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Abstract: In the work, using the variational theory, the oscillations of a thin long reinforced
round shape with dynamic wave filling, with axial assistance and taking into account friction in
contact were investigated. They were constructed depending on the period of natural oscillation
from wave formation in the circumferential direction taking into account friction in contact
between the shell and the filling. It was established that the results of the study practically do not
depend on the characteristics of the material, since the dependence of the frequency on the
Poisson ratio does not depend on the modulus of elasticity.

Keywords: connection, joint, modulus of elasticity, deformation, total energy, coefficient of
friction.

Introduction. Cylindrical shells with various fillers are widely used in various branches of
mechanical engineering. This, in turn, requires a more complete consideration of the
characteristics of materials and structures for the purpose of rational design and reliable strength
calculations. For a more reliable description of the bearing capacity of a structure, it is advisable
to take into account the forces of external action from the filler. One of such effects is its contact
with the elastic medium. The forces of external action from the filler are essentially surface
forces and are caused by the contact between the shell and the elastic filler. The contact is
complex and depends on various factors: mechanical parameters of the filler, the surface of the
shell, etc. One of the main factors is the friction forces caused by the interaction of the shell with
the filler. The solution of this type of problem is associated with a number of mathematical
difficulties, aggravated by the need to take into account dynamic effects in problems of seismic
resistance, vibration, etc., often encountered in technical calculations and modeling. Thus, the
relevance of developing approximate methods for this type of calculations is obvious, which is,
in particular, the variational method considered in this article. This is also explained by the fact
that the method allows developing consistent approximate principles of the theory of thin-walled
structures such as shells and rods. It should be noted that the solutions described in the scientific
literature relate mainly to a reinforced cylindrical shell without a filler [1-3]. Vibrations of
smooth cylindrical shells with a filler are studied quite fully in [4-7]. In [8-10], vibrations of
cylindrical shells reinforced with longitudinal ribs and filled with an elastic medium are studied.

Methods. This article is devoted to the study of free vibrations of cylindrical shells with a filler,
reinforced by discretely distributed longitudinal systems of ribs under axial compression and
taking into account the friction between the shell and the filler. An analysis of the influence of
environmental parameters on the parameters of the natural vibration frequency of the system is
carried out. The problem is solved by an energy method. The potential energy of a shell loaded
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Here & =—, & :ﬁ, 9=2:x, yz- coordinates, E_,G. - elasticity and shear moduli of the
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longitudinal ribs material, k — number of longitudinal ribs, o, - axial compressive stresses,
u,v,w - components of the shell displacement vector,2 and R — the thickness and radius of the

shell, respectively,E, v - Young's modulus and Poisson's ratio of the shell material, ., / ves Lipe

- respectively, the areas and moments of inertia of the cross-section of the longitudinal rod
relative to the axis OX and OZ, and also the moment of inertia during torsion.
The kinetic energy of the shell is:
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Here Z:ﬁ , were p,,p. - the densities of the shell and longitudinal rod materials,
Po
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respectively, 6, =k—z.
1

The interaction of the filler with the shell is represented as a surface load applied to the shell,
which performs work on the displacements of the contact surface when transferring the system
from a deformed state to the initial undeformed state.

& 2rx & 2rx

A== (qutqy+q.wdsdo+  fq.(u+v)dsdo €)
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were ¢.,q,, q. - pressure from the filler on the shell, f — coefficient of friction.
The total energy of the system is:
II=2+K+ 4, 4)
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The equation of motion of the medium in vector form has the form
[2,3]:a’qrad divS —a’rotrot S+ @’ S =0 ,05 X =L, 05T =R %)

Were a’, =(A+2u)/ p, a’e=ulp,aa, a,- the propagation speeds of longitudinal and
transverse waves in the filler, respectively; §=S5(S,S,,S.)- displacement vector; A, u - Lame

coefficients. Contact conditions are added to the systems of equations of motion of the medium
(5). It is assumed that the contact between the shell and the filler is rigid, i.e. when 7 = R :

u=S;v=_S, w=S§, (6)
qx = _O-rx’ qy = _O-re’ qz = _O-rr’ w= Sr (7)
Components o, ,0,,, O, -stress tensors are defined as follows [13-15]:
o, = o, +% ; O = ri(&)+las’
T N e A Y T ®)
oS o.,S. 10S, oS

Grr =2’v - +r—(_r)+__ +21uv_r

SOx or r  r 00 Cor

A, ., - Lame coefficients for the environment.

