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Annotation: The article deals with natural vibrations of the spatial axisymmetric dome shaped
structure. The variational formulation of the problem arising from the principle of possible displacements
is carried out. To solve the problem, an algorithm and computer programs have been developed using the
semi-analytical finite element method (FEM). The non-axisymmetric natural frequencies and vibration
modes of the investigated object have been determined. The results obtained are analyzed in order to
detect mechanical effects.
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Introduction and problem statement

The axisymmetric dome-shaped structure shown in Fig. 1 is considered. 1. The lower part of
the structure is motionless, its inner and outer surfaces are free, there are no mass forces.
Non-axisymmetric natural frequencies and vibration modes of an elastic spatial structure are
to be determined.

For the formulation of the problem, a variational equation is used based on the variational
formulation of the problem arising from the principle of possible displacements [1]:

sa=—["f [7*(0182i; + pitsdu;)r drdzde =0, (1)
Lj=r120¢
The kinematic boundary conditionisalsoused: z=0: w; =0,i=71,2,¢ (2)

Here 1, z, ¢ are cylindrical coordinates, ui, 6ij , €ij are the components of the displacement
vector, stress and strain tensors, respectively, p is the density of the material, 6 ui,  &ij are
variations of displacements and strains.

Figure 1. Domed structure.
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The solution of the problem

The strain tensor and displacement vector components are related by the Cauchy relations[1]:
ou, 1du, u Ju,
Erpr = v Epp =Tt T & =,
ar radp r 0z
1 10u,  Odu, u,
fro =3 dp dr r’’

1/0u, OJu 1/0u 10u
31 2 e (U 200
2\dr 0z 2\ 0z rdgp
The components of the stress and strain tensors are related by the relations of the generalized
Hooke's law

0ij = Aekibij + 2 peij (4)
where A, | are the Lame parameters, 0i j is the Kronecker symbol.

Non-axisymmetric eigenoscillations of problem (1)-(4) are sought, that is, motions having the
form

u, = uy(r,z) cosng - cos wt
U, = Uy (7, z) sinng - cos wt(6)
u, = u,(r, z) cosng - cos wt

where uz* are the desired functions, n is the number of harmonics (n=0,1,2,...),® is the
natural frequency.

For n=0, the problem splits into two independent ones, the problem of axisymmetric
vibrations: ur= ur(r,z,t), uz = uz(r, z,t), u,= 0 and the problem of rotational vibrations:
ur=uz= 0, uy=uy(1,z,t).

For n=1, the problem of bending vibrations arises. In the framework of the one-dimensional
theory of the strength of materials, the analogues of the above three problems are the
problems of longitudinal, torsional, and transverse vibrations of a circular beam [2].

For n> 2, the three-dimensional problem has no one-dimensional analogues.

The problem posed is solved in this work by the semi-analytical (FEM) finite element method
[3]. The area occupied by the body (structure) is divided into annular elements of a triangular
section with a linear approximation of the displacement inside each element (Fig. 2).
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Figure 2. Ring elements of a triangular section with a linear approximation of the
displacement inside each element

The procedure of the finite element method reduces the problem of natural oscillations to the
algebraic problem of finding non-zero solutions of a homogeneous system

[K] — w?[M]{x}(7)

where [K] is the stiffness matrix, [M] is the mass matrix, {x} is the vector of nodal
displacements.

The order of system (7) depends on the number of finite elements into which the domain is
divided. In the present work, the maximum order of system (7) reached 800.

The stiffness matrix has a band structure, the structure of the mass matrix depends on whether
the mass is considered to be distributed over the element or concentrated at the grid nodes. In
the first case, the mass matrix has a band structure, in the second, it has a diagonal structure.

In this paper, the solution of the algebraic problem (7) i.e. the search for the roots of the
characteristic determinant of the system was carried out using the Muller method [4].

After determining the eigenfrequencies, the problem of finding eigenforms is reduced to
constructing a nontrivial solution to an algebraic system with zero determinant and zero right
hand side.

The solution of the system was found by the square root method [5], that is, the rank of the
matrix was checked; then the corresponding row and column are excluded, and the solution
of the remaining system of inhomogeneous linear algebraic equations is found.

