NATURAL SCIENCES
UDC - 539.421

APPLICATION OF ITERATIVE INCREMENTAL REDUCTION METHOD TO
SOLVE THE PROBLEM OF OPTIMAL DESIGN OF A CYLINDRICAL
PLATFORM DURING ITS BENDING

Arevshat G. Poghosyan

National Polytechnic University of Armenia
105 Teryan St., Yerevan, RA
arevshat.poghosyan@bk.ru

ORCID: 0000-0002-1780-6532

Republic of Armenia

David S. Badasyan

National Polytechnic University of Armenia
105 Teryan St., Yerevan, RA
davidbadasyan98@gmail.com

ORCID: 0000-0002-1931-4363

Republic of Armenia

Arpi T. Simonyan

National Polytechnic University of Armenia
105 Teryan St., Yerevan, RA
arpi.simonyanl@gmail.com

ORCID: 0000-0002-4565-2534

Republic of Armenia

Abstract

In this paper we suggest a model for solving the optimization problem which allows the use of a
method of unconstrained minimization Nelder-Mead in complying with the restrictions in the form of
equations and inequalities.

The application of this model is illustrated by the optimal design of a cylindrical panels made of
isotropic material.

The optimal values of the geometrical parameters of the plate to ensure minimum deflection at
constant weight equal to the weight of the plate thickness is constant. The results are also compared in
order to additionally check their accuracy. The problem is also solved by the direct search method for
comparing the latter with the previous.

Key words: optimization, maximization, isotropic material, load, bending, panel, bending,
iterative.

Statement of problem optimization

Many problems of optimal design of ribbed plates made of an isotropic material are reduced to a
nonlinear programming problem under constraints in the form of equalities and inequalities. In
general, this problem is formulated as follows:

To find

minmax f(u,v), u={u,U,,...i,}, V="1V,V,,..,V,}
u 4

with restrictions

Hl.(u,v)= 0,i=12,..,m,
g,@&)z 0, j=m+Lm+2,...r,
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where f (u, 1_/) - is the objective function; u,v - are the control vectors.

The complexity of solving a problem increases geometrically as the number of variables or
constraints increases. In the problem preparation phase, it is advisable to modify the model to reduce
the number of constraints, especially nonlinear and variable ones. The size and number of constraints
in the form of equations can significantly be reduced by explicitly or indirectly solving some of them
and eliminating the variables with the resulting solutions. This leaves a number of constraints that
cannot be directly addressed for one or more variables. In this case, two approaches are possible.
These constraints are solved iteratively and incrementally with respect to the variables, or the
remaining equations are clearly considered constraints in the form of equations.

The solution to the proposed minimum problem is achieved by solving the problems of
successive reduction and increase of constraints.

The basic idea of the proposed models consists in the volume, which is the solution to the
problem of common tasks by dividing the intermediate into two groups. The variables x,x,,...,x,

join in one group, the values of which is impossible to exclude from the corresponding constraints,
and in the other — the variables y,,y,,..., VysC15Cy5C35Cy s the values of which are relatively easy to

calculate. Both problems are solved separately, ensuring their connection by carrying out the
corresponding coordinating calculations.

The minimization problem is solved using the Nelder-Mead method [4]. Moreover, in the
proposed method, when constructing a simplex, at each stage of minimization the vertex of the
polyhedron is excluded where the constraints are violated.

The block diagram of the program is given with the help of which numerical calculations are performed.

1

Lo Vars ={X. X X3 X Vi Vs Vg 665105064}

» q
2. Cons = {LE” <x,<U i=1p L) <5, <UY i=l.q g, (x)20 }

H(x)=0, x= {xl.xzqxs.....xg._}-'l..}-'2._}’3...._}'61‘01.02.03.04}

3. Do[Print[NMinimize[ { fTx;, %, %5, xp] , Cons }, Vars,
Method — “NalderMead”.”"RandomSeed” —»1}]].{1.1}]:

A

{1’ =l..m j=m+1., ri}

Y

4. f[xx, ? Numeric, xx, ? Numeric, xx, ? Numeric, ..., xx, ? Numeric]=
Module[ x; = xx, x, = xx, . 5 = 2% ..., X, =1, =
{ ( Calculated Vs ¥y ¥y )

if [Cons # True, { f:—lO_m; Goto[End] }];
(* Calculated  ¢,,¢,,¢;,¢, *)

