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I. INTRODUCTION

Much attention is paid to the use of automated systems and their use in physical and mechanical properties in design and
engineering work. Therefore, the implementation of design work on the basis of modern computer technology is developing rapidly.

One of the main tasks in our country is the creation of software packages based on the use of mathematical modeling processes
in design work, the development of convenient algorithms for their automation.

The Action Strategy for 2017-2021 identifies key issues, including "... issues of accelerated introduction of information and
communication technologies in the field of road transport, engineering and communications and social infrastructure ...". To solve
such problems, the design process involves the development of various mathematical models, convenient and precise algorithms,
the creation of specific software for them.

II. MATERIALS AND METHODS

The problem of creating a mathematical model of the geometric nonlinear problem of the oscillating beam, i.e. the development
of an equilibrium equation involving a definite process, serves as an answer to the above question.

In the 70s of the last century, academician VK Kabulov developed mathematical models of the mechanics of many solids, ie
mathematical models of the laws of displacement, stress and strain as a result of vibration of the body [2].

The problem of vibration of a flat rod as a result of stress and its mathematical model, taking into account the kinetic and
potential energy, is given in the analytical formula [5], and the model for determining the tension of a rod with a right rectangular
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cross section is given in [6]. To do this, the system of differential equations on the axes OX and OU and the corresponding boundary
conditions are described.

In general, great attention is paid to the automation of design and engineering issues using modern computers using physical
and mechanical properties.

Many existing large deflection problems are limited to seeing geometric nonlinear issues. The essence of the problem we are
considering is that we consider the oscillation of the problem without a geometric line, taking into account the cross section of the
beam..

III. THE MAIN PART

Based on the Hamilton-Ostrogradsky variational principle, we derive a mathematical model of a vibrating beam, that is, a
differential equation with a special product without a geometric line and its boundary, initial conditions [2-4]. The Hamilton-
Ostrogradsky principle of variation is expressed by the following formula [2]:

5ft (K-TI+A)dt=0 (1)
Here
0K = fv po Gﬁ) dV — variation of kinetic energy (2)

p — density;

ol .
— — velocity vector

v
at

U — migration vector

According to the principle of action, potential energy is:

oIl = fV Gij(Ys”dV (3)

Here 0;; — voltage tensor
&;j - voltage tensor;

8A = [, Q 8UdV+[ N&Uds— 4)

External power variation

Here

- . —
Q — volumetric force vector; N — surface force vector;

Based on the hypothesis of plane sections, the components of the displacement vector at arbitrary points of the beam are
represented by the following formula:

Uy=U-22", Uy=V=0, U =W (5)

Here
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U, V,W — the beam represents the midlines of the displacement vector.

The relationship between voltage and voltage (Guk's law) for a beam is as follows:

011 = E x &g }
) 6
033 = 033 = 0y = 0p3 = 037 =0 ©
Here
oU W o, [0U *W)\ _
b1 =T o + 2\ % Z EP o; — an arbitrary constant number.
The external power variation (4) is as follows:
+ _ aM_ an-ll- anl_ + _
f(S‘Adt:J-f [Q: +qf +q16U+ §Q1+Q3+ ax  ox +q3 +q3 | SWi dxdt +
t t x
aw
+ [, {Pr,5U - My,8(55) + (Py, — Mgz—Mz + M,z )sw} dt N 7)
Here
Mg, = fy fz 20, dzdy, My, = fy fz zN, dzdy;
Py, = [, J, Ndzdy, Qc=J, J, Qdzdy;
q:(_) — q:(—); Mq;' = qi" * hy; MqI =q; * hy; k= 1,3.

Substituting (5), (7) -formulas into (4), (2), (3) -formulas with (5), (6) formulas and putting them in formula (1) we derive the

equilibrium equation.

U, W — An equilibrium equation is constructed based on the initial and boundary conditions to determine Thus the system of

nonlinear differential equations of the equation of motion of the beam and the boundary and initial conditions of the natural state

arise:
o‘w U o*w
FO) G m eSO g GE T e/ gagat
0? au 0w
+ ﬁ [(a3 + 010, g) M(Gxx) — 0105 WB(axx) +
d [0M
o [EP(JM)] FE (6 t) =0

2 3

ot2

2

—F(x)

x,t €Qr

w d au W
+a15(X)m+& (0.’7 + 0103 ﬁ)P(Jxx) —01054WM(0'xx) +F2(x, t) =0

®)
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{—als(x) +a21(x)a atz @ 0P (o) +

+- [(a3 t o1, )M(Uxx) Ulas Py B(Uxx)] +F;(x, t)}5(W)|

{(@r + 010 22) Plo) = 0104 2t M) = g, 5| =0 ()
{(e + 01 53) M) — on T B o) — st }5 (57)] =0
t>0

2

A 2°U
{F(x) +a,5(x) Ix ot

w
ozzj(x)a Zat}6W| =0
t

*w

{F () ——a;5(x) %0t

2w
{ alS(x) +a2](x)g at}6‘W| | =0

Here Qr={0<x<1,0<t<T}

Fx) =FF(x),  S(x) =SS,  J(x)=]oJ(x),

S1(x) = $;051(x),  B1(x) = B;,B1(x).
Here F(x) = fy J, dzdy, S(x) = fy J, zdzdy, J(x) —f J, #dzdy,