To implement the above algorithm, a Fortran program was compiled; to test its performance
and convergence of the method, a number of numerical experiments were carried out [6].

Results and discussions

Table 1 shows the first five natural frequencies of the structure for each harmonic
(n=1,2,3...). For these values of eigenfrequencies, the corresponding eigenmodes of
vibrations are plotted in axonometry (Fig. 3(a,b,c,d,e)). The results shown in Table 1 were
obtained with the following structural characteristics E = 2.0; v =0.27; p = 0.00667.
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Figure 3(e). Non-axisymmetric waveforms for n=5

The analysis of natural frequencies of the structure at different values of the ratio H /R (H is
the height of the structure, R is its outer radius) within H(R=) 1.5+2.5 showed that the
frequencies and forms change places. In this case, the greater the ratio H / R (within the
specified limits), the greater the frequency of torsional vibration to the lowest, i.e. to the
bending frequency. In the case when the ratio H / R is closer to the minimum value (within
the given limits), then the torsional vibration frequency corresponds to the third or fourth
natural frequency of the structure.

Findings and Conclusions

Figure 4 shows the characteristic dependences of the first three natural frequencies (flexural,
axisymmetric and torsional vibrations) on the relative height of the structure - H/ R. All three
frequencies increase with increasing relative height. The most significant is the difference in
the rate of increase for different frequencies, as a result of which there are points of
intersection of the graphs. At these points, the oscillation frequencies become multiple. A
similar, only more complicated situation also arises for higher natural frequencies, it may turn
out that in the vicinity of one specific parameter value, three curves intersect, related to
frequencies corresponding to different numbers and harmonics.
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Further, natural frequencies were analyzed in order to find multiples or close ones. This
analysis was carried out for various ratios of the geometric parameters of the structure [7].

As can be seen from Table 1, the second axisymmetric frequency is close (multiple) to the
third frequency at n=1: (02n=0 = 0,121517 =®3n=1= 0,121740).

Spatial natural frequencies of the structure Table 1.
Number of harmonics natural frequencies
w1 w2 w3 w4 ws
_n=0 0,080 | 0,122 | 0,162 | 0,177 | 0,233
(axisymmetric)
n=0 0,066 | 0,195 | 0,309 | 0,412 | 0,523
(torsional)
n=1 0,034 | 0,101 | 0,122 | 0,156 | 0,198
n=2 0,068 | 0,144 | 0,159 | 0,208 | 0,212
n=3 0,067 | 0,154 | 0,194 | 0,234 | 0,297
n=4 0,077 | 0,166 | 0,228 | 0,261 | 0,345
n=>5 0,095 | 0,188 | 0,257 | 0,296 | 0,381

Literatur

1. Mirsaidov M.M., Troyanovsky E.l. Dynamics of inhomogeneous systems with allowance
for internal dissipation and wave entrainment of energy. Tashkent: Fan, 1990.108s.

2. Vibration in technology. Handbook, Mechanical Engineering, 1978, 351 p.

Special Issue: Use of Modern Innovation on Integrated Research

112



https://emjms.academicjournal.io
Special Issue: Use of Modern Innovation on Integrated Research

EMJ EUROPEAN MULTIDISCIPLINARY JOURNAL OF MODERN SCIENCE
MS

Bate K., Wilson E. Numerical methods of analysis and FEM. M.: Stroyizdat, 1982.448s.

4. Muller D.E. A Method for Solving Algebraic Equations Using an Automatic Computer.
Mathematical Tabl., October 1956.

5. Amosov A.A., Dubinsky Yu.A., Kopchenova N.V. Computational methods. St.
Petersburg. 2014, . "Doe". 672 p.

6. Mirsaidov M., Nosirov A.A., Mayboroda V.P., Troyanovsky I.E. Three-dimensional
problem of natural oscillations of a rectilinear rod with an annular section. On Sat.
"Questions in Mechanics", vol. 17, Tashkent, publishing house "Fan" UzSSR, 1982.

7. MirsaidovM.M.  KhudainazarovSh.O. Spatial natural vibrations of viscoelastic
axisymmetric structures.Magazine of Civil Engineering. 2020. 96(4). Pp. 118-128. DOI:
10.18720/MCE.96.10

8. M M Mirsaidovl, A A Nosirov2 and | A Nasirov2 Modeling of spatial natural
oscillations of axisymmetric systems. Journal of Physics: Conference Series 1921 (2021)
012098 IOP Publishing doi:10.1088/1742-6596/1921/1/012098.

