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Abstract. The process of deformation and buckling of shallow thin-walled elastic conical
shells has been investigated for the case of significantly non-uniform stress-strain state due to the
action of wind load based on improved model of pressure application schema to the surface of
shallow shell and for hinged hedge of border. An improved model of wind load was based on data
presented in terms [5, 6] and was a logical continuation of previous investigation of wind action on
shallow conical shells based on model of first approach [3].

Deformation and buckling process investigation has been carried out using software ANSY'S
which effectivity was approved by the fact of being used by NASA for its aerospace projects. A
model of shallow conical shell has been made using four-corner finite element SHELL 281 with 8
nodes that let us obtain not only symmetrical relatively to the axis of rotation buckling form but an
asymmetrical too. Two types of computation have been made during numerical modeling — linear
bifurcation computation with determination of linear pressure q. value and corresponding to it
buckling form, and computation of geometrically non-linear problem of deformation with
determination of limit pressure q;m and corresponding buckling form. Obtained buckling forms
have been compared to the deformed shape of shell surface when aerodynamic computations have
been carried out using software ANSYS.

An estimation analysis has been made for case of application of improved model of wind load
in comparison to the previous investigation according to the values of baring capacity and buckling
shape coherence during resolution of static tasks and comparison to the results of aerodynamic
solution. An analysis of base parameter influence has been carried out for the model of first
approach and current improved model according to the bearing capacity value and local extremums
on schema of pressure intensity distribution of wind load. Specific moments of deformation process
computations based on improved model using environment ANSYS have been mentioned and of
further analysis on the basis of improved model with it specifics have been given too.

Keywords: shallow conical shell, wind load, ANSYS.

Introduction. Shallow thin-walled closed conical shells have become widespread in
industrial, petroleum-chemical, aerospace, civil construction and production due to the simplicity of
production and reliability of structure. Shallow conical shells may play a role as cover construction
for silo or reservoirs as well as element of bottom part of silo and parts of mechanisms. Topic of
shallow conical shells is well investigated but there is a need to investigate better the deformation
and stability of shells in case of wind load. This fact proves that this problem is actual for today.

Analysis of previous investigations and publications. A series of shallow conical thin-walled
closed shells of small scale in large specter of geometrical properties has been made on the territory of
Ukraine for the period from 2010 to 2020 year. Geometrical properties of shallow conical shells
belonged to the next specters: parameter of thickness R/h = 100...2000 and the angle of origin incline
of shell origin related to the base plane o = 0...20° [1, 2].
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Formulation of the problem. Based on the above, we can conclude that the studied shells
were in the circumferential direction under conditions of homogeneous stress-strain state (SSS) at
the stage of deformation, which corresponded to the critical upward branch of the equilibrium states
of dependence "g-w/h". Homogeneous in the circumferential direction SSS is an important factor
for modeling and analyzing the behavior of sloping conical shells, but, at the same time, in reality
such situations are unlikely due to imperfections in the material and geometry of real structures and
different combinations of shell actions [1, 3, 4]. In this regard, it is important to study the process of
deformation and loss of stability of shallow conical thin-walled shells under the condition of
significantly non-homogeneous SSS due to the presence of wind load in the static setting. General
recommendations for the calculation of shallow conical shells under wind load are given in the
normative document [5, 6] only for non-shallow conical and spherical shells with an angle of
formation o > 20°, while for shallow conical shells a < 20°, which leads to the need of modeling
and calculation of wind load on the surface of a shallow conical shell by complex analytical
calculation or the use of specialized software and even conducting experiments in the wind tunnel.
Similar physical experiments and simulations in a numerical environment were performed for a
shallow spherical shell, the ratio of height to the width of the base of which was 1:12 [7].

The application of the above methods for modeling and calculation of the process of deformation
of shallow conical shells under wind load is associated with significant human-hour resource costs and
capacity of calculation systems, which is the need to develop and test a calculated model of nonlinear
pressure distribution from wind load on the shell surface for modeling wind influence in a static
setting. The model of wind load on the surface of the shell in the first approximation has already been
developed [3], so this work is devoted to further improvement of the previously created model for
further application in calculations in the software environment ANSYSS.

