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PO3POBKA PO3PAXYHKOBHX MO/IEJIEM TACUBHAUX KOHCTPYKTUBHHUX
EJEMEHTIB HIIBIITYBAHHA 3 KBA3IHYJIbOBOIO KOPCTKICTIO, IO BUT'OTOBJIEHI
3 KOMIIO3UTHUX MATEPIAJIIB

VY miit poboTi po3pobIICHO METacTPYKTypy 3 KBa3iHYJIBOBOIO AMHAMIYHOIO KOPCTKICTIO JUIS 3aCTOCYBAaHHS y BiOpO3aXHCHHX CHCTEMax.
CTpyKTypa CKIAaaeThCs 3 ONMHUYHUX KOMIPOK, SIKi BKJIIOYAIOTH €JIEMCHTH 3 HETaTHBHOIO Ta MO3UTHBHOIO JKOPCTKICTIO, PO3TAIIOBaHI
[apaJesibHoO, 0 J03BOJSE TOCSITH 00NacTi KBa3iHyinb0BOI )KOPCTKOCTI. [IpOBEAEHO YHMCENbHE MOJEIIOBAHHS CTATHYHUX XapaKTEPHCTHK
OJIMHUYHOI KOMIPKH ITiJl O/THOOCHOBHM CTHCKAHHSIM, @ TAKOXK PO3POOIICHO KOHCTPYKIIiO, IO BKJIFOYAE€ MHOXKUHY TaKUX KOMipOK.Pe3yabTaTi
JIOCIIJUKCHHS. JIEMOHCTPYIOTh, IO JUIS 3alPOIIOHOBAHOI METAacTPYKTYpH 30Ha KBa3iHYJBOBOI JKOPCTKOCTI 3HAXOMWTHCS B JliamnasoHi
nepemirtieHs Big 11 Mm 10 40 MM. V wiil 30HI 3HAYCHHS CUITH 3JIMIIAETHCS Maii)ke HE3MIHHUM 1 cTaHOBHUTH Osin3bko 300 H. Taka noBeninka
JIO3BOJISIE  BUKOPHCTOBYBATH METAaCTPYKTypy Uit edexTuBHOI BiOpo3omsamii. OpepskaHi 3aleKHOCTI HepeMillleHHS IUAaTGOPMH Bix
HaBAHTaXCHHS JJ03BOJISIOTH HAAIITOBYBATH CTATHYHY XKOPCTKICTh KOHCTPYKIHT JUIs PI3HUX 3aCTOCYBaHb IIE Ha eTarli IpoeKTyBaHHs. Takum
YUHOM, METACTPYKTypa, CTBOPEHA HA OCHOBI OAMHMYHHUX KOMIPOK 3 KBa3iHyJIbOBOO XOPCTKICTIO, € IIEPCIEKTUBHUM PILICHHSM ISl PO3POOKH
BiOPO3aXHUCHUX CUCTEM, IO JI03BOJISIE 3a0€3MeUNTH S(EKTUBHY 130JISMIII0 B LIMPOKOMY [Iiara30Hi HaBaHTaXEHb.
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DEVELOPMENT OF CALCULATION MODELS OF PASSIVE STRUCTURAL SUSPENSION
ELEMENTS WITH QUASI-ZERO STIFFNESS MADE OF COMPOSITE MATERIALS

This study introduces the design and analysis of a novel metastructure with quasi-zero dynamic stiffness for potential use in vibration isolation
systems. The proposed metastructure is constructed from unit cells that integrate elements with both negative and positive stiffness. These
elements are arranged in parallel to create a region of quasi-zero stiffness. This unique configuration allows the metastructure to achieve a
balance between stability and flexibility, making it highly adaptable for various engineering applications.Numerical simulations were
conducted to evaluate the static characteristics of a single unit cell under uniaxial compression. The results demonstrated that the unit cell
exhibits a quasi-zero stiffness zone, characterized by a displacement range between 11 mm and 40 mm, where the applied force remains nearly
constant at approximately 300 N. Additionally, a comprehensive multi-cell design was developed to explore the scalability and practical
applicability of the metastructure in larger systems.The analysis showed that the metastructure's static stiffness and the boundaries of the quasi-
zero stiffness zone can be tailored by adjusting the geometric and material properties of the unit cells. Graphical results, including
displacements along the Y-axis and equivalent stress distributions for a displacement of 30 mm, confirm the effectiveness of the design. The
ability to maintain consistent force in the quasi-zero stiffness zone highlights the potential for this metastructure to enhance vibration isolation
performance across a broad spectrum of operating conditions. The proposed metastructure demonstrates significant promise for use in vibration
protection systems due to its tunable properties and efficient isolation capabilities. By utilizing the derived dependencies between platform
displacement and applied load, engineers can optimize the design parameters during the development phase to achieve desired performance
outcomes. This work lays a foundation for the practical implementation of metastructures in vibration-sensitive applications, offering
innovative solutions for challenges in dynamic load management and structural stability.
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