9. Mirziyod Mirsaidov'*, Abdurasul Nosirov?, and Ismoil Nasirov® Spatial forced
oscillations of axisymmetric inhomogeneous systems. E3S Web of Conferences 164,
02009 (2020).

10. D.A.Sagdullayeva', Sh.A.Maxmudova®, F.F.Adilov', R.A.Abirov!, 1.0.Khazratkulov®
and 1.A.Nasirov® On stability of slopes in mountain zones. Case study. IOP Conf. Series:
Journal of Physics: Conf. Series 1425 (2020) 012016.

11. Abdukarimov, B. A., & Kuchkarov, A. A. (2022). Research of the Hydraulic Resistance
Coefficient of Sunny Air Heaters with Bent Pipes During Turbulent Air Flow. Journal of
Siberian Federal University. Engineering & Technologies, 15(1), 14-23.

12. Abdukarimov, B. A. (2021). Improve Performance Efficiency As A Result Of Heat Loss
Reduction In Solar Air Heater. International Journal of Progressive Sciences and
Technologies, 29(1), 505-511.

13. Malikov, Z. M., & Madaliev, M. E. (2020). Numerical simulation of two-phase flow in a
centrifugal separator. Fluid Dynamics, 55(8), 1012-1028.

14. Mamukos, 3. M., & Mananues, M. O. (2021). YuciaeHHoe MOJEIUpPOBaHUE TEUECHUS B
IJIOCKOM BHE3AITHO PACLIMPSAIOIIEMCS KaHAJIE HA OCHOBE HOBOM JBYKHJIKOCTHON MOJIEIH

TypOyneHTHOCTH. BecTHHK MOCKOBCKOTO rOCYJIapCTBEHHOTO TEXHUYECKOTO
yauBepcuteta uM. HO baymana. Cepus «EcrecTBeHHbIe Haykuy, (4 (97)), 24-309.
15. Madraximov, M. M., Abdulkhaev, Z. E., & ugli Inomjonov, I. I. (2022). Factors

Influencing Changes In The Groundwater Level In Fergana. International Journal of
Progressive Sciences and Technologies, 30(2), 523-526.

16. Arifjanov, A., Otaxonov, M., & Abdulkhaev, Z. (2021). Model of groundwater level
control using horizontal drainage. Irrigation and Melioration, 2021(4), 21-26.

17. Xynaiikynos, C. W., & Mymunos, O. A. VY. (2022). MOJEJINPOBAHUSA
MAKCICIMAHBHOI/I QKOPOCTI/I ITIOTOKA BBISBIBAIOIIIEM KABUTAILIMIO U
PE3KOU IMEPECTPOUKU IMTOTOKA. Universum: Texanuyeckue Hayku, (2-2 (95)), 59-

64.
18. ABIYJIXAEB, 3., & MAJIPAXVMMOB, M. (2020). I'maporypounanap Ba Hacocmapaa
Kasuranus Xomaucacu, Oxubatnapu Ba VYnapau Bbaprapad OTHi

Veymnapu. Y36eKruaposnepreTika” WIMHA-TeXHUK KypHan, 4(8), 19-20.

Special Issue: Use of Modern Innovation on Integrated Research 113



EUROPEAN MULTIDISCIPLINARY JOURNAL OF MODERN SCIENCE

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

ugli Mo‘minov, O. A., Magsudov, R. 1., & qizi Abdukhalilova, S. B. (2021). Analysis of
Convective Finns to Increase the Efficiency of Radiators used in Heating
Systems. Middle European Scientific Bulletin, 18, 84-809.

Ycemonona, H. A., Hermarymnoes, 3. T., Humonog, @. X., & Ycmonos, A. A. (2019).
Moaenu 3aKPYUYCHHBIX IMOTOKOB B CTPOUTEILCTBE Kapkunonckoro
Bojoxpanwiuiia. Jloctwkenust Hayku u oopazoBanus, (12 (53)), 5-9.

