)

In the relations (7) at (13) r is the internal radius of the sphere ,h is the thickness of the shell , | is the length of the
cylinder , E is the Young modul of elasticity , v is the Poisson coefficient , p is the internal constant axysimmetrical and
uniform pressure .
Because for the shell optimization it used the condition to obtain the maxim value of the circumferential stress cyin the
whole shell without the jump of stress ,the condition for the optimized shell imposed for the method proposed by Dora
Florea in this paper is:

log (w;) — 0gaal < Eps (14)

where u; represents the coordinates for the exterior design acquired and i=1..nand ocg,q IS the maxim value of the
circumferential stress cgmax Which it exist in the cylinder for the sphere-cylinder shell with the constant thickness.

For solution the optimization model proposed by Dora Florea it used the programme OPTIMISES [5] wrote by Dora
Florea which determined the optimization shell through calculation of the coordinates u; for the exterior optimized
design.The theoretical aspects with regard at the OPTIMISES programme used for the optimization in the elastic linear
field for a design of the thin shell sphere-cylinder under the internal pressure was show in the paper [5] .It make the
observation that the programme OPTIMISES has the option to determine a design which respect the condition to obtain an
uniforme circumferential stress in the shell. The determination of the stress state in the sphere-cylinder shell for a concret
case it achieved with PCETJ1 programme[6] wrote by Dora Florea.

The mathematical condition used by OPTIMISES programme which realize the thickness computing h;=; ., of the sphere
in n points with the step dh desired is (15) where the circumferential stress oy for the sphere in the exterior shell ,has the
expression from (7):

|095phere — Ogmax | < EpS (15)

Through the solution of the relation (15) it obtain nl values for the thickness h; =1 a1 (y) for the spherical shell , the value
nl beeing determined by plan Ag allow in interval [0°,90°] and than it compute u; represents the coordinates for the
exterior design acquired.

For the cylindrical shell the mathematical condition is (16) where the circumferential stress oq for the cylinder in the
exterior shell ,has the expression from (10):

|00cylinder — Ogmax | < Eps (16)

Through the solution of the relation (16) it obtain n2 values for the thickness h;j=;.n (X) for the cylindrical shell , the value
n2 is determine of the pas Ax allow in interval [0,I] where | is the length of cylinder and than it compute u; represents the
coordinates for the exterior design acquired.

For the obtain the solution of the transcendental neliniar ecuations (15) with the circumferential stress Gospnere fOr the sphere
and (16) with the circumferential stress cycyiinger fOr the cylinder , Dora Florea used in the programme OPTIMISES the
bisect method .

1HL.SHOWING OF THE RESULTS ACQUIRED WITH THE OPTION OF THE OPTIMISES PROGRAMME
The programme OPTIMISES wrote in the Turbo Pascal V7.0 for a PC computer by Dora Florea was run with the
option for the optimization by circumferential stress , for a concrete case of the thin shell with 1) the geometrical constants
: the internal radius of the sphere r=500 mm , the thickness of the shell h=10 mm, the length of the cylinder I=500 mm and
with 2) the material characteristics: the Young modul of elasticity E=7E+3 , the Poisson coefficient p =0.34 and with 3)
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the function parameters :the internal constant axysimmetrical and uniform pressure p=0.4 MPa.

The optimized design it obtain for the optimization condition to achieve the maximum circumferential stress
oomax=20.51MPa and uniform in the whole shell without the jump of stress.

Through the runing the programme OPTIMISES ,it obtain the thickness h;;-;. , of the shell in n points for the optimized
design and the coordinates u; for the exterior contour of the shell.

The programme OPTIMISES determine so :

1) the graphic of the thickness for the optimized shell by method proposed by Dora Florea in this paper , h=f(x) in function
of x presents in fig.5

2) the graphic of the circumferential stress cy=g(X) in function of the x for the optimized design showing in fig.6 where
itremark the approximative linear variation of the circumferential stress oy With the variation of the values between 19.74
MPa and 20.51MPa ,the difference between the maxim and minim value of the circumferential stress cq being Acy=0.77
MPa.

3) the graphic of the equivalente Von Mises stress o,n=q(x) in function of the x for the optimization design determined
with the variation of the values between 17.10 MPa and 21.07 MPa it show in fig.7 ,the difference between the maxim
and minim value of the Von Mises stress o, being Ac,,=3.97MPa.

4) the design of the optimized design acquired with the programme OPTIMISES and the detail of the design it show in
fig.8a and fig.8b.

The programme OPTIMISES [5] allow the optimization profil of the sphere-cylinder shell for any value of geometrical
constants , the material characteristics and the function parameters.

IV.CONCLUSION
It appreciate that the obtained results by author corresponds with the imposed condition to obtain a design for
which the circumferential maxim stress cgm.=20.55 MPa to become constant in the whole shell without the jump of the [4]
circumferential stress. The difference between the maxim circumferential stress Goma,=20.51 MPa and the minim
circumferential stress oy =19.74 MPa for the optimized shell are very small Acy=0.77 MPa. For the model selected
byJ.Leach presents in fig.1,case 12 the variation of the circumferential stress between the maximum circumferential stress

e

Fig.5 The graphic of the thicknessh=f(x)
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Fig.6 The graphic of the circumferential stress 6,=g(X)
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Fig.7 The graphic of the equivalente Von Mises stress oy, for the optimized designe,m=q(x)

and the minimum circumferential stress computed with the BOSOR [4] programme by J.Leach (fig.3) through the finit
difference method is Acy=(20.55-16.9) MPa =3.65 MPa. The conclusion is that through the method proposed by Dora
Florea in this paper used the OPTIMISES [5] programme, with the option for the optimization by circumferential stress, it
compute an optimized design for which the variation of the circumferential stress Acy =0.76 MPa is very small in
comparation with the result acquired by J.Leach [4].

It made the observation that J.Leach[4] studed 13 designs of the sphere-cylinder shell and than proposed a design
fig.1,case 12. The optimized design obtain with the method proposed by Dora Florea in this paper ,it acquire very quick
after the running the OPTIMISES [5] programme and the results from point of view of state stress are better than obtain by
J.Leach[4].

To50. 01 700,01
osu-peritru h =fftens.meridiana) asu-peritru b =titenz.meridianad

ERX \ e \\
EELRY \ 50,0 \

F3E \ ot
220 40t :\

26,0 S0

¥Z0.0 i, O

150 gl

Z10.0 F20.0

18 0T
0.00] 105.00; 210.00] 315.00; 420. 525.00; €30.00; F35.00; 540.00; 345.00| 1050.00 z00.00] 340.00) 380.00) 420.00] +e0.00| fo0.00i S40.00) sen.00) s20.00) eso.00| Poo.oo

a) b)
Fig.8 The design of the optimized design with OPTIMISES programme a) section profil b)detail of the joint section
profil
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