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The article presents the assessment results of the stress-strain state of a three-layer cylindrical
shell with regard to its structural feature, the interrelation of the sheathing thicknesses and physical
and mechanical characteristics of the solid polymer filler. Optimization of the structural concept is
recommended.
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Introduction. Problem statement

Over the last years, the amount of the layered shells used in different
engineering and production areas has considerably increased. Characteristic
aspects of the related design solutions were extended. The reliability control of
that kind of structures became topical.

Based on the analysis performed, the solution methods for this issue is
basically focused on ensuring such conditions at which the maximal stress-strain
state values of the shell would not exceed the specified admissible values.

The restricted regulatory and methodological bases, as well as a relatively
limited operating experience regarding the layered structures do not allow
ensuring their reliability in full. Additional efforts facilitating the optimization
of the structures’ design and engineering solutions are required: determination
of the rational balance of the structural elements’ thicknesses, the appropriate
selection of the related structural materials etc.

Efficiency effect of these efforts has been tested on the three-layer cylindrical
shell under the conditions of rigid clamping of the shell ends. Three types of
shells and the different polymer filler’s physical and mechanical characteristics
have been considered. Fig. 1 shows the shell’s flowchart, which was analyzed.
The shell’s stress-strain state indexes have been investigated provided the
following proportions of the shell’s inner and outer sheathing thicknesses:
h/hs=1, hy/hs=2, h3/hl=2 (Table 1) and the ratios of physical and mechanical
characteristics of the inner base layer and the integral filling material E//E, =
500 and E/E, = 50. Values of physical and mechanical characteristics were as
follows: E; = E5 = 70 MPa, E; = 0.14 and 1.4 MPa, u; = u; = 0.3, p1 = p3 =
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2.7%10°kg/m’. The shell’s external

3 , diameter was 408 mm and its length L
] 2 ) was 250 mm.
hy /// Table 1
% ’ Geometric parameters of the structural
XX~ elements of the three-layer shell
y L R | L | L
o ;7 ¢ h],m h3,m h,m h] h] E
1*¥10°[1*10°°[8*10°] 200 | 250 | 1.25
Fig. 1. Design of the three-layer shell: 2%10°11*103[9*10| 100 | 125 | 1.25
1 — inner layer; 2 — filling material; 3 — 1%10°12*%10°19*%10°| 200 | 250 | 1.25

external layer

The shell has been loaded by the axiosymmetrical internal impulse load
(Fig. 2). Parameters of the internal load distribution Q were set as follows:

. . Tt
o@)y=4 sm7, (1)

where: 4 — amplitude of the impulsive power load; T — load duration; ¢ — time
interval.

The following loading parameters have been accepted: 4 = 10°Pa; T =
50%10" sec.

Provided the preset loading, calculations have been performed for the time
interval 0 <t <10T.
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Fig. 2. Distribution of the internal load along the investigated time interval (7)

The stress-strain state indicators were calculated - the values of the
displacements and stresses of the shell’s bearing layers. Distribution of values
of these indicators in the XZ plane has been analyzed at the point of time when
the displacement 7}, reached its maximal value within the time interval ¢.
Calculations have been performed by the software package Nastran [6]. Values
of displacements and stresses have been calculated by applying the direct
transient dynamic process algorithm. The time interval was 0.0000025 sec, and
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the total number of steps was 200. Choice of the
solid finite element type was conditioned by
acquiring the more detailed and accurate
calculation results. The finite element model
(Fig. 3) included 19000 three-dimensional solid
finite elements and 20800 nodes.

Analysis of investigation results

The dependence diagrams of values of the
shell 7, maximal displacements in Table 2 (1 —
inner layer displacement, 2 — outer layer
displacement) demonstrate that the shell with the
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Fig. 3. The finite element model
of the three-layer cylindrical
shell

equal inner and outer sheathing layers’ thickness (%;=h;) is the most

deformation-yieldable.

Table 2

Maximal displacement 7}, of the shell sheathings having different layered
structure and different physical and mechanical properties of the polymeric
filler along the surveyed time interval (¢)
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Its displacements (7,) have the maximal values of 0.000231587 m given
E\/E,=500 at the moment of time 7= 4.5T (0.000225sec) and 7, =
0.00025297 m given E /E,= 50 at the moment of time ¢ = 4.87 (0.00024 sec).
The increased thickness of just a single sheathing increases the aggregate
deformational stability of the three-layer shell, whereas the effect can be quite
considerable. Thus, in case the internal layer thickness is doubled, the maximal
value of displacement 7, decreases by almost 37%. A similar pattern is
observed in case of similar thickening of the outer sheathing. This behavior is
observed at different ratios of physical and mechanical characteristics of the
inner carrying layer and the solid polymer filler E\/E,= 500 and E\/E,= 50.
And the value of the elasticity coefficient of the latter impacts considerably the
displacement distribution 7}, along the shell length L. Thus, at E1/E,= 500 (the
polymeric filler elasticity coefficient £, = 0.14 MPa) the distribution is quite

steady along the entire shell length

Oy*107, (Ta,
2 (na)

z with the peak values 0.000231587 m

10 at Z= 005 m; Z= 0.2m. And at
8 E]/Ezz 50 (Ez = 14 MPa), the
. e displacement distribution T,
. / \ decreases considerably and reaches
, Aﬁ \}\ its maximal value of 0.00025297 m
7 ~—— in the shell center at Z=0.125 m and

