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The impact assessment results of a three-layer truncate conical shell taper angle in its strain-
stress state under an internal axisymmetric pulse load are presented in the article. Impact of
physical and mechanical characteristics of the polymer filler reinforced by discrete ribs has been
considered. The shell taper angle impact on its strain-stress state has been determined, which
corresponds to the length change of the pipe system transition section.
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Introduction and problem statement. In modern engineering systems, the
use of layered shell structures has increased significantly, allowing to reduce the
weight and metal intensity in structures, with the purpose of ensuring their
reliability and cost-effectiveness. Largely, this is facilitated by the studies of the
stress-strain state of layered shells, which characterize the influence of geometrical,
physical, mechanical, and other factors on the SSS of such structures [1-3].
Therefore, the determination of such factors and evaluation of the effectiveness of
their influence can be significant for the use of layered shells.

In conical layered structures, the shell taper angle defined by the deviation of
its generatrix from the vertical axis can be such a factor. A number of
circumstances determine its value, including the change of the system’s transition
section length provided similar diameters of the connected elements or the change
in the diameters of these elements given the constant length of the transition
section. There is also an option when the shell taper angle changes provided the
constant length of its generatrix. In this case, one of its diameters remains
unchanged and the length of the transition section changes less significantly.

Taking into account the significant possibility of changing the value of the
indicated factor and the limited information regarding the effectiveness of its
impact on the stress-strain state of conical structures, the effect of changes in
the taper angle value of a three-layer conical shell on its stress-strain state is
being investigated under different physical and mechanical characteristics of
its polymeric filler, which is reinforced with discrete ribs when an internal
axisymmetric impulse load is applied to the shell.
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Investigation and analysis of obtained results. The research included
analysis of theoretical aspects of the tapered structures’ stress-strain state
problem and numerical calculations of the displacements and stresses of
tapered shell bearing layers as function of the value of its taper angle and the
corresponding length of the forming tapered structure.

According to the theory of thin shells [4], modeling of vibrations of three-
layered conical [3, 5] and cylindrical shells [6, 7], the deformed state of the
structures’ bearing layers is determined by the components of generalized
vectors of displacements U, = (ul,ui, @)’ and U, = (uf,u3,¢7)" . The
displacement of 3 and u; bearing layers along the generatrix S and the angle

of rotation @] at hourly moment ¢ in case of minor linear displacements are

represented by the following dependences:
uf (s,z,t)= ué] (s,t) +z;0,(s,1), 0
uy(8,2,t) = ugs(s,1),i =1,2

where z, is a vertical coordinate of each bearing layer; ¢, is a normal line

angular deflection to the median surface of the bearing layer.
Application of the light filler reinforced by discrete ribs rigidly connected

to the shell’s coating features the displacement of the given layer u(s,z,?)

and u5(s, z,t) with the following dependencies:

ul (s,2,t) = (1 +ijut (5,8)+zu (s,0);
1 R, 1o ! 2
ug (s,z,0)= uf)] (s,0).

Combining these dependences provides a theoretical determination of the
displacements of the whole shell structure, and the use of the stationary action
principle enables the control of forces and moments within the shell layers and
reinforcement of ribs by means of relations (3) and (4).

a) for bearing layers:

i _pi (g gl N i —pi (el i)
Iy —311(311+V11311)’ T22—311(€11+V11€11)a

. o . S o 3)
Ty = B3€13; My, = Djykyy; Ty = Bézglzzjs
where:
. Eh S E.h’
 __ A r 1z I, I _ 11 . —
By, = 1_"1'2 s Bis=Dysky; Dy = 12(1_‘}?)’ B22j _EJFJ"
b) for the light-weight filler:
T, = B;, (31t] +Vt3§2)§ Ty, = By, (31t] +"t51tl);
“4)

t _pt . t Nt
Ti3 = Bis&3; My, = Dyjkyy,
where:
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By, :_tht2§ By :Dlt3k12; Djy=—"—5- NG
1- 12(1-v?)

t
In equations (3) and (4) El-;Et;Dli3;D]’3;vl-;v,,Ej;vj are parameters of

physical and mechanical characteristics of the load-bearing layers’ materials,

light-weight filler and reinforcing ribs; k]2 is transverse shear coefficient in

the theory of Timoshenko-type shells.