Purpose and objectives. The aim of the study is to analyze in detail the process of
deformation and stability of shallow thin-walled conical shells under the action of wind load on its
surface, based on the previously developed model of intensity and sign of pressure applied to the
shell surface, and improvement of this model taking into account two parameters. The first
parameter is the location of the point for calculating the intensity of the applied pressure on the
generating flat conical shell. The second parameter is the angle between the projection of the above
forming shell and the axis of flow of air masses on the plane of the base of the shell. The process of
deformation and loss of stability of a hollow conical shell is investigated when performing
calculations of three types of problems: linear stability problems (bifurcation), geometrically
nonlinear deformation problems and aerodynamic modeling of wind influence on a shallow conical
shell. All three calculations are performed in the numerical environment of the SW ANSYS, so the
purpose of the study is also to evaluate the use of this software to solve such problems, as well as
the adequacy of the results obtained through its use.

The task of the study consists of the following:

1) To create an improved model of pressure intensity distribution on the surface of the shell
from wind load, taking into account changes in the value and sign of the pressure applied to the
surface in the circumferential direction and along the generative of shell.

2) To investigate the process of deformation and loss of stability of shallow conical thin-
walled shells under the action of pressure from wind load during solving problems of linear stability
(bifurcation) and problems of geometrically nonlinear deformation in SW ANSYS using the
developed improved model.

3) Investigate the process of deformation of a shallow conical shell in a dynamic setting by
modeling the wind load as a result of the influence of the flow of moving air masses on the surface
of a flat conical shell inside the above flow.

4) Compare the results of solving three problems of deformation and stability of sloping
conical shells under the action of wind load, performed in the numerical environment of the SW
ANSYS, and perform their comparative analysis and assess their adequacy.

Materials and research methods. Numerical analysis of the stability problem of elastic
closed flat conical shells was performed by modeling and calculating them in a wide range of
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geometry changes in the ANSYS PC environment. The ratio of the radius of the shells base to their
thickness was R/h = 100+500. The angle of inclination of the generating cone to the plane of its
base was o = 4 and 10°, the radius of the cone base R = 2 m. Shell material is alloy steel (X18H9H,
Young's modulus E =2x10° MPa; Poisson's ratio — v=0.3; conditional yield strength —
002 — 800 MPa).

The shell was loaded by external non-homogeneous pressure, the intensity of which varies both
in the circumferential direction of the shell and in the longitudinal direction along the origin from its
beginning to the end. The intensity of the values of the applied non-homogeneous pressure at any point
on the surface of the shell varies according to the following trigonometric dependence (1):

q=cos(p) x C1 x C2, 1)

where: q is the value of the pressure applied at a particular point on the surface; f is the angle
between the projection of the axis of air masses flow moving along the shallow conical shell and the
projection of the origin shell passing through a specific point on the surface of the shell, on the
surfaceof the base of the shell base; C1 is a coefficient that takes into account the location of the
point on the windward or leeward side; C2 is a coefficient that takes into account the change in the
intensity of the applied pressure from the base of the shallow conical shell to its top, which is due to
the gradual decrease in the width of the cross section of the shell along its height.

The location of the shallow conical shell in the flow of air masses is determined based on the
relevant schemes (Fig. 1), as well as the procedure for determining the coefficients C1 and C2 for
the dependence (1). Shown in Fig. 1 diagrams display the following information: AB is a projection
of the axis of air masses moving along a shallow conical shell; CO’ — the origin of a flat conical
shell that rotates around the axis of the shell OO’; CO is the projection of the forming shallow
conical shell on the plane of its base. As mentioned above, the angle B is the angle between the
corresponding projections of the origin CO of the flat conical shell and the flow axis of the air
masses AB moving along the shell. The point of meeting of a flat conical shell with air masses
corresponds to point A, which is the windward side of the shell, and the opposite point B belongs to
the leeward side.

