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On two size types of the semispherical three-layered structures, impact of the surface curvature
and impact of the pulse dynamic loading on the stress-strain state (SSS) of these structures has
been investigated. Values of normal stresses and vertical displacements of the structures’ bearing
layers and distribution of these indicators along the spatial coordinate have been determined. A
finite element calculation method implemented within the software calculation complex
NASTRAN has been applied.
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Introduction and problem statement. Layered shells are often used in
objects and facilities related to the space, military industry, innovative
machine-building enterprises etc. The extent of using such structures is
preconditioned by a number of circumstances, the most important of which is
optimization of their design solutions.

To a significant extent, this problem has been positively addressed through
theoretical basic provisions described in writings [1,2], reference and other
materials [3]. Also, positive effect is given by the results of investigations,
which characterize impact of geometric and physical and mechanical
properties of such structures on their stress-strain state [4-5].

Extending and enhancing such information could contribute to taking early
efficient design decisions, which would prevent negative consequences.

In this respect, assessment of the shell’s Gaussian curvature magnitude impact
and the dynamic pulse load impact direction on the shell deserve specific
attention. Impact of these factors on the layered shell’s stress-strain state has
been performed using two size types of hemispherical three-layered structures.

Investigation and analysis of obtained results

The efficacy of mentioned factors has been investigated using
hemispherical three-layered structures with different surface curvature and
other similar geometric and physical and mechanical properties. The pulse
dynamic loading of structures also had similar parameters and was applied in
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the forward and the opposite directions. Values of the structures’ bearing
layers’ spatial displacements (u;,u; ) and normal stresses (o;,05 ) and their

distribution along the spatial coordinate o have been determined. During the
analysis, the obtained results were additionally compared to the investigation
results of other authors.

In compliance with the hypothesis of thin-layered shells [6], determining
SSS parameters of such structures is based on applying a non-lineal theory of
structural orthogonal Timoshenko-type shells, in the quadratic approximation.
Equation of motion for such structures appear as follows [2]:
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Equations (1), (2) are supplemented by corresponding initial and boundary
conditions (s =s;p,5 =5;y).

Calculations of spatial movements and normal stresses values along the
spatial coordinate ¢« has been performed by applying a finite-element
modeling adjusted to specific structures.

The finite-element models reflected relation between the potential energy of
deformation and the potential of external loads [5]:

H=E+W, (3)
where E is the potential energy of deformations and W is the potential of
external loads.

After splitting the integral field into the separate elements, equation appears
as follows:

E E
H=Z(E(e)—W(e))=Zﬂ'(e). (4)
e=1 e=l1

The global stiffness matrix [ K ] and the global column vector {F} in the

matrix equation

[KJ\U}={F} (5)
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correspond to correlations:

DM

[K]=3[+], ©)

{F}= —Z}{f‘”}- @)
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Two layered hemispheres (fig. 1) have been analyzed with the clamped
footing and diameters (D;=0.30 m, D,=0.60 m), which had similar bearing
layers’ thickness (41=h;=0.010 m), polymeric filler with #,=0.020 m thickness,
reinforced with the discrete stiffening rings rigidly bound to the bearing layers.
Each hemisphere consisted of five rings located in points, which have been

o L

calculated according to the dependence below: o, =k*Aa, k=1,5, Ao = % .
Shells with the Young’s moduli ratio of the filler and shell sheathing
materials E;/E;y =500 have been studied. Values E;=F; were 70 GPa,
E=0.14 GPa, and other values were as below: w=u3=0.3,
p1=ps=2.7%10’ kg/m’.
The pulse load distribution P(¢) was as below:

P(t) = A*sin”?’[n(t) ~n(t-T1), (8)

where T is load duration; ¢ is time interval; 4 is the pulse load amplitude. The
following loading parameters have been accepted: 4 = 10°Pa; T'=50*10"s.

Distribution of displacements and stresses along the spatial coordinate o
was calculated according to the direct transient dynamic process algorithm
within the time interval 0 <7 < 107. Calculations have been performed by the
software complex Nastran. The time interval step duration was 0.25- 10, and
the total number of steps was 200.