17522

RO:NSOI&'B[HI(;)::O, Hl(;)::(), Ha(._r)::(), HA(;-)==O. { ¢.c,.0,,¢, 1]

12722

Replace[w rol: WO=NMaximize [{W.O Z=x<05& &0y < 1}]:

ST %2 %50 X, 1= O[] PRIt X X5 Xy X0 ¥ Yy en Vg, SIX %50 X0 X, 1
Label [End] }]
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In the block diagram:
1 - excretion of variable parameters,
2 - formulation of restrictions,
3 - selection of the Nelder-Mead method, where the objective function has a parametric form.
According to the Nelder-Mead method, when searching for the minimum of the objective

function fTx,,x,,...,x,], where x € E”] a polygon is constructed with p+1 vertex. A new vertex

is constructed using the stretching, compression and reduction procedures, and the value of the
objective function is calculated at each vertex using the module (point 4):

max f[x,,%,,...,X, ], THE Z={Y|, V500, 1,5C5Cy5C3,Cy
z

The iterative incremental process ends when the vertices of the simplex and the values of the
function calculated in them satisfy some convergence conditions when compared with the previous
iteration,

4 - objective function formulation in parametric form (Module f[x,x,,...,x,] ), where the

maximization problem is solved. At each vertex of the simplex, two operations are carried out
sequentially: the inclusion of vertices in the admissible region and the exclusion of vertices if any

additional condition is violated where f[x,,x,,...,x p] =-107".

As an application of the proposed model, the problem of optimal design of a shallow cylindrical
shell of an open profile of piecewise constant thickness is solved under the action of internal pressure
during bending. The mathematical model of the problem of determining the stress-strain state of the
shell is described by differential equations with respect to potential functions for each of the
constituent parts of the shell, conjugation conditions on the lines of their separation and boundary
conditions on its contour. The determination of the optimal parameters of the panel is reduced to a
nonlinear programming problem, which is solved by the deformable polyhedron method [4] in
combination with the direct search method [4] and using the parallel computing package in the
WolframMatematika package environment [4].

The issues of optimal design of plates and shells of piecewise constant thickness were studied in
[1-3].

Formulation of the problem
A shallow cylindrical shell with dimensions is considered in plan 2Lxb, hanging support on
the sides y=0 and y =5 and rigidly fixed at the edges x==L, under the influence of the internal

pressure q(y). It is assumed that on the site —a <x<a the staired shell has thickness of 4,, and on
the sites — L < x <—a and a < x < L - thickness 4, (fig. 1).

X

Fig. 1 Design scheme of the shell
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The task is to determine the optimal values of the parameters of a, A, h,, providing the
minimum value of the greatest deflection of the shell at constant weight, equal to the weight of the
shell of constant thickness /,, and given overall dimensions & =2L/b.

Determination of the stress-strain state of the shell

The problem of determining the stress-strain state of a shell of piecewise constant thickness is
solved for each of its regions (p=1, 2), corresponding to the thicknesses and, with the satisfaction of
the conjugation conditions on the line of their division. In this case, in the form of symmetry, the right
half of the shell is considered (x>0) . According to the theory of very shallow shells, the problem [1]
is reduced to determining for each of the sections of the shell ( p=1 2) potential functions @ (x,y),

satisfying the equations

D/ hed 1 ot
ViVio +— "' =q, (p=1, 2 1
E p a4 (p ) (1
3
where: D7’ = 12(1"—"2)- stiffness of the constituent sections of the shell, £, and v, - elastic
-v
p
constants of materials,
g O o o o o

V= +4 +6 +4 + .
ox® ox°oy? ox*oy* ox*oy® oy

Expressions of shell displacements in terms of a potential function® , (p =1,2) are presented in

the form:

1 1[‘/ oo, 83@p]
p ’

u J— JE— —
" E,h, R " ax’  oxoy’
o’d o'd
vyt | S 0y, ) o, @)
E,h, R\ oy ox oy

1 (d'eo, d'o, _d'o,
IR R ae ot addy? |
p1p X 'y X ay

The internal forces of the shell are determined by the formulas:

TP :l 84CDP (p) :i84q)ﬁ
Y Rox*oy?’ YR ox*
4 2
(p):_llez EDG;, H(p)=—D(p)(l—Vp)Z gp, 3)
X xXoy
2 2
M(p) D(P) 0 Wp +v 0 Wp ,
X ax2 P 6:)}2

