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IMABJIOHBI YHCJIEHHOI'O PEHIEHUS 3ATAY TEOPUH YIIPYTOCTH B CPEJIE
EXCEL HA OCHOBE IMCKPETHOU MOJIEJIN

PATTERNS OF NUMERICAL SOLUTION OF PROBLEMS OF THE THEORY OF
ELASTICITY IN EXCEL BASED ON A DISCRETE MODEL

Saliev A.B., Stamkulova G. K (FIT, chair POCS)

Questions of calculating elastic deformation in the environment of Excel are considered,
based on the use of discrete model [1,3]. The regularity of change of movements and the stretching
of deformation in the final strip squeezed by the concentrated forces are established.

1. Initial considerations. It is difficult to solve the tasks of theory of elasticity, when
bodies of the final size are considered. The results can be obtained by numerical calculations. The
choice of the one or another settlement scheme is utmost important (templates) [2]. The template with
sexatomic model of a molecule is considered, of which the solid body consists [1,3]. Different
application program packages are used for the numerical solutions of tasks of the theory of elasticity
. The simplest application is the built-in functions of an office application MS Excel. The realization
of such opportunities has the scientific and practical importance.

Proceeding from this, given work analyses the problem of numerical calculation of a beam in
the elastic strip (in case of flat deformation), squeezed by the concentrated symmetric forces (Fig.1).

The elastic beam with width 2h and lengths 2L, compressed in the middle by two cross
concentrated forces F is given. It is required to define the greatest stretching deformations at various
values of strength F to establish nature of the change.
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Fig.1 Settlement scheme ofloading ofa strip.

Taking into account the synretry, we will further consider 1/4 part of a strip (on fig.1). In
this case, horizontal (U) andertical (V) moverment of intersection points x=0, x=4p, and also x=t X
(k=2p) uncer ye (0; h), are defined by the following ratics:

UQY)=0; U(py)=U(-py) ; U+XY)=U-XY) ;
VEHRY)EVERY) and MEXY)RV-XY) @

Moverrents of intersection points y=-h, y=tp and y=t X atxe (0; -I) are subjected to tre

condlitions:
VX-N)=0; MX-h-p)=V(x-h+p);
MXAEX)=V(X-T+X);
Ux-h-p)=U(x-h+p) and Ux-heX)=Ux-h+X) 2

For the nuerical solution of an objective, the considered elastic strip is modelled using the
discrete ermironment in the form of set “molecules”, connected with each other through gereral
"'atons'’. The separate molecule consists of 6 *atons'* (fig.2).

Fig.2. 6-"nuclear” model ofelementary volume ofan elastic body.

""Atos of a molecule™ of an elastic body interact with each other defined by the linear
function, with coefficient of interaction of the "'atons'" located at distance . This linear function is

expressed as K= pN24, and for “atons” located at distance A/42 is K.= sfl pA22. Where p is
rigidity modulus, characterizing elastic properties of abeam



Characteristics of such amodel of anelastic body (specified by coefficients) were defined by the laws
of central interaction (i.e. attraction or repulsion) between two atons and according to elastic
lehavior of macro uniform isotropic body.

When using such amodel, the considered area of a stripwill have an appearance similar to the
one shown in FHg.3.
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Fig.3. The scheme of the allocatedpart ofa strip o™ dis™ete model: “atoms (¢) ”” located rhthe
drawingplane, “atoms (+) ”’in theplanes at distance +p from the drawingplane.

2 The equations of an equilibrium condition of a strip in discrete model. Inabody, each
“atom!’ is gererally a part of 6 "nolecules’ and interacts with 18 "‘atons'™’, comprising of these
"molecules™ (Fg .4). Movement of such anatomis connected with using the force onits volume, and
also with moverments of the atonrs surrounding it It has to meet a condition of an equilibrium state
in balance with extermal (active) and intermal (reactive) forces, depending on the relative pasitioning
of the atons. These equiations are written in the form of coordinate axes projections [1]:

XY)=Xp/A{18U(X,y)-U(x-Xy)-U(x+Xy)-4{U(x-p,y)+HI(x+p,y)]-2[U(x-p,y-p)HU(X-
P,y+P)+U(x+0,y+p) +U(x-p,y-p) +-+HMXPy-p)- W, y+0) + WHD,y+H)- W+ Y-} (3)

YO<Y)=X 418 XYY XYY OO Y MACHY Y)W Y-p) MM
Py+HP)+U(XHD,Y) +U(X-p,y)+U(x-p,y-p)-U(x-p,y+Hp)+HU(x+D,y+H0)-U(x+H,y-p) I}

Fig.4. Communications ofthe atom having afull environment



Where (x, y) are coordinates of "intermdl"" "'atond’, X (x, y) ad ¥ (x, y) are projections to axes
ox and oy forces, acting on this atom U, W are horizontal and \ertical components of movement of
the corresponding ators.