So, theoretical determination of the stress-strain state allows us to solve this
problem for tapered layered structures. However, this process is rather labor-
intensive and, in some cases, requires nontrivial approaches. Therefore, the
finite-element modeling method was used to determine the stress-strain state

parameters of a conical structure.
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Fig. 1. Constructional design of a conical type three-layer shell:
1 — internal layer; 2 — filler; 3 — external layer; 4 — reinforcing ribs

A three-layer sheared conical structure (Fig. 1) with rigidly fixed ends was
used for the studies. The taper angle effect at constant and variable lengths of
the generatrix on the stress-strain state of the conical shell was considered. In
first case, the length of generatrix S in the middle of shell layer was 295 mm
and was constant, changing only the taper angle (from o = 10° to a = 20°) and
one of the diameters of the shell; in second case, the generatrix length was
changed from 580 mm to 295 mm as a result of a similar taper angle change
with constant diameters of elements connected by a conical structure.

The thickness of the sheathing layers was the same and was #;=h;=10 mm.
The lightweight polymer filler was reinforced with 5 discrete ribs rigidly
connected to the coatings and had a thickness of #,=0 mm. The discrete

reinforcing ribs were located at points
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5, =[6+(k~1)16]* A5,k = 15,45 = (S 5,)/30.

The Young modulus ratio of the filler’s and sheathing’s materials
corresponded to the following values E1/E;=500 and E,/E;=50. Their specified
values were E; = E; =70 GPa, Er= 0.14 and 1.4 GPa, and other indicators of
physical and mechanical characteristics had the following values u; = 13 = 0.3,
p1=p3=2.7-10° kg/m’. The diameters of the end cross sections of the studied
shells in first case were D = 800 mm and d = 697.32 mm and 600 mm, and in
second case D = 800 mm and d = 600 mm.

The boundary conditions corresponded to:

a)at s=us;:
uf:(so,t)=0; gg(so,r)=o, i=12; )
u (S,0)=0; u5(S,0)=0, i=12,
b) zero-initial conditions at /=0 have been assumed as below:
u (s,0)= %(s,o) =0,i=12;
(6)

i

1 (5,0) =%(s,0) =0,i=1.2.

The distribution of an internal pulse load QO has been implemented as
below:
k

O(t) = A*sin ", )
T

where: A4 is the pulse power load amplitude; 7 is the load duration; ¢ is the time
interval.

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

Distribution of displacements’ and stresses’ magnitudes along the spatial
coordinate S 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
was 200. The detailed and accurate calculation results have determined the
choice of the solid finite element type.

The finite element model (Fig. 2) with the generatrix length of 295 mm had
20060 solid finite elements and 24480 nodes, and with the length of 580 mm
included accordingly 39440 of such elements and 47736 nodes.

In addition to the horizontal displacements (deflections) and stresses of the
bearing layers of the analyzed conical structures, their first natural frequency
(f1) was also calculated.

In a sheared conical structure with constant cross-section diameters (D, d —
const) and a variable length of the generatrix S (depending on the taper angle),
the distribution of displacements U; along the generatrix was the least
contrasting, and their peak values were at a = 10° and the relation £, 3/E7=500.
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The maximum displacement value meeting these conditions was 29 mm and
was observed at the timepoint 77. The taper angle increase to a value of a=20°
and consequently decrease of the generatrix length from 580 mm to 295 mm
has increased the uneven distribution of horizontal displacement and reduced
its maximum value by almost 18%.

Fig. 2. The three-layer conical shell finite element model:
(a) — the loadbearing internal sheathing; (b) — the loadbearing external sheathing;
(c) — polymeric filler; (d) — reinforcing ribs

The first natural frequency of the shell in first case was fj=1072 Hz, and in
second case — 2074 Hz. At the relation £, 3/Er=50 and taper angle a=10°, the
displacement distribution along the generatrix corresponded qualitatively to its
distribution, similarly to that at £, 3/Er=500, and its maximum value 26 mm
was almost by 12% less than the similar value at £, 3/E=50. In case of the
taper angle increase to 20° and the generatrix length reduction to 295 mm, the
distribution of displacement along the generatrix length was similar, and its
maximum value U; was almost at the same level as the similar value. The
natural frequency f; was 1154 Hz at the taper angle a=10°, and it was 2203 Hz
at a=20°.