Supplementing the equations of motion of the filler (5) with contact conditions (6) and (7), we
arrive at a contact problem of vibrations of a cylindrical shell reinforced with cross-rib systems
filled with a medium. In other words, the problem of vibrations of a cylindrical shell with a filler
reinforced with cross-rib systems under axial compression is reduced to the joint integration of
the equations of shell theory and the equations of motion of the filler when the specified
conditions are met on the surface of their contact.

Further, we will consider shells whose edges are hinged. We seek the components of the
displacement vector of such shells in the form:

u = Acoskxcosnpexp(iot,),
9 = Bsin kxsin npexp(ioyt,), 9)

w=Csinkxcosnpexp(iot,)
Where,A, B, C — unknown constants; k:% (m=12,...), myn - wave numbers in the

longitudinal and circumferential directions, respectively, L - length of the shell,

2 2 2
a)l =2, tl = a)ol‘, a)o = %’ a)l — \/(1 |4 )pOR [0
@, (1-v))p,R E

For equal weights of the reinforced shell and the shell without reinforcement, their natural
frequencies are denoted by w and @,.

The solutions of system (5) have the form [4, 15]:
a) with small inertial effects from the filler on the process of system oscillations:

S = - krM —4(—-v )kl (kr) A + kI, (kr)B, cosne coskx exp(imt,)
s
S,= - Eln (kr)B, — % 7,r)C, singcoskxexp(iwt,)
r r
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S = — I (kr)A + %BS +21 (kr)C. cosng sinkx exp(iayt,)
r r (10)

b) the inertial effects of the filler on the process of system oscillations are significant:

X

2
S, = Askln(yer)—%ln(}/lr) cos ngcos kx exp(imyt,)

S, = -1 ()
r

@

C.nk B ol (yr
YN vl
ru n  or

o,(.r) _ Ck oL (nr) + ﬂIn(;/lr) cosng sin kx exp(iwt,)
r

sin ng sin kx exp(iwt,)

S = A

or U, or (11

Here [, - modified Bessel function of the nth order of the first kind, 4., B,,C, - permanent.
Using contact conditions (6), displacements of shells (9), solution of the equation of motion of
the medium (10) and (11), we express the constants A, B ,C, through 4, B,C. As a result, for
q.> 4-9, We find:
q, = (@1 A+ Esz + 5x3C)cosn(p coskx exp(imt,)
q, = (591 A+ 5923 + 593C) sinng sinkx exp(imyt,)
q, = (éxl A+ 5x2B + 5x3C) cosng sinkx exp(imt,) (12)
[ocne moxcranoBku (12) B (3) u wnarerpupoBanus mo & u O momyuaem s pabotsl
pacipenerIeHHbIX Harpy30K CO CTOPOHBI 3alIOJTHUTEIS, IPUIJIOKEHHBIX K 000JI0UKe:
A=-R7|5,C 4> +(S,C., +5,Cp)AB +(S,C ., + S,C,)AC +
+8,(C,,+C,)BC +5,C,,B> +5,C.,C (13)
~ 1 sin2k

Here C - constant, S, = — _sinZke, .

2 4k

Using (1), (2), (13) for the total energy of the system we obtain a second-order polynomial with
respect to the constant parameters A,B,C:

I=(¢p,-5,C, _'//110)12)142 +(@y = 85,Cp, _l//zzwlz)Bz +H(@; = S5,C,s —l//330)]2 +Ilo_x)C2 +

(@ay = S$,C, +8,Cp ) AB ++H(@5s = S,C5 + 5,C, ) )AC+ 8 (@ + Cyy + C,,) BC

Note that the quantities ¢, (i=1.2,........ ,0), v, (i=12,..... ,0), [I.(i=12) have a bulky
appearance, so we do not include them here.