A

Fig. 1. Calculation schemes for determining the coefficients C1, C2 and the angle B for the
dependence (1)

The trigonometric function cos () given in dependence (1) allows us to describe the nature of
the change in the intensity of the pressure applied to the surface of the shell, depending on the angle
B as follows. The value of the applied pressure varies from the largest positive to the largest
negative with the presence of zero values with increasing angle B from 0° to 180°, and as a result,
the value of cos (B) varies from 1 to (-1).

When determining the coefficient C1 it is necessary to rely on the data given in the regulations
[5, 6], namely the scheme of distribution of wind load intensity for a roof with two slopes (Fig. 2, a)
and the scheme of wind load for canopies (Fig. 2, b). Depending on the purpose of the structure, the
element of which is a shallow conical shell, it is necessary to choose the appropriate scheme of
distribution of wind load to determine the coefficients C1. The process of calculating the coefficient
C2, which determines the change in the intensity of the pressure applied to the surface of the shell,
depending on the location of the point on the origin CO’, should be considered separately. The value of
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the coefficient C2 varies within k1 < C2 < k2 provided that 0 < k1 < k2, where k1 is the value of the
coefficient at the point O, k2 is the value of the coefficient at the point C. In addition, k2 is necessarily
equal to one, because the coefficient C2 determines only the nature of the change in the intensity of the
pressure applied to the surface for each point on the forming CO’ shell. When performing the process
of modeling the wind load on the shell, it is advisable to consider both cases when k1 = k2 (case Nel)
and k1 <k2 (case Ne2) due to the fact that in the first case the resulting effect of non-uniform pressure

will be more intense.
b I
S
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Fig. 2. Scheme of wind load in accordance with regulations [5, 6]:
a — roofs with two slopes; b — canopy

The model of a shallow conical shell in the SW ANSYS environment was created in several
stages: 1) construction of origin of conical shell, which lies in a plane passing through the OY axis;
2) creating a model of a conical shell by rotating the origin of cone around the axis OY by 360°
with the formation of sixteen equal segments (Fig. 3); 3) setting boundary conditions at the edge of
the shell by limiting the linear movements of points relative to the axes OX, OY and OZ; 4)
splitting the surface of the shallow conical shell into a FE grid using a quadrangular finite element
FE SHELL 281 (eight nodal points and six degrees of freedom in each node).

In Fig. 3, areas D1-4 correspond to the windward side with a positive value of the pressure
applied to the surface, and areas D5-8 to the leeward side according to the negative value of the
applied pressure.

A

B
Fig. 3. Scheme of dividing the surface of a shallow conical shell into 16 equal segments

The total number of elements in the FE model of a shallow conical shell is N = 4096. This
number of elements was chosen based on the condition that further thickening of the finite element
grid does not lead to such changes in shell bearing capacity that are greater than 0.5% relative to the
previous step. From the point of view of economy of the spent resources of machine time, such
approach gives obvious effect at performance of geometrically nonlinear calculation of deformation
of shallow conical shells. The number of isosceles segments into which the shell surface was
divided is optimal from the point of view of constructing a FE model of the shell and approximating
the actual scheme of shell loading to the previously given trigonometric dependence (1).
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Research results. The results of numerical simulation of deformation and stability of shallow
conical thin-walled shells under wind load using an improved model that takes into account the
additional coefficients C1 and C2 for the dependence (1), are presented in Table. 1, 2, where the values
of critical (qc) and limit (quim) pressures with their corresponding forms of loss of stability are given.