The obtained displacement results are presented in Tab. 1.

At a constant generatrix length (S=295 mm, Tab. 1), the change from 10°
to 20° of its inclination angle to the vertical axis has reduced by 21% the value
of the maximum displacement of the outer load-bearing shell layer provided
the relation FE;3/E;/=500, and almost did not change the value of this
displacement provided the relation £ 3/E7=50.
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Table 1
Maximal axial horizontal displacements u{ of the shell sheathings with

different physical and mechanical properties of the polymer filler at a
timepoint (¢)

o £, 2 Ratio of the shell inner layer Young’s moduli to the polymer filler
o £ g %’J
D 2 - =
* E\/E;=500 E\/Er=50
. Us*105,(m) 2 Us*10°,(m)
R 28 m /\\
g . /\\\ ~ @ ZANWEPN
2,1 ANV | \WIV/ZN
52 E | = (BN AVA L N N
o &y / =R A \ 2 / \ 2
Sg2 | /] \X A/
°on © 0 /| A\ S ‘ 7, \
o / ] o ok odis \ YL 0 / _—)
T 4 A % p—_ a1 o odos ok
3 N “
=0,00035 s =0,000315 s
» Us*105,(m) 2 Us*106,(m)
E 28 = 24
g 2 N\
g 20 / \\\ “
(gl \ 16
8 1 // \ ‘\ 12
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°o° j W \ 4
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1 —shell internal layer; 2 — shell external layer

The impact of angle a change on the shell stress state was similar (Fig. 3).
The maximum value of normal stress o, which was determined in the inner
bearing layer of the shell when the angle a has changed from 10° to 20°, has
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decreased by 22% when the interrelation was E 3/E7=500, and did not change
when the interrelation was E;3/E7=50. Changes in the shell taper angle had a
different impact on the time of reaching the maximum stress values. At a
constant length of the generatrix and the relation E)3/E;=50, increase of the
angle o by 10° has increased the time required to reach the maximum stress,
however remained unchanged at £, ;/E=500.

6y*10°,(Ma) 0y*10%,(Ma)
16 16

4 it 2 % ] 0 |—<4 e S
~—_" o a1 oms 0 - a0 o N— o

4 -4
(a) =0,000285s (c) £=0,0002825s
0y*10%,(Ma) 0Oy*10%,(Ma)
16 16
12 /\ 12
8 i 8
4 s - If 4
0 —— / - W: - - a"m» - ﬁ,S,w) 0 - S,(m)
4 4
(b) =0,000285s (d) £=0,00049s

Fig. 3. Maximal stress 0, of the shell bearing layers
(1 — of the internal layer, 2 — of the external layer) provided the generatrix length of 295 mm and
different taper angle values: (a) at £1/E,=500 and o=10°; (b) at £,/E>,=50 and 0=10°;
(c) at E1/E>=500 and 0=20°; (d) at E/E»=50 and 0=20°

Conclusions. The inclination angle increase of the conical layered shell
generatrix reduces significantly the stress-strain state provided the Young’s
moduli ratio of the shell and filler bearing layers is £, 3/E7=500. The maximum
displacements and stresses of the bearing layers have decreased by almost 20%
when the angle a was doubled (from 10° to 20°) and the generatrix length
remained constant. The shell stress-strain state changed significantly when the
generatrix length was increased and its inclination angle was reduced (from
20° to 10°). Its maximum displacements and stresses have decreased by 18%
and 22%, respectively.