The conditions of the extremum P for the parameters A, B, C reduce the solution of the problem
of vibrations of a shell reinforced by longitudinal systems of ribs filled with a medium and
subjected to longitudinal compression, taking into account friction in contact, to homogeneous
systems of linear algebraic equations of the third order, non-trivial solutions of which are
possible only if the determinant of this system is equal to zero. Equating the determinants of the
indicated systems to zero, we obtain the following frequency equation:

2py, —S5,C, — l//11w12)A +(Puy + 5,C, +5,C)B+ (955 —S,C5 +5,C,)C=0
((544 + Szcxz + Slcal)A + 2(¢2z - S1C€2 o V’zza)f)B + (¢66 + C93 + CrZ)C =0

(P55 +8,Cs + S,C, ) A+ (Pgs + Cpy + C0)B+2(py; = S,C, —yy0 +1,6,)C =0 (14)
It is easy to see that in case a) the system of equations (14) is reduced to a cubic equation with
respect to  «?, otherwise it is transcendental. Since in what follows we will be interested only
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in low frequencies of bending vibrations, this equation in case a) can be simplified by discarding
the terms with ' and ®; . B As a result we get (o] =A,):

St LS+ 1
213w+ L5V = A S =05 [ ([ + )
fi=0,-8,C; fr=0u+S,C, +S,Cpi [y =Pss +85,C,+S8,C..;
fi=0+Cp +C o fo=0y, —S,Ci+1,0,

. =

(15)
It is defined in a similar way A, for the occasion b).

Results and analysis. Let us present the results of the study of the influence of the number of
ribs and the rigidity of the fillers on the critical stress of axial compression. The calculations
were performed for the shell, medium and ribs with the following parameters:

E=E =E, =6,67 10°H/m’; v=03; x=1; n=8; h, =139mm; R =160mm;

=0,1591 107";

L, =800mm; h=0,45mm;

7R

I
F.=575mm*;, 1,=199mm"; |h|=0,1375 107'R; ﬁ_05305 10°°;

7R}

1, =0, 48mm*; £ =0,25

The calculation results are presented in Fig. 1. The dependence of the axial compression stress is
shown here. From Fig. 1 it is evident that with increasing stress the frequency of the system
decreases. In addition, taking into account friction leads to a decrease in the value of the natural
frequency of the structure under study. As noted, the method for determining the optimal
reinforcement parameters is based on a comparison of the minimum vibration frequencies of a
ribbed and smooth cylindrical shell, reinforced by longitudinal rib systems filled with a medium.

The following parameters are considered as variable: relative thickness of the shell 2" =h/R,
distances between longitudinal and transverse ribs, related to the thickness of the shell ratio of
the weight of all ribs to the weight of the shell ¢, and the ratio of the weight of the longitudinal
ribs to the weight of the transverse ribs ¢, . It is assumed that the radius and length of the shell,
as well as the characteristics of the shape of the sections of the longitudinal and transverse ribs
are predetermined. Note that for rectangular sections it is necessary to specify the relations y,

and yw, heights of longitudinal and annular ribs to their thicknesses, respectively. The
dimensionless characteristics of the ribs included in (1), (2) are expressed through the specified

parameters: *

e e R R YA

= 16V AN bl 2y 1+%}W,

7 =7 %% = ;ss”;;”%,

n® =y lél/fl;c(l)(h*)2+ % 2 , ( (1))2 a
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With this formulation, the result of the study is practically independent of the characteristics of
the shell material, since (@, ) , as is known, weakly depend on Poisson's ratio v, and their
attitude 4 do not depend on the modulus of elasticity £ . It should be noted that in order to
improve the bearing capacity of the shell, it is necessary to find such a combination of
parameters %, a,, a,, ¢, and ¢, under which u takes on the greatest value.

As an example to illustrate the changes p Depending on the relative weights of the ribs, the

results of calculations of cylindrical shells filled with a medium reinforced by longitudinally
supported rib systems are presented.

®/10% (¢ 1

5 10 15 20 G, /10° (HAT)

Fig. 1. System frequency dependencies ® = m,®, from compressive stresses

4. Conclusions

The results of the study are practically independent of the characteristics of the shell material,
since (. ) weakly dependent on Poisson's ratio v, and their attitude z do not depend on the

modulus of elasticity E. It has been established that in order to improve the bearing capacity of

the shell, it is necessary to find such a combination of parameters 4 , a,, a,, @, u @, under

which u takes on the greatest value.
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