Fig. 1. Constructional design of a spherical type three-layer shell:
1 — inner layer; 2 — filler; 3 — outer layer; 4 — reinforcing ribs
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Choice of the finite element model type was conditioned by the goal of
obtaining reliable and precise results. The finite element model of the structure
with the diameter D = 0.3 m (Fig. 2) had 83250 finite elements and 99906
nodes, and with the diameter D = 0.6 m it includes 22200 such elements and
26646 nodes, respectively.

The bearing layers’ displacement results related to the analyzed structures
under the internal pulse load impact are shown in Table 1.

As seen, vertical displacements of both structures reach their maximums

near the poles of the structures at a = % .

(d

Fig. 2. Finite-element model of the three-layered hemispherical shell:
(a) — inner load-bearing sheathing; (b) — same, outer; (c¢) — polymeric filler; (d) — reinforcing rings

Provided the inner loading, maximal displacements of the structure having
lesser diameter (D=0.3 m) have been detected at 8.257, and having bigger
diameter (D=0.6 m) — at 7.77. Absolute value of the inner layer displacement

(uf ) in the structure with the smaller diameter appeared to be greater. It has far

exceeded the displacement value of a similar layer within the structure
(D=0.6 m).

Provided the outer loading, displacements of the outer layer of both
structures appeared greater. At that, its absolute value in the structure D = 0.3
m appeared practically similar to that in the structure D = 0.6 m. Its maximal
value in the lesser diameter structure has been detected at 107, and in the
structure D=0.6 m — at 8.37. Provided this loading direction, maximal
displacement value has considerably exceeded displacement caused by the
inner loading in both structures.

The structure with the lesser diameter appeared more stressed (Fig. 3).
Maximal stress values in the inner layer of this structure exceeded for over
20% its values detected in the bigger diameter structure.
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First natural frequency of the structure D = 0.3 m was 2740 Hz, and of the
structure D = 0.6 m it was 1417 Hz.

Table 1

Maximal vertical movements ul’ of the sheathing shells with the polymeric
filler £,/E7=500 at time (7)

Pulse Hemispherical three-layer structures
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Fig. 3. Normal stress of bearing layers of the median surface of sheathings under the inner loading:
(a) —shell D=0.3 m; (b) —same D=0.6 m

Conclusions

Value of the Gaussian curvature of the layered shell structures impacts their
stress-strain state. Increase of the surface curvature of spherical structures
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under the impact of the dynamic pulse load increases the displacement and
stress of their bearing layers.

In a three-layered hemispherical structure, the diameter decrease from 0.6 m
to 0.3 m decreases the displacement of the structure’s bearing layers. At that,
this became more significantly apparent under the outer loading of the
structure.

REFERENCES

1. Lugovoi P. Z., Meish V. F. Dynamics of inhomogeneous shell sysnems under non-stationary
loading (survey) // International Applied Mechanics — 2017, 53, Ne 5 — P. 481-537.

2. Dynamic problems in the theory of sandwich shells of revolution with a discrete core under
nonstationary loads // International Applied Mechanics — 2002, 38, Ne 12 — P. 1501-1507.

3. Timoshenko S.P., Woinowsky-Krieger S. Theory of Plates and Shells. Second Edition. New
York etc.: McGraw-Hill Book Company INC, 1959. 636 p.

4.  Gaidaichuk V.V., Kotenko KE. Stress - strain state of a three-layer cylindrical shell under
internal axisymmetric pulse load ¢ Strength of Materials and Theory of Structures. — 2020. —
Issue. 105. — P. — 145-151.

5. Lugovoi P.Z., Gaidaichuk V.V., Skosarenko Yu.V., Kotenko K E. Stress - strain state of the
three-layer cylindrical shells with reinforced lightweight filler under nonstationary load //
International Applied Mechanics — 2021, 57, Ne 4 — P. 23-34.

6. Novozhilov, V.V. (1948). Fundamentals of the nonlinear theory of elasticity. Leningrad—
Moscow: Gostekhizdat (in Russian).

