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The dynamic behavior of a three-layer cylindrical structure of normal elliptical cross-section
with a discrete polymer filler under internal non-stationary loading was investigated. A finite

element model of the structure was created and calculations of normal deflections U, and normal

stresses G,, ofits bearing layers were performed using a software and calculation complex Fimap

with NX Nastran. The values of deflections and stresses of the specified layers in the absence and
presence of reinforcement of the polymer aggregate structure at the ratio of elasticity of the
material of bearing layers and aggregate are given E| ,/E=500.
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Introduction. Design and technological solutions of modern machines,
mechanisms, building and other structures often use elements and parts of thin-
walled layered shells.This reduces the metal consumption and weight of
structures and allows, due to the use of their increased resistance to dynamic
influences, to ensure the reliability of structures and guarantee their durability.
Therefore, it is of particular importance to determine these factors and assess
the degree of their influence on the dynamics of layered structures [1].

In layered shells, one of such factors may be the reinforcement of their
polymer filler with metal stiffening ribs. To determine the nature and
significance of this factor's influence, was studied the dynamics of a three-
layer cylindrical shell of normal elliptical cross-section with the absence and
presence of reinforcement of its polymer filler with metal ribs (Fig. 1).

The expediency of using such a structure design is due, first of all, to the
established zone of maximum influence on the dynamics of this structure
under internal impulse load. Such zone, as investigated in [2], is the vertical S
cross-section of the structure wall.
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Fig. 1. Fragment of the construction of a three-layer cylindrical shell with a polymer filler
reinforced with stiffeners: 1 - inner layer; 2 - polymer aggregate; 3 - outer layer;
4 - reinforcing ribs

Statement of the problem. The dynamics of the bearing layers of a three-
layer cylindrical shell of elliptical cross-section was studied with the following
parameters: the bearing layers (inner and outer) of both structures , = h, =
0,00l m and made of material with the same physical and mechanical
properties. The modulus of elasticity of the material of the bearing layers and
reinforcing ribs of the aggregate E, = E5 = 7%10'Pa, its density p; = p; =
2,7%10°kg/m’, Poisson's ratio u; = w3 = 0.3, density of the aggregate p, =
25 kg/m3 . The total wall thickness of the cylindrical structure is #=0,010m, and
other parameters have the following values:

L=040m, L=04; L =01, 2=110; F,=H, h,=6,4-10"m>,

h] hl b J J
reinforcing ribs of the structure (parallels) are located at the following points:

x; =[16+17(k-=1)]Ax, k=15, Ar=L/100,

where & - is the number of reinforcing ribs taken in the calculations.

The dynamic behavior of both structures was evaluated by the values of
normal deflections of the median surfaces of the bearing layers and their
normal stresses.

The distribution of the pulse load P(f) was carried out as shown in Fig. 2
and had a time interval 0 <7< 107> 4 = 10°Pa; 7=50*10"s

P() = A-sin T (o) -n(t= 1)), (1)

where: n(¢) — Heaviside function; 4 — pulse load amplitude; T’ — duration of

load time; ¢ — time interval.
The load parameters were taken accordingly: 4 = 10°Pa; T=50*10"s.
It is assumed that the ends of the shells are rigidly fixed:

U=U,=Us;=¢; =¢; =03 =0.
Was used the finite element method of calculations of normal deflections
U; and normal stresses G,, [6]. And the calculations were performed by the
software and calculation complex Fimap with NX Nastran algorithm of direct
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transient dynamic process by analogy with the calculations of other three-layer
structures [3-5].
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Fig. 2. Distribution of pulse load P(f)

In the general formulation, the finite element method involves determining
the fieldof displacement vector of an elastic system characterized by
minimizing its potential energy, and after its determination, the displacement
and stress tensors of this system are calculated [3]. And if the total potential
energy of the system has the form:

H=E-W, 2)
where E — is the potential energy of deformations, W — is the potential of
external loads

Then after splitting the whole field into separate elements the potential
energy of the system changes accordingly:

E E
II = Z(E(C’) _W'(@))= Z‘{n(@). (3)
o=

e=l1
Global stiffness matrix [K] and the global column vector {F} in the matrix
equation:
(K]} = {F) @

correspond to the ratio:

E E
[K]= X[k ] {F}=-2{r). )

e=1 e=1
Minimization of the total potential energy of the system, as a result of the

influence of force, heat or other factors provides a solution to the problem.