’ O_Oﬂ)/a,ﬂszs T 0,13:?\&0_0 we” falls dramatically close to its ends.
(2)1=0.00024 s At that, the displacement values of

0y*107, (la)
8

the inner and outer shell sheathings
are almost equal.

Fig. 4 demonstrates the
dependency graphs of the stress o,

2 maximal values related to the shell
, —/ \... bearing layers  (provided the
correlation E;/E;, = 50) over the

N o o1 o " investigated time interval (7).
oy (b) £ =0.000235 s As is obvious, the structure with

the equal thickness of the shell’s
layers appeared to be the most
strained. The alternate increase of
the inner and outer sheathing

S

1
/ \ thicknesses has lowered the maximal
2 strain values by almost 34%.
M__,ﬂ/// \&, Comparison of the demonstrated
o pywn Py e results to the materials of other
(c) t=0.0002375 s similar studies and cases [1-5, 7]

Fig. 4. Maximal stress 0, of the sheathing evidence the. Integrity Of_ the
bearing layers (1 — inner layer, 2 — outer layer) approaCh a_pph_ed and the expe_dlency
provided the ratio £i/E»,= 50 and the of its application when defining the

following layered structure of the sheathing stress-strain state of the three-layer
hy - hy - hs, mm: (a) 1-6-1; (b) 2-6-1; (¢) 1-6-2
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cylindrical sheathings within the time interval 0 < ¢ < 107, taking into account
other predetermined statements.

Conclusions

Consideration was given to the dynamic deformation of the three-layer
cylindrical sheathing under the conditions of the time-dependent loads in case
of rigid clamping of the shell ends.

Impact of the geometric parameters of the shell’s layers with different
physical and mechanical properties of the integral filler on the stress-strain
state under the axiosymmetrical internal impulse load conditions has been
investigated.

Change in proportions between the thickness of the inner and outer
sheathings of the shell considerably impacts the shell’s stress-strain state and
its performance. Increase of the inner sheathing thickness contributes
significantly to the increase of the shell’s performance.

Numerical results concerning the dynamics of the three-layer structure,
which have been obtained by the finite-element method, allow providing the
insight into the stress-strain state of the three-layer cylinder-type elastic
structure at any point in time within the investigated temporary time interval.
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Tatidatiuyx B.B., Komenxo K.E.
HAIPYKEHO-JTE®OPMOBAHMI CTAH TPAILIAPOBOI IUJITHAPUYHOL
OBOJIOHKH IPHU JIi BHY TPILIHHOTI'O OCECIM-METPUYHUOI'O
IMITIYJIbCHOI'O HABAHTAKEHHSI