Table 1 — Forms of loss of stability (FLS), obtained by solving the linear problem of stability

(bifurcation) for series of shallow conical shells with next geometrical parameters: angle a = 10°
and thickness parameter R/h = 100, 200, 300, 400, 500

R/h 100 200 300 400 500
Jer, kPa 558.28 93.21 34.23 16.48 9.47

Table 2 — Forms of loss of stability (FLS), obtained by solving the problem of geometrically nonlinear
deformation for series of shallow conical shells with next geometrical parameters: angle o = 10° and
thickness parameter R/h = 100, 200, 300, 400, 500

FLS %

R/h 100 200 300
Qiim, KPa|  622.71 181.39 34.35

500
9.75

Data obtained by calculating a series of shallow conical shells has been presented in Table. 1,
2, for which the ratio of the coefficients C1 on the windward and leeward side corresponded to the
ratio 0.8:0.6, and the change in the coefficient C2 along the origin in the direction from base to top
was 1.0:0.8. The forms of stability loss obtained by solving the linear problem of stability
(bifurcation) and the problem of geometrically nonlinear deformation correspond to those obtained
earlier [3], while the values of critical g and limit qim pressure differ to a greater extent from those
obtained when calculating wind load models in the first approximation. The difference between the
results of calculations using the first and second approximation models is from 1.4% to 1.8%. Note
that the peculiarity of the calculations in the SW ANSYS environment is that the values of the
critical qcr and the limite qiim pressures under non-homogeneous loading are calculated for the area
with the highest initial intensity. Based on the fact that the intensity of the pressure applied to the
surface decreases along the generating by 20%, which is the ratio of 0.8 to 1.0 (initial value of the
coefficient C2), the total resulting load using an improved model of wind impact on a shallow
conical shell, which led to loss stability, is less than the resulting load using a previously developed
model, which allows us to conclude that a higher degree of compliance of the improved model of
wind impact to the real scheme of pressure distribution under wind load compared to the previously
developed model [3].

The data obtained as a result of the calculation of the stability problem of shallow thin-walled
conical shells in the environment of the SW ANSYS using an improved model of wind load, are
compared with the data of aerodynamic calculation. In contrast to the static calculation based on the
improved model, aerodynamic modeling allows you to track the process of deformation of the
surface of a shallow conical shell when it is in the flow of moving gas. Forms of loss of stability
obtained by calculations of both the model of the first approximation [3] and the second
approximation in this work, in general are similar to the forms of the deformed surface of the shell
in aerodynamic modeling in the SW ANSYS (Table 3), which also confirms the adequacy of both
models to calculate the process of deformation of flat conical thin-walled shells under wind load. As
can be seen from Table 3, the surface of the shell is gradually deformed in accordance with the
direction of air masses flow with a gradual increase in the size of the dent on the windward side and
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the appearance of waves on the leeward side at wind speeds close to maximum, while at low speeds
the movement of air masses there is only a dent on the windward side (the intensity of air masses
flow from 0 to 0.77, Table 3).

Table 3 — Deformation of the surface of the shallow conical shell in the process of wind flow with
intensity from calm (0) to hurricane (1)

The shape of deformed
shell
Flow movement intencity 0.00 0.11 0.22 0.33 0.44
The shape of deformed
shell « -~ -
Flow movement intencity 0.55 0.66 0.77 0.89 1.00

Conclusions. According to the results of a numerical study of deformation and stability of
shallow conical thin-walled shells in the environment of SW ANSYSS, we can summarize the following:

1. The previously developed model [3] of wind load of a shallow thin-walled conical shell has
been improved taking into account additional coefficients C1 and C2 based on the parameters
presented in normative documents [6, 7] for calculating the pressure intensity on the windward and
leeward side. shell structures. The application of the wind load model in the second approximation
allows to obtain a lower total bearing capacity of the shell compared to the previous model in the
first approximation, but at the same time, the maximum local pressure value for the improved
model is 1.4 + 1.8% higher than the previous model.

2. The similarity of the forms of the deformed surface of shallow conical shells obtained by
solving the problems of stability loss using an improved model of wind load with the forms of the
deformed surface, which can be observed when performing aerodynamic calculations in SW
ANSYS. The similarity of the obtained forms of loss of stability of shallow conical shells in solving
deformation problems in static formulation to the forms of deformation is in accordance with the
areas with the largest displacements of the shell surface for both types of calculations, with the
difference that when solving stability problems in static formulation, the number of dents and
protrusions, while when solving the problem of aerodynamic calculation, there is only one area that
penetrates into the shell, covering the same area as for the problem of static calculation.