AG6nykapumoB, b. A., A66acos, E. C., & Ycmonosa, H. V. (2019). Hccnenoanue
pabounx TMapamMeTpoB COJIHEYHBIX BO3IyXOHArpeBareield CIOCOObl TMOBBIIMICHUS WX
s dexkTruBHOCTH. MaTpuiia HayqHOTO TIo3HaHwus, (2), 37-42.

ManpaxumoB, M. M., & A6nynxaes, 3. 3. (2019). Hacoc arperaTunu wira TyIIHpUIIIA
OocuMIIH CyB Yy3aTTHWIapJard YTUII skapa€HiiapuHu Xucobnam ycymnapu. @aproHa
IMomurexurka Uncturyrn Unvuii—Texunka Xypuamu, 23(3), 56-60.

Mamadalievich, M. M., & Erkinjonovich, A. Z. Principles of Operation and Account of
Hydraulic Taran. JournalNX, 1-4.

CarropoB, A. X. (2016). CYHIECTBOBAHUE W TIIPEJCTABJIEHUE
OI'PAHNMYEHHOI'O PEIIEHM A OJJHOI'O
KBA3HHHHEﬁHOFOI[I/I@CDEPEHLH/IAJ'H)HOFO YPABHEHNAL. In By3oBckas
Hayka-peruony (pp. 126-132).

ManxamumoB, M. M., Aonynxaes, 3. D., & Carropos, A. X. (2018). PerynupoBanus
paboThl [EHTPOOEKHBIX HACOCOB C M3MECHEHHUEM 4YacTOTa BpAIICHUS. AKTyalbHbIC
Hay4HBIC HCCIICJIOBAHUS B COBpEMEHHOM Mupe, (12-1), 83-88.

Abdikarimov, R., Usarov, D., Khamidov, S., Koraboshev, O., Nasirov, I., & Nosirov, A.
(2020, July). Free oscillations of three-layered plates. In IOP Conference Series:
Materials Science and Engineering (\Vol. 883, No. 1, p. 012058). IOP Publishing.

Nosirov, A. A., & Nasirov, I. A. (2021). Natural and Forced Vibrations of Axisymmetric
Structure Taking into Account the Viscoelastic Properties of the Base. Middle European
Scientific Bulletin, 18, 303-311.

gizi Abdukhalilova, S. B. (2021). Simplified Calculation of the Number of Bimetallic
Radiator Sections. CENTRAL ASIAN JOURNAL OF THEORETICAL & APPLIED
SCIENCES, 2(12), 232-237.

Magsudov, R. I., & gizi Abdukhalilova, S. B. (2021). Improving Support for the Process
of the Thermal Convection Process by Installing. Middle European Scientific
Bulletin, 18, 56-59.

ManpaxumoB, M. M., AGaynxaes, 3. D., & Tammynaros, H. 3. (2019). ®aprona Illaxap
Ep Octu Cusor Cysnapu Carxunu Ilacaiitupuin. ®@aprona Ilonurexnuka WuHctutyru
Wnmuii-Texuuka XKXypuamu, 23(1), 54-58.

Hamdamov, M., Mirzoyev, A., Buriev, E., & Tashpulatov, N. (2021). Simulation of non-
isothermal free turbulent gas jets in the process of energy exchange. In E3S Web of
Conferences (Vol. 264, p. 01017). EDP Sciences.

Pammmos, 1O. K., Opsumaros, XK. T., & Hcmoummos, M. M. (2019). Bo3ayurasie
COJIHEUHBIE KOJUICKTOPBI: TIEPCIIEKTUBBHl TPUMEHEHHS B YCIOBHSIX Y30€KHCTaHa.

In Dxosoruveckas, MPOMBIIIJICHHAs W 3HepreTuueckas Oe3zomacHocTh-2019 (pp. 1388-
1390)

Pammmnos, 10. K., Ucmounos, M. M., Op3umaros, XK. T., Pamunos, K. 10., & Kapmues,

Special Issue: Use of Modern Innovation on Integrated Research 114



EMJ EUROPEAN MULTIDISCIPLINARY JOURNAL OF MODERN SCIENCE
e https://emjms.academicjournal.io
MS Special Issue: Use of Modern Innovation on Integrated Research
II. II. (2019). Ilobienne 3)PEKTUBHOCTH TIOCKHX COJIHEYHBIX KOJIJIEKTOPOB B
CUCTeMax TeIUIOCHAOXKEeHHUs] MyTEM ONTHUMH3allMd HMX PEKUMHBIX IapaMeTpoB.
In Dxonoruyeckasi, MPOMBIIUICHHAs W JHepreTuueckas OezomacHocTh-2019 (pp. 1366-

1371).

