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of solid particles in a device with contact devices. This is due to the fact that the proposed analytical regularities
do not take into account the influence of the main design parameters of the cascade contacts on the time the
particles stay in the working space of the device. The efficiency of drying devices for drying materials in a
fluidized bed largely depends on the flow field of the gas flow, the distribution of which in the working space of
the device affects the profile of temperatures and concentrations of the dispersed (solid) phase in the gas flow.
Determination of gas flow velocity fields in the working space of the fluidized bed apparatus in
combination with calculations of the rate of transition of a dense layer of material into a fluidized state,
conditions of expansion of the material layer, operating parameters of fluidization, and conditions of removal of
material from the apparatus allows for optimal selection of the design characteristics of this type of apparatus.
Consideration of the nature of the movement of the gas flow is important for establishing the regularities of its
interaction with the solid phase. Determining the hydrodynamic conditions of flow movement makes it possible
to mathematically describe the speed and residence time of solid particles in the apparatus.
cascade dryer, fluidized bed, solid phase, material drying, moisture reservoir, drying time, fluidization,
contact time
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Moaenb cTenaa Al JOCHIKEHHS KOHCTPYKIIHN 3
JMCTOBOIO CKJja

B nmaniii po6oti mpencraBieHa pospobneHa B cepemoumni SOLIDWORKS mopens crenma st
JIOCTIIPKCHHST KOHCTPYKIIIH 3 JIMCTOBOI'O CKJIA IiJT €0 PIBHOMIPHO PO3MOIUICHOr0 THCKY. JlocmiKeHHS MoIei
B Mmonayai SOLIDWORKS Simulation 3a 3anpornoHOBaHUMH HAJTAINTYBAHHSIMHU JO3BOJISE JOCHITUTU
Hanpy)XeHUH CTaH JIMCTOBOTO CKJa B 3aJE€XHOCTI BiJl HapaMeTpiB T'yMOBOI NPOKJIAIKH 1 OOIPyHTYBaTH
KOHCTPYKILIIO cyrnopTra. MoJiesib T03BOJISIE OLIHUTH HANpPYXKEHO — 1e()OPMOBAHUI CTaH €IEMEHTIB KOHCTPYKIIi]
Ha OCHOBI KpuTepis pyiiHyBaHHSI Mopa — KynoHa (1 CKIISTHOT TIIIaCTHHY), HAIPYKeHb (32 Mu3ecoM Ta iHIINX)
IUIA eJeMeHTIB cymopTa. [IpuBeneHi HajmamTyBaHHS NporpaMHu 3a0e3nedyloTh ii 0e3KOH(IIKTHY poOoTy 3
HEBEJIMKMMH BHUTPAaTaMH MAaIIMHHOTO pecypcy. € MOXXIHMBICTH Bapialliii KOHCTPYKINI CyIopTa, BKIIIOYAIOYU
BpaxyBaHHS YMOB 3aKpiIUleHHsS (TepTs) eneMeHTiB. JIokamizamis KPpUTHYHUX HaNpy>KeHb B CKIIIHIA IUIACTHHI
CHIBNAJaE 3 JaHUMHU HATYPHHUX €KCIEPHMEHTIB, L0 FOBOPHUTh 00 aJeKBaTHOCTI Mozeni. Po3pobiena mozensb
CTEH/y JO03BOJISIE JIOCHIJUTH HAINPY>KEHHH CTaH JIMCTOBOIO CKJa B yMOBax PIBHOMIPHOTO HAaBaHTa)KEHHS B
3aJIeXXHOCTI BiJl ITapaMeTpiB I'yMOBOI IIPOKJIAJIKH 1 OOTPYHTYBAaTH KOHCTPYKIIiIO CYNOpTa.