The use of polymeric filler with relation E,3;/E;=50 has practically
eliminated impact of the generatrix shell inclination angle on the shell’s
stressed-strain state.
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Cmammas nadiviwna 22.05.2021

Tatidatiyyk B.B., Komenxo K.E.
JOCJII)KEHHA IMHAMIKH OBOJIOHKOBOI CTPYKTYPHU KOHIYHOI'O TUITY
IIPU BHYTPILIHBOMY OCECUMETPUYHOMY IMITIYJIBCHOMY
HABAHTAKEHHI

HaBeneHi pe3ysipTaTd OLIHKM BIUIMBY KyTa KOHYCHOCTI TPHUIIApPOBOI 3pi3aHOi KOHIYHOI
000JIOHKH Ha Ti HaNpyXeHO-Ie()OPMOBAHHMI CTAH MiJ Mi€F0 BHYTPILIHBOIO OCECHMETPUUHOIO
IMIyIBCHOrO ~ HABaHTAXCHHs. BpaxoBaHo BIuMB  (Di3MKO-MEXaHIYHHUX  XapaKTEPHCTHK
HOJIMEPHOTrO 3alOBHIOBaYa apMOBAHOTO AHUCKPETHHMMH peOpamu. Bu3HayeHo BIIMB KyTa
KOHYCHOCTI OOOJIOHKH Ha ii HampyxeHo-1e()OpPMOBaHMI CTaH, BiANOBiJalOYMi 3MiHI JOBXKHHU
HepexiqHol JUISTHKY TPYOHOI CHCTEeMH.

KuriouoBi ci1oBa: koHiuHa TpHuIIapoBa 00OJOHKA, KYT KOHYCa, HAIpPYXeHO-Ie)OpMOBaHHI
CTaH, IMOJIMEPHHH 3alOBHIOBAY, CKIHYCHHO-CJIEMCHTHA MOJENb, IMIYJIbCHE BHYTPILIHE
0CECHMETPHYHE HABAHTAXKCHHSL.

Gaidaichuk V.V., Kotenko K.E.
INVESTIGATION OF THE CONICAL TYPE SHELL STRUCTURE DYNAMICS UNDER
INTERNAL AXISYMMETRIC PULSE LOADING

The research included analysis of theoretical aspects of the tapered structures’ stress-strain
state problem and numerical calculations of the displacements and stresses of tapered shell bearing
layers as function of the value of its taper angle and the corresponding length of the forming
tapered structure. The taper angle effect at constant and variable lengths of the generatrix on the
stress-strain state of the conical shell was considered.

The three-layer sheared conical structure with rigidly fixed ends was used for the studies. The
thickness of the sheathing layers was the same and was 10 mm. The lightweight polymer filler was
reinforced with 5 discrete ribs rigidly connected to the coatings and had a thickness 20 mm.
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In first case, the length of generatrix S in the middle of shell layer was 295 mm and was
constant, changing only the taper angle (from a = 10 ° to a = 20 °) and one of the diameters of the
shell; in second case, the generatrix length was changed from 580 mm to 295 mm as a result of a
similar taper angle change with constant diameters of elements connected by a conical structure.

Distribution of displacements’ and stresses’ magnitudes along the spatial coordinate S was
determined by the software complex Nastran through the direct transient dynamic process
algorithm within the time interval 0 <z < 107. The time interval step duration was 0.25*10 s and
the total number of steps was 200. The detailed and accurate calculation results have determined
the choice of the solid finite element type.

In addition to the horizontal displacements (deflections) and stresses of the bearing layers of
the analyzed conical structures, their first natural frequency (f;) was also calculated.

Key words: conical three-layer shell, conical angle, strain-stress state (SSS), polymer filler,
finite element model, internal axisymmetric pulse load.