42



NATURAL SCIENCES

3 3
N — _p(r) %+ 0w, :—D(”)i(vzw )
ay p

oy’ ox’oy

The boundary conditions of the shell are written in the form:
e Hanging support on the sides y=0 and y=5

w, =0, u,=0, T =0, MP=0, (p=1,2), 4)

e symmetry on the line x=0

u=0, Mo s o NO =0, (5)
ox R oy
e terminations on the side x =L
u; =0, v =0, w, =0, %zo, (6)
Ox
e conjugation on the line x=a
Uy =Uy, Vi =V,, W =W, %:% T“) T(2) M(l) Mf,z),
ox  ox
) (&) M 2)
s g ATy on _ N® 4 oH (7)
R oy oy
Expanding the load function in a series:
()= ansind, v, 4y =ZI<1(y)Sin Apydy, A, = %,
1 0
solutions of equations (1) satisfying conditions (4) are represented in the form:
E h & q
L= (p) /1;” sin A y+2@ sind,y, (p=1,2) (8)
m=1 Y m=1

where

8
@, = ZCﬁ,ﬁ)ea”"lmx = Cl(,ﬁ)ea”‘ﬂ"’x +C( )e bty C( J“rhn 4 Cim)e ety
= )

(p) p5Am* 6% 7An% (p)  @pshmx
+CPle™ +C6me” +C e” +Cghle™

The coefficients «,, are the roots of the characteristic equation:

s 12(1-v?
(@ -1) +R(2T/14)a4 ~0. (10)

Substituting (8) into the equation (2), for function w, we get the following expressions:

Z D( )Sinlmy+2wpm sinA, y. (11)
m=l1 m=1
d*® d*®
where: W L — T+ @, =20, —|.
E, h dx dx
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(p)
By substituting (9) and (14) into conditions (4) - (7), the values of the coefficients Cin are

determined after which all calculated values are determined by formulas (2) and (3).

Optimization of the shell according to the criterion of rigidity
Determination of the optimal parameters of the shell , #,, at which the greatest deflections of

the structure, with a constant weight equal to the weight of the shell of constant thickness #,, and

given overall dimensions &=2L/b, reach the smallest value, is reduced to the following nonlinear

programming problem:
Find:
m}inmfxwp, )_c:{a,hl,h2 }, (p=1,2), (12)
with restrictions:
L(h, —hy)=alh, —h,), (13)
f/b<0.2, 0.016; < h <025, 0.015, < hy <0.26,. (14)

Here w, - is the objective function, determined from (2), x- is the control vector. Constraint
(13) follows from the condition of the constancy of the weight of the structure of piecewise constant
thickness, equal to the weight of the shell of constant thickness #,. Restrictions (14) are due to the
limits of applicability of the theory of thin shallow shells. Here f - is the lifting arrow of the shell,
6,=L—a when L-a<b, §,=b when L-a>b, 5, =2a when 2a<b, 5, =b when 2a>b.

Problem (16) - (18) is solved by the deformable polyhedron (DPM) method in combination with

the direct search method [4].
Numerical calculations were performed for the case when a uniformly distributed load acts on

the shell ¢(y) =g, = Const when ho=h,/b=0.02, £=2L/b.
The optimal values of the parameters are calculated a = a/2L, h, = h, /b, h, = h, /b, providing

i U
p b4’

the smallest value of the greatest deflection maxv_v,, =w
p
k

(p=12) panels, where

Eh’

=—12(1 5y’ and the corresponding largest deflections in each of its sections. The results are
-V

0

shown in Table. In the same place, for comparison, the values of the reduced deflections wo are given
for an equilibrium plate of constant thickness 4, .

Table
Optimal parameters of a cylindrical panel
ho ¢ a h, h, 10°-W, | 10°-W, | 10°-Wq
0.02 1. 0.01 0.01635 0.19885 0.04358 0.03108 0.1522
0.02 2. 0.005 0.0182 0.1982 0.22244 0.06216 0.6475
0.02 3. 0.005 0.01855 0.1635 0.50745 0.09910 1.0331
0.02 5. 0.005 0.0192 0.09925 1.01120 0.28409 1.2953
0.02 10. 0.005 0.01995 0.02495 1.31564 1.23127 1.3171
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Conclusion

As a result, compared to a platform of constant thickness, the largest reduction in bending is
about 3.5 times.