Cmamms naoditwna 10.02.2022

TIanoaiiyyk B.B., Komenko K.E., Pygin O.I.
BILJIUB HATIPSIMKY JIIi IMITYJIbCHOI'O IMHAMIYHOI'O HABAHTAKEHHA I
KPUBU3HU IOBEPXHI HA HAIIPYKEHHO - JIEGOPMOBAHU I CTAH
TPUIIAPOBOI COEPUYHOI OBOJIOHKH

Ha nBoX THUIOBHX pO3Mipax HamiBCEpPUYHHX TPUILAPOBUX CTPYKTYP MOCIHIIKEHO BILIUB
KPHBH3HU TOBEPXHI 1 HAmpsM Aii IMIyJbCHOrO IMHAMIYHOrO HAaBAaHTAXXCHHS HA HAIMPYXCHO-
nehopMOBaHHMIl CTaH LUX CTPYKTYp. BuH3HAYeHi BEIMYMHM HOPMalbHUX HANPYXKEHb 1
BEPTHKAIBHUX NMEPEMIILIEHb HECYUIHX IIAPiB CTPYKTYP 1 PO3MOMLT LUX MOKA3HHUKIB [0 IIPOCTOPOBIit
KOOpAMHATI. BH3HaueHO BIJIMB KPHBH3HM MOBEPXHI TPUILApoBOI MiBCHEpHUHOI 00OJOHKU Ha ii
Hanpy)KeHO-1e()OpPMOBAHMI  CTaH IPH  BHYTPIIHBOMY 1 30BHIMIHBOMY  IMITYJIbCHOMY
HAaBaHTAXKCHHI. BpaxoBaHO (i3MKO-MeXaHIYHI XapaKTEPUCTHKH IMOJIIMEPHOr0 3allOBHIOBaYa
apMOBAHOI'0 IUCKPETHUMHU pedpamu.

KarouoBi ciioBa: Tpuiaposa cdepruuHa 000JIOHKA, HANPSIM Jii HABAHTaKCHHsI, HANPY>KEHO-
nehOpMOBaHHIl CTaH, CKIHYEHO-CIEMEHTHA MOJEINb, IMIYJIbCHE BHYTPILIHE BiCECHMETPHYHE
HaBaHTa>XXCHH.

Gaidaichuk V.V., Kotenko K.E., Ruvin O.G.
IMPACT OF PULSE DYNAMIC LOADING DIRECTION AND SURFACE CURVATURE
ON THE STRESS-STRAIN STATE OF A THREE-LAYERED SPHERICAL SHELL

On two size types of the semispherical three-layered structures, impact of the surface curvature
and impact of the pulse dynamic loading on the stress-strain state (SSS) of these structures has
been investigated. The layered hemispheres have been analyzed with the clamped footing and
diameters (D,=0.30 m, D,=0.60 m), which had similar bearing layers’ thickness (4,=/3=0.010 m),
polymeric filler with 4,=0.020 m thickness, reinforced with the 5 discrete stiffening rings rigidly
bound to the bearing layers.

Values of normal stresses and vertical displacements of the structures’ bearing layers and
distribution of these indicators along the spatial coordinate have been determined. Distribution of
displacements’ and stresses’ magnitudes along the spatial coordinate & was determined by the
software complex Nastran through the direct transient dynamic process algorithm within the time
interval 0 < ¢ < 107. The time interval step duration was 0.25%10° s and the total number of steps
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was 200. The detailed and accurate calculation results have determined the choice of the solid
finite element type.

Value of the Gaussian curvature of the layered shell structures impacts their stress-strain state.
Increase of the surface curvature of spherical structures under the impact of the dynamic pulse load
increases the displacement and stress of their bearing layers.

In addition to the vertical displacements and normal stresses of the bearing layers of the
analyzed semispherical three-layered structures, their first natural frequency (fi) was also
calculated.

Keywords: three-layered conical shell, loading direction, stress-strain state, finite element
model, axisymmetric pulse load.
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On two size types of the semispherical three-layered structures, impact of the surface curvature
and impact of the pulse dynamic loading on the stress-strain state (SSS) of these structures has
been investigated. Values of normal stresses and vertical displacements of the structures’ bearing
layers and distribution of these indicators along the spatial coordinate have been determined. A
finite element calculation method implemented within the software calculation complex NASTRAN
has been applied.

Tabl. 1. Fig. 3. Ref. 6.
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