JIMCTOBE CKJI0, CyNoOpT, 3D MoaenoBaHHs, KpUuTepii pyiiHyBaHHs, Hanpy:keHHs: Mopa — Kyiona

IloctanoBka mpodaemu. CydacHi apXITeKTypHI PpilIeHHS  TepenadayaroTh
3aCTOCYBAHHS JINCTOBOTO CKJIa SIK KOHCTPYKTHUBHOTO MaTepiany, 31aTHOTO CIpUAMAaTH 3HAYHI
HaBaHTaXeHHs. [Ipu po3paxyHkax Ha MIIHICTh ICHYIOYlI HOPMATHBHI JOKYMEHTH, TaKl SIK
I'OCT P 56926-2016 ta EN 12150-2, nepen0auaroTh, epeBa>kHO, BITPOBI HaBaHTAXCHHS Ha
MIOBEPXHIO CKJISTHOT IJIACTHHH.

©T'.A. lloptHoB, B.B. lapienko, B.B. Ilykanos, 2022
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AHaJ3 ocTaHHIX JAocjailkeHb 1 mnyOJikanid. BBeneHHs HOpPM pO3paxyHKY
KOHCTPYKIIIN 31 CKJIa YCKIJIQTHSEThCS BaplaTUBHICTIO MOTo XapakTepucTHK mirHocTi [1]. Ha
BIIMIHY BiJ TpPaJULIIMHUX KOHCTPYKTUBHHX MaTepialiB TPaHWYHUNA CTaH JIHMCTa CKIIa
3aJIEKUTh HE TUIBKM BIiJ BHYTpIIIHIX ae(eKTiB, aje 1 Big TEXHOJOTIYHUX (aKTOPiB,
3aJUIIKOBUX HANpy>XeHb, CTaHy TMOBEpxHI Ta KpoMmok [2]. lle poOuTh pe3ynbraTH
BUNPOOYBaHh BUPOOHHKA CTATHYHO HEOMHOPIAHUMHU. J[0 TOTO X HAa HANIMHICTH KOHCTPYKIIiT
BIUIMBAIOTh KOHCTPYKTHMBHI (akTOpHU 3akpimjieHHs Jucta (¢anplieBa 30Ha, TPHOX- Ta
YOTHPbOX-TOYKOBUM 3TWH, KiJblle-Ha-KUIble) [3,4], yMoBH ekcrutyaTarii ([UKIIYHE Ta
TpHUBAJIe CTATHYHE, TMHAMIYHE HaBaHTaXeHHs) [5, 6].

Ha npaktuii nutaHHsS KOHCTPYKTHBHOTO 3a0€3MeUeHHsT HaIIMHOCTI BUPINTYIOTHCS HA
MICISIX TPOBEAEHHSIM HATYpHHX BUIPOOyBaHb 3HAYHOI KIUJIBKOCTI BapiaHTiB OyIiBENbHUX
KOHCTpPYKIIiH [7, 8].

3acTocyBaHHS JUCTOBOTO CKJIA SIK KOHCTPYKTHBHOTO MaTtepiaiy, 31aTHOTO ClpuiiMaTu
3HAYHI HABaHTAXXCHHS YCKJIQJHIETHCS BIJICYTHICTIO CHUCTEMH HOPMATHBHHUX JOKYMEHTIB 3
PO3paxyHKiB HaNpy>keHo — 1e(h)OpMOBAHOTO CTaHY KOHCTPYKTUBHUX €JIEMEHTIB.

Knacuuna teopist pyiHyBaHHsS I KPUXKHUX MaTepialliB 3 PI3SHUMHU BIACTUBOCTSIMHU
pPO3TATYBAaHHSI Ta CTUCHEHHsS mependavyae OOpaHHS KpUTEpieEM pyHHYBaHHS Hamnpys>KEHHS
Mopa — Kynona [9]. O0GuuciIeHHs 1IbOTO MOKa3HWKA B YMOBaX HATYPHOTO E€KCIIEPUMEHTY €
pOoOJIEMAaTUIHHM.

VY Himeuyunni B TRLV (TexniuHi yMOBH JjIsl 3aCTOCYBaHHS JIIHIHHO BCTaHOBJICHOTO
CKJIIIHHSI) PO3PaxyHOK KOHCTPYKTUBHUX €JEMEHTIB 31 CKJIa 3IiHCHIOETHCS IUISIXOM
HOPIBHSAHHS J1F0Y0T0 HAIIPYKEHHS IPU PO3TATYBaHHI 3 JOIIYCTUMHUM HaIpPy>KEHHSIM.