Recommendations for further research. Further studies of shallow conical shells
deformation should be carried out in the direction of greater convergence with the real conditions of
wind load due to the nonlinear pressure distribution, as for spherical shells [6, 7].
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AHoTanis. [locmimkeHo mporec 1epOpMyBaHHS i CTIMKOCTI MOJOTUX TOHKOCTIHHUX KOHIYHUX
MPYKHUX OOOJIOHOK MpPU HEOIHOPIIHOMY HampyKeHO-1e(hOpMOBAHOMY CTaHi, 0OYMOBJIEHOMY II€l0
BITPOBOT'O HABAHTAKEHHSI, CIIMPAIOYHCH Ha TMOJIIIIIEHY MOJIENIb PO3NOALTY 3HAUeHb MPHUKJIAICHOTO JI0
MOBEPXHI HEOJHOPIAHOTO THCKY 1 TpaHUYHUX YMOBAX, BIANOBIJHUM HEPYXOMOMY MIApHIpY.
[Nokpamena Mozellb BITPOBOTO HABAaHTA)KEHHSI CITUPAETHCSI HA JaHi, MPEACTaBIeHI B HOPMATUBHUX
JOKyMeHTax [5, 6], 1 € IOTIYHUM PO3BUTKOM MOMNEPEIHBOTO 0CIPKEHHS BITPOBOIO BILIMBY Ha IMOJIOT1
KOHIYH1 0O0JIOHKH, 1110 CITUPAETHCS HA MOJICIh B TIEpIIIOMY HaOmmkeHHi [3].

Hochimxenns aepopMyBaHHS 1 CTIMKOCTI MOJIOTUX KOHIYHUX OOOJOHOK BHMKOHAaHO 3a
JIOTIOMOTOF0  YHCEITLHOTO MOJICTIOBAHHS B CEpPENOBHINI MporpamMHoro komruiekcy ANSYS,
e(EeKTHBHICTh 3aCTOCYBAaHHS SKOI'O MIJITBEP/DKYETbCA THUM (akTOM, WI0 1€ MporpaMHe
3a0e3neueHHs] BUKOpUCTOBYeTbcss NASA. Mozenb 1nonoroi KoHIYHOI 00OJIOHKHM Oyna CTBOpEHa 13
3aCTOCYBAaHHSAM UYOTHPHKYTHOTrO ckiHueHoro enementa SHELL 281 3 8 By3namu, 110 103BOJIMIIO
OTPUMATH HE TIIBKU CUMETPUYHY 1100 OCl pOopMy BTpaTH CTIMKOCTI, ajne 1 HecumeTpuuHy. [1ix yac
YHUCEIbHOTO MOJICNIOBAHHS TNPOBOAMIOCA JIBa THUIIM PO3paxXyHKiB — JIHIAHOI 3adayl BTpaTu
cTiiikocTi (61 ypKailii) 3 BUBHAYEHHSAM 3HAYEHHSI KPUTUYHOTO TUCKY (¢ 1 BIATIOBIIHOT oMy Gopmu
BTPATH CTIHKOCTI, 1 3aBAaHHS F€OMETPUYHO HENIHIHHOTrO NeOopMyBaHHs 3 BU3HAUEHHSIM 3HAUEHHS
TPAaHUYHOTO THCKY (jim 1 BiAmoBimHOI Homy (opmu BTpat crifikocti. OTpriMaHi (GopMH BTpaTu
CTIMKOCTI mopiBHIOBanucs 3 ¢popmamu aeGopMOBaHOT MOBEPXHi, OTPUMAHUMHU B XO/1 BUKOHAHHS
aepOMHAMIYHOTO MOJICNIIOBAHHS IUX 00010HOK B cepepopuii [IK ANSYS.