Even though this method is quite universal and effective, its use requires
considerable professional skills, and in some cases - even an intuitive sense of
the situation. To determine the values of normal deflections and stresses, was
created a finite element model of the structure (Fig. 3). When creating it, was
used a three-dimensional volumetric finite element of Solid type, which by the
aspect ratio,taper and warping, internal angles and other indicators met the
quality assurance requirements of the finite element mesh of the Nastran



ISSN2410-2547 241
Omip matepianiB i Teopis cropyx/Strength of Materials and Theory of Structures. 2023. Ne 110

complex [7]. The finite element model of the three-layer cylindrical shell had
120000 finite elements and 141400 nodes.

(a) (W] © (d
Fig. 3. Finite element model of a three-layer cylindrical shell of normal elliptical section:
(a) internal load-bearing cladding; (b) same outer cladding; (c) polymer aggregate;
(d) reinforcing ribs

In determining the effect of reinforcement of polymer aggregate on the
dynamics of the structure, were investigated its variants including the presence
and absence of reinforcement of polymer aggregate with metal ribs. In both
cases, deflections and stresses in the median surfaces of the bearing layers

were calculated in the section S in the region: D={0< S, <L}.

Results and their analysis

The results (Fig. 4 (a), 5 (a)) show that the normal deflections of both
bearing layers have almost the same values, and their maximum values are
reached: in the first case at =8.657, and in the second - at /=8.77T, and the
maximum deflections of these layers in the absence of aggregate reinforcement
(Fig. 4 (a)) are almost 35% higher than their value in its presence (Fig. 5 (a)).
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Fig. 4. Maximum values of normal deflections (a) and stresses (b) of bearing layers of cylindrical

three-layer structure without aggregate reinforcement (section S7):
1- inner layer; 2- outer layer
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Fig. 5. Maximum values of normal deflections (a) and stresses (b) of bearing layers of cylindrical
three-layer structure with aggregate reinforcement (section S/):
1 - inner layer; 2 - outer layer

A similar nature of the influence of reinforcement is shown by changes in
the values of normal stresses of the median surfaces of the bearing layers of
structures (Fig. 4 (b) and Fig. 5 (b)).

The variant of the structure design in which the polymer aggregate was
completely absent was also researched. In this case (Fig. 6), the main impact of
the dynamic load was taken by the inner layer of the structure. The difference
between the values of maximum deflections of the inner and outer layer
wassignifican.

Thus, these results indicate a significant influence of the factor of
reinforcement of polymer aggregate on the dynamics of the entire structure.
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Fig. 6. Maximum values of normal deflections of a cylindrical three-layer structure with ribs
without aggregate (section S1): 1 - inner layer; 2 - outer layer

Conclusion

Reinforcement of polymer aggregate with metal stiffening ribs significantly
affects the dynamic behavior of the three-layer cylindrical structure. The
presence of this factor synchronized the stress-strain layer of the bearing layers
of the structure, reduced the values of normal deflections and stresses of the
bearing layers of the cylindrical three-layer structure. The effectiveness of
reinforcement of polymer aggregate is confirmed by other materials [3-5], which
indicates the feasibility of the practical use of such a constructive measure.
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Tatidatiuyx B.B., Komenxo K.E., Jlazapesa M.B.