B TOCT P 56926—2016 sx oOCHOBHMH KpHUTEpiii pO3paxyHKy 30BHILIHHOTO
OAJIKOHHOTO CKJIIHHS NPUIMAIOTh PO3PaxyHKOBE 3HAUEHHS I'PAHUYHO JOITyCTUMOTrO MPOTUHY
CKJIa.

AHaITHYHI PO3PaxXyHKH 3 BUKOPUCTAHHSM y3arajibHEHUX KOC(III€HTIB HAAIMHOCTI Ha
OPaKTUI TPU3BOAATH JO €KOHOMIYHO HEBMIIPABJAHUX pIlIeHb NPU PO3poOIl HECcyuyux
KOHCTPYKITIH.

IlocTaHoBKka 3aBaaHHsl. METOIO CTAaTTi € 3aCTOCYBaHHA MOXJIMBOCTEH CydacHUX
OpOorpaMHUX KoMIulekciB 3D MopnentoBaHHS 3 IHTEIPOBAHUMH MOMYJISIMH PO3paxyHKY
Harnpy>keHO-/1e()OPMOBAHOTO CTaHy MOJEJI J03BOJIE€ ICTOTHO 3HM3MTHU COOIBApTICTh IMX
BUNPOOYBaHb MPU BUKOPHUCTAHHI BIPTYaJIbHOTO CTEH/IA.

Buknag ocHoBHoro marepiaiay. OcoOmuBOCTI  BipTyaJbHOrO CTEHAA IS
JOCJIIJDKEHHST KOHCTPYKIIIH 3 JHMCTOBOrO CKJa TIIOB’s3aHI 3 HEIIHIMHUM XapaKTepoM
negopmanii IpuW HaBaHTAXEHHI, HEBH3HAUYCHICTIO KPUTEpIiB pyHHYBaHHS, a TakKOX 3
0OpaHHSAM YMOB KOHTAKTY JIeTaJlel CTeHAA.

3 mparHeHHAMH CIPOCTUTH 3aCTOCYBAaHHsS HaNiBEeMIIpUYHUX (OopMys mOB’s3aHi
BBEJCHHA B pO3PaXyHKH B SKOCTI KpHUTEpIiB pyHHYBaHHA TOJIOBHMX HAIpPyXeHb Ta
KOMOIHAIiil HampyXeHb PO3TATY, CTUCKAHHS, & TaKOX JOTUYHHMX HAINpPYXKEHb, SKI MOXYTb
OyTH 00YMCIICH] 3a IONTOMOTOIO JaTUYHKIB.

Moo B3aeMonii MK AeTalnsIMH, TO CIPOOM BpaxyBaTH 3aHAIATO BEIUKY KUIbKICTh
(bakTOpiB MPU3BOIUTH IO HEBUITPABIAHO BEJIMKUX BUTPAT MAaIIMHHOTO pecypey [10, 11,].

3anponoHoBaHa MOJIENb CTEH/1a JO3BOJISE OLIHUTH HANPY>KeHO — 1e(hOpMOBAHUI CTaH
BCTAHOBJIEHOTO B paMy IpPsIMOKYTHOT'O JIMCTa CKJa HpHU Jii Ha HOro MOBEPXHIO PIBHOMIPHO
PO3MOITIEHOTO TUCKY.

[IporoTunom Mozeni € CTEHA ISl HATYPHUX JTOCIIKEHb JINCTOBOIO CKJIa HA 3TUH [8],
HoKa3aHUi Ha puc.l.
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1 — repMeTHyHa Kamepa; 2 — TyMOBI POKJIIAJIKH 110 IEPUMETPY; 3 — BaKyyMHa Kamepa; 4 — 3pa30K JIMCTOBOT'O
CKJIa; 5 — MaHOMeTp; 6 — 3amipHUii KpaH; 7 — pecuBep; 8 — BaKyyMHHIA HacOC; 9 — IHIUKATOPH.