PosrisinyTo mpoGiemy nuHaMiuHOI Aedopmanii TPUIIAPOBOI LMIIHAPUYHOI OOONIOHKH IIPU
HECTaLliOHAPHUX HABAaHTAKCHHAX y pasi JKOPCTKOrO 3aTHCKAHHS KIiHIIB 00OJOHKH. Y cTarTi
IPEACTABIICH] Pe3y/IbTaTH OL[HKH HANPY)KEHO-1e()OPMOBAHOTO CTaHY TPUILAPOBOI LUIIHAPUIHOL
000JIOHKH 3 YpaxyBaHHSM II CTPYKTYypPHHUX OCOOJIMBOCTEH, CIIIBBIIHOLICHHS TOBIMHY OOLINBKH Ta
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(i3MKO-MeXaHIYHNX XapaKTEPHCTHK LUIICHOrO MOJIMEPHOro HamoBHIOBa4a. PospaxyHku Oyian
IPOBEACHI MPOrpaMHUM KOMIUIEKCOM Nastran. 3HaueHHs MepeMillleHb 1 HampyXeHb
PO3paxoBYBAJIM 33 AITOPUTMOM IPSIMOrO MEPEXiTHOro AMHAMIYHOrO mporecy. TprBaticTh KPOKY
inTepBany uvacy cranoBmia 0,0000025 c, a 3aranpHa Kinbkicth KpokiB - 200. Bubip tumy
TPHUBHUMIPHOTO CKIHUCHHOTO eleMeHTa OyB 00yMOBIICHHH OTPHMAHHIM O1JIbLI [ETAJIBHUX | TOYHUX
pe3ysbTaTiB  poO3paxyHKy. Mojens CKiHYeHHHX eJeMeHTiB Brimodasa 19000 TpUBHMIpHHX
CKIHYEHHHX eJIeMeHTIB 1 HamiuyBaga 20800 By3miB. JlOCHIUKEHO BIUIMB T€OMETPUYHHX
HapaMeTpiB iapiB OOOJOHKH 3 PI3HUMHU (i3MKO-MEXaHIYHHMH BJIACTHBOCTSMHU LJTICHOIO
HANOBHIOBAaYa Ha HANPY)KEHO-Ae(OPMOBAHMII CTaH MHPH OCECHMETPUYHOMY BHYTPIIIHBOMY
IMIIyJIbCHOMY HaBaHT)XCHHi. UHCENbHI pe3ysbTaTH IIOAO AWHAMIKH TPHUIIAPOBOI CTPYKTYPH,
OTPUMaHi METOJOM CKIHYCHHHX EJIEMEHTIB, JO3BOJISIOTH OXapaKTepPH3yBaTH HAINpyXCHO-
nehOpMOBaHHIl CTaH TPHIIAPOBOI MPYXKHOI CTPYKTYpPH LMIIHAPUYHOTLO THIY B Oyab-sIKMH uac
JIOCJIIKYBAHOTO 1HTEpBaly 4acy. PEeKOMEHIYEThCS ONTHUMI3alliss KOHCTPYKIi 000JIOHKH. 3MiHa
CMIBBIJHOLICHHS TOBIIMHHM BHYTPIIIHBOI Ta 30BHINIHBOI MIAPiB OOONOHKH CYTTEBO BILUIMBAE Ha
HarnpyXeHo-1e(pOpMOBaHUI CTaH OOOJIOHKHM Ta ii eKCIUlyaTaliiiHi XapakTepUCTUKH. 30iIbIICHHS
TOBILMHH BHYTPIIIHBOrO LIapy OOOJIOHKH CYyTTEBO CHPHsE 30UIbLICHHIO OCTaHHBOI. ITopiBHAHHS
HABEJCHUX PE3YJIbTATIB 3 MaTepiajaMy IHIIMX MOAIOHMX IOCITIMKEHb Ta MO3MLIH, CBIIYaTh PO
00'€KTUBHICTb 3pOOJIECHOr0 MiAXOY.

Karou4oBi ciioBa: TpuinapoBa HHIiHAPUYIHA 000JIOHKA, TOJIMEPHHUN HAIIOBHIOBAY, IMITYJIbCHE
0CeCHMETPHYHE HABAHTAXKCHHS, HANIPYXKEeHO-Ie(hOPMOBaHHUIT CTaH, CKIHYEHO-EJIEMEHTHA MOIEIb.

Gaidaichuk V. V., Kotenko K. E.
STRESS - STRAIN STATE OF THE THREE-LAYER CYLINDRICAL SHELL UNDER
INTERNAL AXISYMMETRIC PULSE LOAD

The problem of dynamic deformation of a three-layer cylindrical shell under non-stationary
loads in the case of rigid clamping of the shell ends is considered. The article presents the results
of assessing the stress-strain state of a three-layer cylindrical shell, taking into account its
structural feature, the ratio of the sheathing thickness and the physical and mechanical
characteristics of a one-piece polymer filler. Calculations were performed by software complex
Nastran. The values of displacements and stresses were calculated by the algorithm of direct
transient dynamic process. The step duration of the time interval was 0.0000025 s, and the total
number of steps was 200. The choice of the type of three-dimensional finite element was due to
obtaining more detailed and accurate calculation results. The finite element model included 19000
three-dimensional finite elements and numbered 20800 nodes.

The influence of geometrical parameters of shell layers with different physical and mechanical
properties of one-piece filler on the stress-strain state under axisymmetric internal impulse load is
investigated. Numerical results on the dynamics of the three-layer structure, obtained by the finite
element method, allow to characterize the stress-strain state of the three-layer elastic structure of
the cylindrical type at any time in the studied time interval. Optimization of the shell design is
recommended. Changing the ratio of the thickness of the internal and external shells of the shell
significantly affects the stress-strain state of the shell and its performance. Increasing the thickness
of the internal layer of the shell significantly contributes to the increase of the latter. Comparison
of the given results with materials of other similar researches and positions, testify to objectivity of
the made approach.

Key words: three-layer cylindrical shell, polymer filler, pulse axisymmetric load, stress-strain
state, finite element model.