The "atons™ located on a body surface with coordinates (x,0) have no full ervironment of
rmlﬁegvuvlnes andthey interact only with 6 "‘nolecules™ (Fig.5), The corresponding equations of balance
ISS inE 4

X(x,0)=-X*4{14n(x,0)-n(x-X,0)-n(x+X,0)-4[n(x-p,0)+un(x+p,0)]-2[u(x-p,p) +n(x+p,-p  ++Mxp,-

p)-Wx+p™-p)]}
Y(x, 0) =-X"/4{9W(x,0)- W(X, -X)-2[W(x-p,p) +W(x+p, -p)+ U(x-p, -p)-U(x+p, -p)]-4W(x-p)} 4)

Fig.5. Interaction ofsuperficial "atom™

"Atons' located close to the surface with coordinates (x,-p) also have no full environnment of
"molecules' (for this purpose there is no 1 atom (fig.6). The balance equations for them is shown in

=

X(%,y)=-Xp/4{18U(x,y)-U(x-X,y)-U(x+X,y)-4[U(x-p,y) +U(x+p,y)]-2[U(x-p,y-p) + +U(x-
p,y+p)+U(x+p,y) +U(X-p,y)+W(x-p,y-p)-W(X-p,y+p)+W(x+p,y+p)-W(x+p,y-p)]} 5
Y(X, -p) =-Xp/4{17TW(X, -p)-W(X, -3p)-4[w (X,X)+W(x,0)]-2[W(x-p, -X)+W(x-p,0) + W(x+p,0)+  W(x+p,-
X)+U(x-p,-X)- U(x-p,0)+ U(x+p,0)- U(x+p,-X)I}

Fig.6. Interaction ofatoms near a surface

For the atons located on left most border x=L, yG[0,-h] and near this border (at distance p),
we will apply a condition of alosence of normal and shift deformetions, which will be set by ratios
given bellow.




U(LY)=UL -Xy); MLY)AUL -XY)

Similarly, for the atons located in a near-surface layer (x= L -p, yG[0,-h]), we apply the
following conditions.

UL Py) =UL-37), MLpy)=MLDY).

3 The solution of this system of the equations can be solved without difficulties, using
applications such as MS Office Excel. For the nunrerical solution of task 2 following cases have been
consicered.

1) L=50X, h=20X,
2) L=25X, h=11X,

at the same time we compare the "'atons (¢)" located in the drawing plane with the green colored

cells onthe Excel sheet andto the “atons (+)”,

-+

located in the planes at distance +p fromthe drawing plare, are compared with white colored cells
on the Excel sheet.

Considering parts of a strip in this application, it is possible to model the set of cells (Fg.3).
Each cell represents certain “'atond* and while the cell value represents movenent of this *‘atont”.

+ - +
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Fg.7. The settlement scheme in the Excel application

Ineach cell itis possible to calculate only one function, therefore for division two acomponent
vertical(V) and horizontal (U) two Excel sheets are used. Onthe first sheet, horizontal component (U)
of movements and on the second sheet vertical component (V) of movenents were calculated. At the
sae tine, the corresponding formulas are entered into each cell fromEg 3, 4, 5 and correspond to
boundary condiitiors.

Calculations of moverments of "'atons'* are made by the autometic function of the system of
equations in the application, that uses iterative method.

For this purpose, after entering the corresponding formula in each cell, and in soe free cell
(for example H25) the value of force F is entered Then the computing process can be started by



%ressing FO key. The results (nunrerical value of movenrents) are displayed in each cell as shownin
g8

These results can be represented automratically in the form of charts (For exarmple in Hgure
7,8,9,10,11) The analysis of the computed results has shown thet at distances x >5~6/1 aswell as aty
<-(5"6) n, the moverrents of atorrs are considerably smell, which can be neglected for practical
purposes. Therefore, as basic model we have chosen a stripwith sizesL=12, h=8.

Fig.8. Type ofcells after realization of computingprocedure

Discussion of results _
Calculations are carried out on force sizes of 4F/px = 1, 5,10,20,30, 50. The separate results

are represented inHg. 9 and 10



The row 14—4 represents movement of superficial atoms, while the row 2*— ¢) movement
of atoms in section x= -J1 ,the row 3 ( ) movement of atoms in sectiony =-3p, and the row 4 (
)- movemcnt of atoms in section -3/1. From Fig., it can be observed that the largest movements are of
the "atoms" located on a beam surface. At long distances from a point of application of force these
movements are insignificant and for simplification of the solution of a task we have chosen area of

the size ofxg (0,-8);y s (0,-8). In this area we see practically all range of changes of movements of
atoms.

At all values of force F where the graph lines are similar, the change of vertical movements
of atoms are identical. The greatest movement of atoms happen in the field of influence of the applied
force.

The same phenomenon is observed for horizontal movements of the atoms located on vertical
sections (Fig.10).

is ( ) is movement of atoms from intersection x = -J1, the layer 3is ( ) is® otement of atoms
inunder x =-2/1and layer 4 - ( ) is movement of atoms in section x=-7p.

In Fig.10 it is visible that the greatest horizontal movements are experienced by the atoms
located in section x =0 at distancey =- (1"2) p.

At different values horizontal movements also change identically, with variation in their
values.

On the known components, deformation is easily calculated ex =1/1* [U(x+ p,y)- U(x-p.,y)]
and  ey=1/X* [V(y+ p,x)- V(y-p.x)]
The nature of their change in the intersection strip is shown on Fig.11 and 12.



Deformation of ""molecules' on the

Fig. 11. The chart ofdisf-ributi* ofdef**ati*s SxSy along the vertical axis o fA M etry ofa beam

beam

At each value strength the greatest stretching deformation is tested by the *'nolecule™ located
under a point of application of force Y.

The nature of change and the applied force is presented infig. 13 andtab. 1

F X

1 1582
05 079
01 0158
005 0079

0,01 0,015



Fig. 13. The chart ofchange ofdeformation max Sxfrom the appliedforce

From the chart it is possible to find that, value & =0,01 in particular is reached with the force
y=0.015. Apparently this chart is linear. For linear approximation of this dependence of means of
Excel - after recalculation, taking into account numerical these parameters of model and values
strength ¥ - is given dependence

X =63,4 y/pX (- 0,003), in which free part (...) is necessary to consider as errors (iterative)
in calculating movements/deformations and their approximation at small values of forces ¥
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