Tatidatiuyx B.B., Komenxo K.E.
HCCJEJTOBAHUE TUHAMUKHA OBOJTOYEYHOM CTPYKTYPbl KOHUYECKOI'O
THUIIA IPA BHYTPEHHEA OCECUMMETPUYHOMW UMITYJIbCHOM HATPY3KE
IIpuBeneHsl pe3yibTaThl OLEHKHM BIUSHUS YIjJa KOHYCHOCTH TPEXCIOWHOH cpe3aHHOH
KOHHYCCKOH O0O0JOYKM Ha ee¢ HampsDKeHHO-IC(OPMHPOBAHHOE COCTOSIHHE HPH BHYTPEHHEH
OCECHMMETPUYHOM  HMITYJIBCHOM  Harpy3ke. YUYTEHO  BIMSHHE  (DH3HKO-MEXaHHIECKUX
XapaKTePUCTUK  HOJIUMEPHOr0  3alOJHUTENs  apMHPOBAHHOTO  JUCKPETHBIMH  pebpamu.
OmpeneneHo BIMSHHE Yrila KOHYCHOCTH OOOJIOYKM Ha €€ HaNpsHKeHHO-Ie()OpMHPOBAaHHOE
COCTOSIHUE IPH U3MEHEHUH JJIMHBI IEPEXOJJHOI0 Y4acTKa TPYOHOH CUCTEMBI.
KiroueBble ciioBa: KOHHYECKash TpPEXCJOHHAsh 000JI0YKa, Yrol KOHYCHOCTH, HANpPSHKCHHO-
neOpMHPOBAHHOE COCTOSHHE, IIOJIMMEPHBIN HAIOJHHUTENb, KOHEYHO-JIEMEHTHAsE MOJElb,
UMITYJIbCHAas BHYTPEHHASA OCCCUMMETPHUYHAA Harpys3Ka.
KiioueBble cjioBa: KOHMYECKAas TPEXCIOiHAs 000J0YKa, Yrojd KOHYCa, HaIpsDKEHHO-
nehOPMHUPOBAHHOE COCTOSIHHE, IOJMMEPHBIA 3aIlOJHUTENb, KOHEYHO-3JIEMEHTHAs MOJENb,
UMITYJIbCHAas BHYTPEHHASA OCCCUMMETPHUYHAA Harpys3Ka.

YK 539.3

TIaioaiiyyx B.B., Komenko K.E. JlocligKeHHs TNHAMIKH 000JOHKOBOI CTPYKTYPH KOHi4HOI0
THITy IPH BHYTPIIIHBOMY 0CeCHMEeTPHYHOMY iMITyJIbCHOMY HaBaHTazkeHHi // Omip Marepiaiis
i Teopis cnopya: Hayk.-Tex. 30ipH. — K.: KHYBA, 2021. — Bun. 107. — C. 247-256.

YV cmammi nasedeni pesyibmamu OYiHKU HANPYHCEHO-0POPMOBAHO2O CMAHY MPUUAPOBOT
KOHIYHOI  000NOHKU,  6paxosyioui  ii  cmpykmypHy — 0coOmugicms,  (Di3uUKO-MEXAHIUHI
XapakmepucmuKu noAMepHO20 HANOBHIOBAUd, APMOBAHO20 OUCKPEMHUMU pedpamu.

Ta6. 1. . 3. Bi6miorp. 7 Ha3s.

UDC 539.3

Gaidaichuk V.V., Kotenko K.E. Investigation of the conical type shell structure dynamics
under internal axisymmetric pulse loading/ Strength of Materials and Theory of Structures:
Scientific-and-technical collected articles — Kyiv: KNUBA, 2021. — Issue 106. — P. 247-256.

The article presents the results of assessing the stress-strain state of a three-layer conical shell,
taking into account its structural feature, physical and mechanical characteristics of a one-piece
polymer filler reinforced with discrete ribs.

Tab. 1. Fig. 3. Ref. 7.

YK 539.3

TIawoaiiyyx  B.B., Komenxo K.O. HWccnenoBaHue JAMHAMHMKH 000J104€4YHOH CTPYKTYpPBI
KOHHYECKOr0 THIIAa TPH BHYTPeHHEH OCeCHMMETPUYHONl MMINYJIbCHOH Harpyske //
CorpoTuBIIEHHE MaTEPUAJIOB U TeOpUs coopyxenuit. —2021. — Boin. 107. — C. 247-256.

B cmamve npusedenvt pesynomamel OYeHKU HANPAHCEHHO-0EPOPMUPOBAHHOZ0 COCMOSHUSL
MPexcRounol 000A0UKU KOHUYECKO20 MUNA, YYumvléaiowjiue ee CMmpyKmyphylo 0cobeHHOCHb,
Pusuko-mexanuueckue XapaKxmepucmuKi YeabHo2o NOAUMEPHO20 HANOIHUMENS, aAPMUPOEAHHOZO
OUCKpemHbIMU pedpamu.

Tab6n. 1. Wn.3. bubmauorp. 7 Ha3B.
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