TIaoaiiyyk B.B., Komenko K.O.
HANPSI)KEHHO-IE®OPMHUPOBAHHOE COCTOSIHUE TPEXCJIOMHOM
IUWJIMHIPHYECKOM OBOJ0YKHU ITPU JEMCTBUU BHY TPEHHEM
OCECUMMETPUYHOM UMITYJIbCHOM HAT'PY3KH

B CTaThe l'lpl/lBeLleHbl pegyanaTu OLICHKH HanpsnkenHo—ue(bopmuposannoro COCTOsSIHUA
TPEXCIOWHOW IMIMHAPUYECKOH OO0O0JIOUKH, YYHUTHIBAIOLIHE €€ CTPYKTYPHYIO OCOOEHHOCTD,
COOTHOLLICHUE TOJILIIHMHBI 06LLIl/lBKl/l n (bmnKo—MCxaHuqecncue XapaKTepl/lCTl/lKl/l LECJIIBHOT'O
l'lOJ'll/lMepHOFO HaIlOJIHUTECIIA. PCKOMCH}lyeTCﬂ OIITUMH3aL U KOHCprKLll/IOHHOFO peLlIeHl/lﬂ
000JI0UKH.

KiroueBble cJIOBa: TpexcioiHas LMJIMHAPAYECKas 000JI0YKa, IMOJMMEPHBIA HAIOJHUTEINb,
UMITYJIbCHAsi OCECHMMETPHYHAsI HAarpy3Ka, HalpsHKeHHO-Ie(OPMHUPOBAHHOE COCTOSHUE, KOHEUHO-
JJIEMEHTHAsi MOJIENb
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YK 539.3

TIaioaiiyyk B.B., Komenko K.E. Hanpy:xeHo-1egopMoOBaHHUii cTaH TPUIIAPOBOI LMJIiHAPiYHOT
000JI0HKH NpH BHYTPIlIHbOMY OCeCHMETPHYHOMY iMIy/JIbCcHOMY HaBaHTaxkeHi // Omip
MaTepialiB i Teopis cropya: Hayk.-Tex. 30ipH. — K.: KHYBA, 2020. — Bun. 105. — C. 145-151.

YV cmammi nagedeno pezynomamu oyinku HanpysiceHo-0ehopmosanoeo Cmany mpumapogoi
YUHOPUUHOL 0OONOHKU, 6pAX0BYIOUL 1T CMPYKMYPHY 0COOMUBICMb, CRIGBIOHOUWIEHHS MOGUWUHU
obwueky I QI3UKO-MeXaHiuHi  XAPAKMePUCMUKU — YIIbHO20 — NOJIMEPHO20 — HANOBHIOBAYA.
Pexomenoyemuocsi onmumizayiss KOHCMpPYKYitiHO20 piuterHsi 000IOHKU.

Tabun. 2. In. 4. Bibmiorp. 7 Ha3B.
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Gaidaichuk V.V., Kotenko K.E. Stress-strain state of a three-layer cylindrical shell under
internal axisymmetric pulse load // Strength of Materials and Theory of Structures: Scientific-
and-technical collected articles — Kyiv: KNUBA, 2020. — Issue 105. — P. 145-151.

The article presents the results of assessing the stress-strain state of a three-layer cylindrical
shell, taking into account its structural feature, the ratio of the sheathing thickness and the
physical and mechanical characteristics of a one-piece polymer filler. Optimization of the shell
design is recommended.

Tabl. 2. Fig. 4. Ref. 7.
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TIaioaiiyyx B.B., Komenxo K.O. HanpsizeHHo-1e(opMUPOBaHHOE COCTOSIHME TpPeXcJIoiiHOM
IWINHAPUYECKOH 000JI0YKH NMPHU JeCTBHM BHYTPEHHEH 0CECHMMETPHYHOI MMMIYJIbCHOM
Harpy3ku // ConpoTHBIIeHNE MAaTEPUANIOB U Teopus coopyxenuit. — 2020. — Beim. 105. — C. 145-
151.

B cmamve npusedenvl pe3yibmamvl OYeHKU HANPSICEHHO-0ePOPMUPOBAHHO20 COCMOAHUS
MPexciouHol YUIUHOPUYeCKou 000N0UKU, Yyuumbvleaowue ee CmMpyKmypHylo 0coOeHHOCHDb,
coomHoweHue MOAWUHBl  OOWUBKU U  PUBUKO-MEXAHUYECKUe XAPaKMEPUCmuku YeabHO20

NOAUMEPHO2O0  HANOJHUMEIA. PeKOMeH()yemCﬂ onmumuszayus KOHCMPYKYUOHHO20 peutenus

060104KU.
Tab6un. 2. Y. 4. bubaunorp. 7 Ha3s.
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