Fo(x) =max|F(x)| ....;

SI() = [, J, #dedy, BI®) =, |, z*dedy, ;

P(ox) = fy f, owdzdy = F(x) [(Bl + 018, Z_il) 3—3 + B> (Z_Z)Z] B [S(x) (/33 + 0154 Z_il) -

= | oty =560 oo Y (2]

*w ]62

0x?2 | 0x2 ’

- [](x) (ﬁ7 + 0,8 00) 01651 (1)

B(oy,) = J- f 220, dzdy = J(x) [(,810 +=0,5; ax)a_{u"'%ﬂ (%_2/)2] _

au 2wl o*w
—[5:1(x) (ﬁn + 01f12 E) — 01B13B1(x) %2 Wi
oM~ OM_+  9M, -
Fi(x,t) = ag (—a;“ tQ ot q;);

F(x,t) = ag(Qy + qf +4q1);

}6’U| =0 xe(0,1) ; (10)

1 2wl a*w
Ealj(x) ox2 | ax2’
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F3(x, t) = aS(Plv:g - Mél - Mtﬁ + qu)’

So Jo 1 1 1 * 1
a, = Fol a Fol2’ a =2 Ay ER as 7% Qe E_]o' az IE
ag = ag/l, ag=ag/l
FO 1F0 SO S(] SO 150
= =—l2, =_l, =_l3, =__l2: = lzl
B = , B = , Ps A Ba 7 Bs A Bs 27, B7
15 s s 1B
Be=1 py= =; B1o 311 - lz P12 = jlol Bz = 5%00;

1 — the length of the beam
We enter the following operators

2

LYW w) = i [asM© (0],

2

d au 0*U
(1)(u w) = 9x2 [a3M (Uxx) to (az} P M(0xx) —as == Ix2 B(Uxx)> + a3a [a P( xx)]

LYW W) = 2 [a;PO (0,)];

LPU,w) = [a7P(1)(0xx) + 0y (063 o P (0xx) — 054127‘2/1”(‘7”))] 3\

19w, w) = —[ MO (a,)];

u,w) = [a3M< () + 01 (%a M(on) — as 57 B(Uxx))] + a3 5P (0
(U W) = a;P© (0,,);

IPWUW) = a,PD (o) + 03 [a3 Z—ZP(axx) a, 22 = M(Uxx)]

U W) = a;M©(0,,);

l(l) uw) = asM(l) (Gxx) +6; [a4 M(dxx) aS %2 B(axx)]

PO(q,) = ﬂlF(x)——ﬁ3S( )2y pre

P(O)(Jxx) + P(l)(axx) = P(0xx);
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9w
ax2’

MO (0,,) = B5S(O) 5 = ) (%)
MO (0,,) + MV (0) = M(o3),

Thus we write questions (8) - (10) as follows:

% [F(x)W + a;S(x) Z—Z - azl(x)i%v [0 w) + LU wW) + Fi(x,0)] =0 an
% [F(x)u - a,5(x) %V] — LU w) + LU W) + Fy(x, )] = 0 '

(25 |5 @U - a0 2] = [0, w) + 10w, W) + F(x, )]} 5w|x = 0;

@ w) + 1P@W,w) - agPy, Jou| =0;

(@ w) + 52w, w) - aoPy, }6 (57)

ox.

=0;

X

We consider the following specific issue, for example the moving beam. The initial and boundary conditions for this are as
follows:

UO,8) = (), W(O,8) = g,(5), 22 =5(8);  (12)

92 7]
—[esU - ag @ ] - [V w) + 10 W W) + Fy(x, t)”x:l =0
W w) + 57U W) - agPg,| _ =0 ;o (13)
W) + 10U, w) - agPy,| _ =0
t>0
U, 0)=TUk), Wx0)=Wx), xe[01]; a5

a

2 [Feu - ayS@) aVXV]L:O =0; xe[0,1]; (15)

2F@W + aS@) 2~ 0y (1) 2 Y]

Slaseu-aw®| | =00

t=0

=0; xe(o,1) (16)
t=0

Here U(x) i W(x) — is the solution to the problem.

1O, w) + LV (UW) + Fy(x,0) = 0
LOUW) + L (U W) + F,(x,0) = 0
U(0) = 91(0); W(0) = ,(0), 252 = (0)
U W) + V(W W) + F(x,0)| _ =0
@, w) + 18P (U, W) — agPy,|

@, w) + 1P (U, W) — asPyg,|

r5(18)

x=1

0

x=1
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IV. CONCLUSION

From the above formulas it can be seen that if the cross section of the beam is constant and symmetrical, i.e. S(x)=0, ;=0 and
(11) comes to the nonlinear problem given in formula [3].

Thus, the mathematical model of the general problem of the oscillating beam without a geometric line is described in the form
of formulas (11), (18) based on the principle of variation.
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