Pucynoxk 1 — Konctpykuist creHaa ajst BApOOyBaHHs JIMCTOBOT'O CKJIa PIBHOMIPHO pO3IOJIUIECHUM

HaBaHTKCHHIM
Ioicepeno [8]

Po3po6isiena B cepenoBuiii SOLIDWORKS monens nmokazana Ha puc.2

1/ 2/3/4/5 6)

a) — 3araJbHUI BUMIIA; 0) — AeTasizanis
1 — HrxHA paMa; 2, 4 — r'yMOBa IPOKJIafKa; 3 — JIUCT CKJIa; 5 — BEpXHs pama.

PucyHoxk 2 — Monens creHa A1l BUIPOOYBaHHS JIMCTOBOTO CKJIa PIBHOMIPHO PO3IOIUIEHUM HaBaHTA)XKEHHAM
Lrcepeno: pospobneno asmopamu

Mopenp BKIIOYA€E HUKHIO Ta BEPXHIO MPSMOKYTHI paMH, JABI TYMOBI NMPOKJIAIKH, B
IUTaHI MOMIOHI 10 paMU 1 NPSIMOKYTHHUM CKJISSHUI JIUCT 3a 30BHIIIHIMU rabapuTaMy B IJIaHI
MOAIOHMI 10 pamH.

ToBmuHa 1 MaTepiad paMu OOUPAETHCSA TOBUTHHO, 0O MPU PO3PAXyHKY MOJENI pama
MPU3HAYAETHCS a0COIFOTHO TBEPIUM T1JIOM.

Po3mipu ckia, TyMOBOT IPOKITAIKH 1 iX (Pi3MKO-TEXHI4HI BIACTHBOCTI MPU3HAYAIOTHCS
B 3QJIC)KHOCTI BiJl yMOB €KCIIEPUMEHTY.

Hocmipkennss mopaeni BukoHyOThesi B Moayni SOLIDWORKS  Simulation 3a
HACTYIMHUMH HaJaIITyBaHHSIMHU:
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1. Tun mocHiUKEHHS: HEJIHIIHE CTaTUYHE.

YacoBuii IHKpEMEHT: «aBTOMaTUIHO.

[TapameTpu HeNiHIHHOCTI: «BHUKOPHUCTOBYBATH CKJaa [UIS BEIUKOTO 3CYHEHHS;
«TmapaMeTp BeIuKoi aedopmartii» BKIFOUCHHH.

OOpaHHs Iporpamu, mIo BUPIIIYE: «aBTOMATUIHOY.

2. Jlerami: pamMa — KOpPCTKE TJIO; CKJIsTHA TIJJAaCTHHA 1 TYMOBA MPOKJIAJKa — TaKi, M0
nehOpMYIOThCSI.

3. B3aeMojisi KOMIIOHEHTIB: «HWXHS paMa (HIKHS, BEPXHS) - TyMOBa MPOKJIAIKa
(HYDKHS, BEpXHS)» - «IOB’s3aHI 3 HE3aJEKHOI0 CITKOIO»;, «CKJISHA IJIACTHHA — TyMOBa
MPOKIIaiKa (HYDKHSI, BEPXHS)» - JJOKaJIbHA B3aEMO/IIS « KOHTAKT 3 TEPTAMY.

4. Kpinnenss: «3adikcoBaHa reoMeTpis» pam (puc.3)

f._—.'.:-:-- “"'_! “'1- ]

kg

| 3aikcoBaHa reomeTpia:

Pucynok 3 — Kpimuiensst pam

Ioicepeno: pospobneno asmopamu

5. 30BHIIIHE HAaBaHTAXXCHHS: TUCK HAa BEPXHIO MOBEPXHIO CKJIA 32 MEXaMU T'yMOBOI
pokiIaaku (puc.4).

| JHaueHHA THCKY [MSm"2):) 60000

Pucynox 4 — 30BHIIIHE HABaHTAKEHHS HA CKIITHY TUTACTHHY
Loicepeno: pospobaeno agmopamu
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6. CiTka: Ha OCHOBI 3MiIlIaHOT KPUBU3HMU.
JlocaimKeHHs MOJIEITi TO3BOJISIE:

- OesnocepeHhO BU3HAYUTH 3HAYCHHS 1 JIOKAMi3allil0 TOJOBHUX HAIMpPY>KEeHb
CKJIsTHOT macTuHH (puc.S);