34. Madraximov, M. M., Abdulkhaev, Z. E., & Orzimatov, J. T. (2021). GIDRAVLIK
TARAN QURILMASINING GIDRAVLIK HISOBI. Scientific progress, 2(7), 377-383.

35. Rashidov, Y. K., & Orzimatov, J. T. (2022). SOLAR AIR HEATER WITH
BREATHABLE MATRIX ABSORBER MADE OF METAL WIRE
TANGLE. Scientific-technical journal, 5(1), 7-13.

36. Vcapos, M. K., & Mawmarucaes, I'. 1. (2019). KOJIEBAHHUSI KOPOBYATOM
KOHCTPYKILIMM KPYITHOIIAHEJIBHBIX 3JIAHUM TIIPM JIMHAMHWYECKHX
BO3JIEMCTBUAX. In Hayunsiii (GopyM: TexXHHYECKHE M (PH3HKO-MATEMATHUECKHE
Hayku (pp. 53-62).

37. Abdukarimov, B., O'tbosarov, S., & Abdurazakov, A. (2021). Investigation of the use of
new solar air heaters for drying agricultural products. In E3S Web of Conferences (Vol.
264, p. 01031). EDP Sciences.

38. Ycapos, M. K., & Mawmarucaes, I'. 1. (2014). K nuanamMmudeckoMy pacdeTy KOpoO4aToi
koHctpykuuu 3aanus. ME' MORCHILIK va QURILISH MUAMMOLARI, 86.

39. Bekzod, A. (2020). Relevance of use of solar energy and optimization of operating
parameters of new solar heaters for effective use of solar energy. IJAR, 6(6), 16-20.

40. Madraximov, M. M., Nurmuxammad, X., & Abdulkhaev, Z. E. (2021, November).
Hydraulic Calculation Of Jet Pump Performance Improvement. In International
Conference On Multidisciplinary Research And Innovative Technologies (Vol. 2, pp. 20-
24).

41. Hamdamalievich, S. A., & Nurmuhammad, H. (2021). Analysis of Heat Transfer of Solar
Water Collectors. Middle European Scientific Bulletin, 18, 60-65.

42. Madaliev, M. E. U., Maksudov, R. I., Mullaev, I. I., Abdullaev, B. K., & Haidarov, A. R.
(2021). Investigation of the Influence of the Computational Grid for Turbulent
Flow. Middle European Scientific Bulletin, 18, 111-118.

43. Madraximov, M., Yunusaliev, E., Abdulhayev, Z., & Akramov, A. (2021). Suyuglik va
gaz mexanikasi fanidan masalalar to'plami. GlobeEdit.

44. AbnykapumoB, b. A., AkpamoB, A. A. VY., & AOayxamunosa, III. b. K. (2019).
UccnenoBanue moBbImeHUS  KOd(DQUITMEHTA TIOJIE3HOTO  JCHCTBUS ~ COJTHEYHBIX
BO3yxoHarpeBareneil. Jloctikenus Hayku u oOpa3oBanus, (2 (43)).

45, yMXpSaKOBa, M. A., YcmonoB, M. A., & Paxumos, M. H. (2021). AHAJIOTUA
PEUHOJIbACA IIPMU  TEYEHUAX B JANDODY30PHO-KOHD®Y30OPHbIX
KAHAJTAX. DxoHoMHEKa U coruyM, (3-2), 479-486.

46. A66acoB, E. C., & VYwmypzakoBa, M. A. (2020). PACHET S50OPEKTUBHOCTHU
[VNIOCKMX  COJIHEYUHBLIX  BO3JYXOHATPEBATEJIEM.  In CoBpemeHHBIC
poOJieMbl TerI0(U3UKK U dHepreTuku (Pp. 7-8).

Special Issue: Use of Modern Innovation on Integrated Research 115