Calculations were performed to find the optimal values of the parameters providing the smallest
values of maximum bending.

Also, as a result of solving the problem by different methods, the results are matched with
hundredth accuracy.
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hStrusShd LU3LU3PL LYURUMrHYU UL ULENTh Uhrunnhue aLULUaGY <Ureuub
OMShU UL LUUSOUUL LHh LNROU UL <UUUP,
Jd6rhLhU s4UUL MU3UULLEPNRY

W.Q. Mnnnujwt, +.U. Punwujwu, W.S. Uphdntjwt
<wywupwibh wqquiht wnipipbGuthwwt hwdwuwpwb

Unwownyynid £ owywnhdwjwgdwt fuunph nédwu wjuwhuph dh dnnb|, npp eny| £ nwihu
hwjwuwpnigjwtu L wuhwjwuwpnipjwu  wnbupny uwhdwuwthwynudubph nbwpnud  Yhpwnbip
Ltipnbp-Upnh  hnbpwwnhy - pwjjwipu - ujwqupldwu depeanp: - Wu - dnnbih - Yhpwnnup
ubpywjwgynd £ phgnupnw uniehg ywwnpwunywd qutwdl whwuwyh, dydwu pupwgpnd
owywhdw| twfuwgddwu oppuwyny: Npnoynd Gu, hwppwyh Gpypwswhwwu wwpwdbupbph
owwhdw| wpdtiputipp, npnug nbiypnid wnwownpywsd tiu tiqpwswihwihu swihtpp b wwywhnyqwd
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E uJwquagnyu dynwd: huswbiu bwle Yuwwnwpynud £ wpryntuputiph hwdbdwnnid, npwug 6anniejut
[nwgnighs unnigdwu uwywwmwyny, Yytpohuubphu hwdbdwwndwu hwdwn, fuunhpp NéyYnwd £ bwl
ninhn npnudw dbpnnny:

Pwbwgh pwnbp. uwqupynd, wnwybjwpynd, hgnupnwy unie, pbn, hwppwy, aynud,
hunbipwghw:
HNPUMEHEHUE METOJA UTEPATUBHOI'O NIOIHIAT'OBOT'O YMEHBHIEHUSA J1JISA

PEIIEHUS 3AJTAYH OITUMAJIBHOT'O TIPOEKTUPOBAHUS IWINHAPUYECKOM
IIVIAT®OPMBI I1PU EE U3TUBE

A.T'. Ilorocsn, [I.C. bBanacsin, A.T. CumoHsiH
Hayuonanvnolii nonumexnuueckuii ynusepcumem Apmenuu

[Ipemmaraercs Monenb pELICHHs 3a4ad4d ONTHUMM3ALMU, KOTOPas IO3BOJISIET MCIOJB30BaTh
METOJl UTEPAllMOHHO MHKPEMEHTHOW MuHMMM3auuu Hennepa-Muna B ciiydae Hanuuusi OrpaHU4EeHUN
KaK B BHJIC PABCHCTB, TAK U HEPAaBEHCTB. [[puMeHEeHNE TaHHOW MOJENIN HIUTIOCTPUPYETCS Ha IPUMEPE
ONTHUMAJIBHOTO NPOEKTUPOBAHMSA LWIMHIAPUYECKOM IIAHEINW H3TOTOBIEHHOW M3 H30TPOIHOIO
Mmarepuana, npu usrude. OmnpenensroTrcs ONTUMAaIbHbIE 3HAUYEHUS TEOMETPUYECKHX IapaMeTpoB
naHenau, o0ecreunBarollie MUHUMAIbHOE 3HaYeHHWE MPOruda Mpu MOCTOSHHOM BECE, PaBHOM BeECy
NaHeIN I[IOCTOSIHHOM TOJIIMHBI, M €€ 3aJaHHbIX Tab0apUTHBIX pa3Mepax. Pe3ymbTaThl Takxke
CPaBHUBAIOTCSI, C LIENbIO JaJbHENIICH MPOBEPKU UX TOYHOCTH, JUIsl CPAaBHEHUS MOCIEIHUX, TpodIemMa
TaK)Ke PELIacTCsl METOIOM IIPSIMOTO ITOUCKA.

Knroueevle cnosa: ontuMusaiys, MaKCUMHU3AIMs, U30TOIl MaTepHall, Harpy3Ka, maHesib, U3Truo,
WUTEPALIMOHHBIH.
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