Pucynok 5 — Jlo BU3Hau€HHS TOJIOBHUX HANpPY>KEHb
IDicepeno: pospobneno agmopamu

Oe3rnocepeIHbO BU3HAYUTH 3HAYCHHS 1 JIOKAI3allil0 MiHIMAJIbHOTO KOEQII[iEHTY
3amacy MIIHOCTI 3a KpuTepieM pyiiHyBaHHI Mopa — Kynona (puc.6) 3 HacTyImHHM

nepepaxyHKoM HarpyxeHHss Mopa — KysioHa B 3aJIe)KHOCTI BiJI 3aKJIaZICHOTO B MaTepiall CKiIa
3HAYEHHS MEXK1 MIITHOCTI;

m 9,068 +00

Pucynox 6 — JIo Bu3HaueHHs KoedillieHTy 3amacy MIIHOCTI 3a KpuTepieM pyliHyBanHs Mopa — Kynona
Lowcepeno: pospobaeno agmopamu

- 0es3rnocepeHh0 BU3HAYHMTH 3HAUCHHS 1 JIOKATI3AIlil0 MAaKCUMAaJIbHOTO 3MIIICHHS
TOYKH MOJIeli (pUcC.7) 3 MOXKIIMBICTIO BUPAaXyBaHHS TIEPEMIIICHHS By3J1a IUIACTUHH;
- BHW3HAYMTH Aedopmarii.

_ =
2,274e +00

Pucynoxk 7 — Jlo BU3HaYeHHS NEpeMilIeHHS
Lowcepeno: pospobaeno agmopamu
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BucHoBkn:
1. IlpuBeneni HamamTyBaHHs 3a0€3Me9yIOTh 0€3KOH(IIIKTHY pOOOTY MPOTpaMH.
2. Jlokamizarisi KpUTHYHUX HAINpPYXKEHb B CKJSHINA IUIACTUHI CHIBIAJAE 3 JaHUMU

HaTypHHUX €KCTICPUMEHTIB, 1110 TOBOPUTH PO aJ€KBATHICTh MOJIEIII.

3. Po3pobiiena mMofenb cTeHAy A03BOJISE TOCTIAWTH HANpy>KEHHH CTaH JIHCTOBOTO

CKJIa B yMOBaX PIBHOMIPHOTO HaBaHTAXEHHS 3aJIC’KHO BiJ MapaMeTpiB TYMOBOI MPOKIAJKH i
OOI'pyHTYBaTH KOHCTPYKIIIIO CyTOpTa.
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Stand Model for the Study of Sheet Glass Structures

The use of sheet glass as a structural material capable of bearing significant loads is complicated by the
lack of regulatory documents for calculating the stress-strain state. This is primarily due to the variability of the
strength characteristics of sheet glass. In practice, these necessary indicators are obtained by conducting full-
scale research. A large number of factors that affect the strength of glass makes the test results statically
heterogeneous, which leads to a high cost of research. The use of the capabilities of modern 3D modeling
software systems can significantly reduce the cost of testing by virtually simulating the impact on the model of
the structural element. The glass plate model is free of production defects, so its study allows for determining the
general direction of the influence of structural factors on the structure's performance and its optimization.

This paper presents a stand model developed in the SOLIDWORKS environment for the study of sheet
glass structures under the action of uniformly distributed pressure. Analyzing the model in the SOLIDWORKS
Simulation module according to the proposed settings allows to study of the stress state of flat glass depending on
the parameters of the rubber gasket and to justify the design of the support unit. The model allows to estimate of the
stress-strain state of structural elements based on the Mohr-Coulomb failure criterion (for a glass plate), and stresses
(according to Mise, and others) for support elements. The above settings of the program ensure its conflict-free
operation with low machine resource consumption. There is a possibility of variations in the design of the support
unit, including taking into account the conditions of fixing (friction) elements. The localization of critical stresses in
the glass plate coincides with the data from field experiments, which indicates the adequacy of the model.

The developed model of the stand allows for the investigation of the stressed state of sheet glass under
uniform load conditions, depending on the parameters of the rubber gasket.
sheet glass, support unit, 3D modeling, failure criterion, Mohr-Coulomb stress criterion
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