BukoHaHO aHaii3 BIUIMBY 3aCTOCYBAaHHS MOJINIIEHOT MOJENI BITPOBOTO HABAaHTAXXKEHHS B
MOPIBHSAHHI 3 MONEPEIHIMHU JOCTIIKEHHSIMHA B PO3pi3l 3HAYEHb HECY4YOl 3/IaTHOCTI 1 MOIIOHOCTI
¢dbopM BTpaTH CTIHKOCTI MiXK cOOOIO MpU BUPILIEHHI 33Ja4 B CTATUYHIA MMOCTAHOBILI 1 MOPIBHSHHS
pe3yabTaTiB 3 pO3paxyHKaMH aepoJWHAMIYHOTO MOJETIOBaHHs. [IpoBeneHO aHami3 BIUIMBY
KUTBKOCTI BpaxOBaHMX IapaMeTpiB MOZENi B MEepUIOMY HAOMMKEHHI 1 MOJIMIIEHOi MOJeNi Ha
3arajJpHy HECY4dy 3JaTHICTh 1 OCOOJMBOCTI B 3HAYECHHSIX JIOKATHPHUX MAaKCUMyMIB Ha CXemax
PO3MOALTY 3HaYeHb IHTEHCHBHOCTI THUCKY BiJ BITPOBOrO HaBaHTa)XeHHs. BKka3aHi 0COOIMBOCTI
pOo3paxyHKy mporiecy aedopMyBaHHS MOJIOTHX KOHIYHUX 000JOHOK Ha OCHOBI TOKPAIIEHOT MOJIE1
BITpOBOro HaBaHTaxeHHs B cepenoBuili [TIK ANSYS i moganbiioro anamizy oTpUMaHUX 3HAYEHb 3
ypaxyBaHHSIM 0COOJIMBOCTEH po3po0IeHOT MOoIeTi.

KurouoBi ciioBa: nosora koHiuHa 000J0HKA, BITpOoBE HaBaHTaxeHHs, ANSYS.
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AnHoTanusi. UccnenoBano mpouecc JehOpMHUpPOBaHHA UM YCTOMYMBOCTH  IOJIOTHX
TOHKOCTEHHBIX  KOHMYECKMX  YINPYruX OOOJIOYeK MpU  HEOJHOPOJHOM  HaIPsHKEHHO-
ne(GOpMHUPOBAaHHOM COCTOSIHUM, OOYCJIOBIEHHOM [JE€MCTBHEM BETPOBOM HArpy3ku, ONUpasch Ha
YIIYYIIEHHYIO MOJIENb PACHpEesIeHNs] 3HAYEHUH IPUIIOKEHHOTO0 K IOBEPXHOCTH HEOJAHOPOIHOIO
JABJICHUS] M T'PAHUYHBIX YCJIOBHSX, COOTBETCTBYIOILMM HEMOJBM)XKHOMY LIApHHUPY. YIIydllEeHHas
MO/I€TIb BETPOBOM Harpy3KH ONUpPAETCs Ha JaHHbIE, IPECTABICHHbBIE B HOPMAaTUBHBIX IOKYMEHTax
[5, 6], u sABAsETCA JOIMUYECKHM pa3BUTHEM INPEAbLIYLIEr0 MCCIeI0BaHUs BETPOBOIO BO3ACHCTBUSA
Ha TMOJIOTHE KOHUYECKHE 000I0YKH, ONMUPAIOLIErOcs Ha MOIENIb B IEPBOM MpUOIMKeHUH [3].