BIIJIUB APMYBAHHSI IIOJIIMEPHOI'O 3AITIOBHIOBAYA HA JIMHAMIKY

TPUAILIAPOBOI IAJITHAPUYHOI CTPYKTYPH EJINTUYHOI'O MEPETUHY
JlocnipkeHa AMHAMiYHA TOBEiHKA TPHIIAPOBOI LMIIHAPUYHOI CTPYKTYPH HOPMAJIBHOIO

CNINTHYHOTO MEePEeTHHY 3 MAWUCKPETHHM IIOJIMEPHHUM 3aIlOBHIOBAYEM IIPH BHYTPIIIHbOMY

HecTaliOHapHOMY HaBaHTaXeHHi. CTBOpEHa CKiHUCHHO-EJIEMEHTHA MOJIEIb CTPYKTYPH I BUKOHAHI

PO3paxyHKM HOPMAlbHUX NPOruHiB U, 1 HOPMaIbHMX HANPYXKEHb G,, ii HECyuuX wWIapis

HPOrpaMHO-PO3PaXyHKOBUM KoMIuLIekcoM FimapwithNXNastran. TIpuBeaeHi BeIMYUHH IPOTHHIB 1
HaNpy)KeHb YKa3aHHUX IIApPiB IPH BiICYTHOCTI i HAsBHOCTI apMyBaHHSI IIOJiIMEPHOrO 3allOBHIOBAaYA
CTPYKTYpPH TpH CIIBBIIHOLICHHI NPYXHOCTI MaTepialy HECydMX IIapiB 1 3amoBHIOBaya
E[]/E;ZSOO.

ApMyBaHHSI ITOJIIMEPHOr0 3aII0BHIOBAaYa METAJIEBUMH PeOPaMH JKOPCTKOCTI 3HAYHO BILIMBAE HA
IUHAMIYHY IIOBEOIHKY TPHIIAPOBOI LMIIHAPUYHOI CTpyKTypu. HasBHICT 1bOro (Qaxropa
CHHXPOHH3yBalla HAIPYKCHHO-AeGOPMOBAHMH IIap HECYYHX MLIAPIB CTPYKTYPH, 3MEHILIHIO
BEJIMYMHN HOPMAJBHUX IPOTHHIB 1 HaNpy)XeHb HECY4YHX MIAPiB LWIIHAPUYHOI TPHILIAPOBOI
crpykrypu. EdexTuBHiCTh apMyBaHHS IOJNIMEPHOrO 3alOBHIOBaYa IMIATBEPKYIOTH 1 iHII
MaTepiaid, IO CBIAYUTH PO JOLIIbHICT MPAKTHIHOIO BUKOPUCTAHHS TAKOTO KOHCTPYKTHBHOIO
3aX0my.

Kia04oBi ci1oBa: TpuiiapoBa HHIiHAPHYIHA 000JIOHKA, OJTIMEPHHUI 3allOBHIOBAY, CKIHYECHHO-
elIeMEeHTHA MOJielIb, CIINTHIHUH IePETHH, IMITYIbCHE HaBaHTA)KCHHS, HECYU Uil 1ap.

Gaidaichuk V.V., Kotenko K.E., Lazareva M.V.

INFLUENCE OF POLYMER AGGREGATE REINFORCEMENT ON THE DYNAMICS

OF THREE-LAYER CYLINDRICAL STRUCTURE OF ELLIPTICAL CROSS-SECTION
The dynamic behavior of a three-layer cylindrical structure of normal elliptical cross-section

with a discrete polymer filler under internal non-stationary loading was investigated. A finite

element model of the structure was created and calculations of normal deflections U, and normal

stresses G,, ofits bearing layers were performed using a software and calculation complex Fimap

with NX Nastran. The values of deflections and stresses of the specified layers in the absence and
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presence of reinforcement of the polymer aggregate structure at the ratio of elasticity of the
material of bearing layers and aggregate are given E; ,/E=500.

Reinforcement of polymer aggregate with metal stiffening ribs significantly affects the
dynamic behavior of the three-layer cylindrical structure. The presence of this factor synchronized
the stress-strain layer of the bearing layers of the structure, reduced the values of normal
deflections and stresses of the bearing layers of the cylindrical three-layer structure. The
effectiveness of reinforcement of polymer aggregate is confirmed by other materials, which
indicates the feasibility of the practical use of such a constructive measure.

Keywords: three-layer cylindrical shell, elliptical section, polymer aggregate, finite element
model, impulse load, bearing layer.
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