HccnenoBanue paeGopMUpoBaHUS M YCTOWYMBOCTH IIOJOIMX KOHHUYECKHUX 000JI0ueK
BBIIIOJTHEHO MPHU IOMOLIM YHUCJIEHHOIO MOJEIHUPOBAHMSI B CpEAE IPOrpaMMHOr0O KOMILIEKca
ANSYS, »s¢ddexTuBHOCTs NpUMEHEHHs] KOTOpPOro IOATBEPXKAAETCs TeM (aKToM, 4YTO 3TO
nporpaMmHoe obecrieueHue ucrnonb3yercs NASA. Mogens monoroit KOHU4eckoi 00010ukn ObLIa
CO3/1aHa C NPUMEHEHHUEM YEeThIpexyrojabHoro koneynoro snementa SHELL 281 ¢ 8 y3nmamu, 4to
MIO3BOJIMIIO MTOJTYYUTh HE TOJIBKO CHUMMETPHYHYIO OTHOCHUTEIBHO OCH (hOpMy MOTEpH YCTOHYUBOCTH,
HO ¥ HECUMMETPUYHYI0. BO BpeMs YMCI€HHOr0 MOJIEIMPOBAHUS NIPOBOAMIOCH [IBA TUIA PACUETOB
— JIMHEHWHOW 3aJaud [OTepU YCTOMUYMBOCTH (OMQypKaluu) ¢ ONpeAesieHUEM 3HA4YEHHUS
KPUTHYECKOI'O JABJICHUS (¢r U COOTBETCTBYIOLIEH eMy (hOpMBI MOTEPH YCTOMUMBOCTH, U 3aJauu
reOMETPUYECKN HEJIUMHEHHOro neopMHpoOBaHMs C ONpEAEIEHUEM 3HAYEHHUS MPeNeIbHOro
JaBJIE€HUs (jim U COOTBETCTBYIOIEH emy (opMmbl norepu ycroiuuBocTd. [losyueHHble (OpMBI
MOTEPU YCTOMYHMBOCTH CPaBHUBAIUCH ¢ (hopMaMu 1e(pOPMUPOBAHHON OBEPXHOCTH, MOTYYEHHBIMU
B XO/I€ BBITOJIHEHHSI a3POIMHAMHUECKOT0 MOJIeUpOBaHus 3Tux obonouek B cpene IIK ANSYS.

BobinonHeHo aHanu3 BIMSHUS NPUMEHEHUS YIy4yIIEHHOM MOJIEIM BETPOBOW HArpy3ku IO
CPAaBHEHMIO C MpPEIBbIAYIIMMU HCCIEIOBaHUAMU B pa3pe3e 3HAueHUil Hecylled crnocoOHOCTH U
moA0OHOCTH (HOPM TOTEPU YCTOMUYMBOCTH MEXKAY COOOM TpPH PEIICHHH 3a/ady B CTaTHYECKOU
IIOCTAHOBKE M CpPAaBHEHHUE PE3yJbTAaTOB C pacy€TaMHM a’pOJAMHAMHUYECKOTO MOJAEIUPOBAHUS.
[IpoBeneHo aHanM3 BIMSHHUS KOJMYECTBA YYUTHIBAEMBIX [apaMeTPOB MOJEIU B IIEPBOM
OpUOIMKEHUN W YIY4IIEHHOW MOJENM Ha OOLIYI0 HECYIIYI0 CIIOCOOHOCTb M OCOOEHHOCTH B
3HAYEHUSX JIOKAJBHBIX MAaKCUMYMOB Ha CXE€Max pacHpelesieHHs 3HAa4eHUH WHTEHCHUBHOCTHU
JaBJIieHUs] OT BETPOBOM HArpy3Ku. YKazaHbl 0COOEHHOCTH pacuéra mpolecca JIepOopMHUPOBaHUS
MOJIOTUX KOHMYECKUX 000JI0YeK Ha OCHOBE YIYUYIIEHHON MOJIEIN BETpOoBOM Harpy3ku B cpene 1K
ANSYS wu nmocneayromero asanM3a IOJMYYEHHBIX 3HAa4eHHH ¢ ydy€ToM OCOOEHHOCTEH
pa3paboTaHHOM MOJIEIH.

KuroueBble cjioBa: mosoras KoHHYecKas 000y04Kka, BeTpoBasi Harpy3ka, ANSYS.
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