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Anorania. [Ipu 36inbineHHs piBHA ToTpeO B
HaTONpoayKTax cTaja npobieMa OyIiBHHULITBA
pe3epByapiB Juis ix 30epiraHHsa. IcTopis mosiBu
pe3epByapiB B CBiTi 3 pO3BUTKOM HaTOBOI
MPOMUCJIOBOCTI Toyayiack B 17 ¢T. 3 30UIbIIEHHAM
BUIOOYBaHHAM 1 TmepepoOKor0 HAQTOMPOIAYKTIB.
CriouaTky 1ie, OyiM 3eMJIsiHi pe3epByapd Ha
rauHUCTUX IpyHTaX. [lpum Takiii koHdirypauii
KOHCTPYKLIT TMiAMPUEMCTBAa BTpavyald YacTHHY
HAapTONPOMYKTIB, a TaKokK, 3 4YacoM, Taki
KOHCTPYKLii OOBamoBanucs, THM CcaMHUM OyJH
ny)ke HeOe3NeyHWMH Ui TPUBAJIOi eKCIuTyaTtaril
pesepByapa. Ilepumii  xienaHuii  cTaJbHUI
pesepyap 3anpononyBaB B. I'. lllyxos, sxuii Oys
nobynosanuii B 1878 poui. B 1935 poui B cBiri
OyB 30ynoBaHMii 3BapHMI pe3epByap, SKUH MaB
06’em 1000 m>. Lleii mMeTon A03BONIUB MepeiiTu Ha
iHAyCTpiaibHUI PiBEHb 1 PO3TOPHYTH LILTY MEPEKY
pe3epByapiB B MPOMUCIIOBUX paiioHax YKpaiHu i
CBITY. 3a KOpJAOHOM BHPILUYIOTHCS MPOOIEMHU
30epiraHHs HadTH M 3eMJIC0 3 BUKOPUCTAHHIM
MPUPOAHUX 1 IITY4YHUX MycToT. Ha choroHiuHii
neHb npaktiyHo Bci  cywacHi A3C, 06asu
HAPTONPOAYKTIB ~ Ta  iHWI  MiJNPUEMCTBA
BHUKOPUCTOBYIOTh CTallbHI 3BapHi pe3epByapu. Lli
KOHCTPYKLIii € HaJliliHi Ta TOBrOBiYHi, aje BUHUKAE
NUTaHHs Ui OyAb-KOrO  MiANPUEMCTBA
€KOHOMIUHOI CTOPOHM THTaHHA. 3po0OUTH Tij
KO)KHE TMIANPUEMCTBO 1HAMBIIyanbHY TOBUIMHY
CTaJIbHUX KOHCTPYKLiH, Ui €KOHOMII KOLITiB Ha
OyaiBHuuTBo. Ilpu  1pOMy  po3risjaeThbes
HeoOXiaHe ONTHMAaJIbHE aBTOMAaTH30BaHe
MPOEKTYBaHHS LIMX pe3epBYyapiB Ul 3HAXOJKEHHS
ONTUMAJILHOrO  pilleHHs KoHCTpykuii[1,2]. B
JlaHiii cTaTi po3ryissHyTa ONTUMI3allis pe3epByapy 3
TUIABAIOYMM JIaXOM.
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‘ OnekcaHap KoweBum

OnTumizanis  BUKOHYETHCS  MaTeMaTHUYHUM
METOJIOM TrpajllieHTHOro cnycky. lIpoctoposa
CKiHYEHHO-eJIeMEHTHa MoJelb Mo0y/J0BaHa 3a
JOMOMOIOl0  METOAY CKIHYEHHHUX EJIEMEHTIB.
BukoHaHuii 30ip HaBaHTa)keHHs Ha OOOJIOHKY
MaJIMBHOTO pe3epByapy 3 IUIaBalOYMM [JaxoMm, a
came: BJlacHa Bara KOHCTPYKLii, CHir, BiTep,
HABaHTaKEHHS BiA HAQTONPOAYKTIiB B MAIMBHOMY
pe3epByapi, TEXHOJOTrIUYHE HABAHTAXKEHHS Bij
Jofed  Ta  OrOpPOIKYBAJIbHUX  KOHCTPYKLIIM.
Po3pobiieni koMOiHallil 10 HaBaHTaXEHHIO, OyJia
obpaHa HaliHeOe3neuHila komOiHallisl, 3a KO i
MPOBOJUIIACS ONTHUMI3allisl MATMBHOTO pe3epByapy.
HinboBa ¢yHkuis — maca. 3MiHHI NPOEKTYBaHHs —
TOBLIMHA 000J0HKK. OOMEKeHHS: HANPYKEeHHs 110
Mizecy, nepemimenHss no ocaMm X,Y,Z, mnepina
4acTOTa  BJAaCHUX  KOJIMBAaHb  KOHCTPYKLII.
Pesynbratn  mpeactaBieHi  Ha  Jiarpamax
MOKa3yIOTh 3MEHIIEHHS a00 30iUIblIeHHS Macu —
UinboBoi (GYHKLII TpU TMEBHOMY OOMEKEHHIO
KOHCTpYKIii. BUKOHaHI YuCeNbHI AOCIIKeHHS Ta
3po0JieHi BUCHOBKH 11O JaHili METOIULII.

Kuro4oBi ciioBa: onTumisallisi, MpOEKTYBaHHS,
000JI0HKH, MaNUBHUI pe3epByap, ONTUMI3aLlis
pe3epByapiB, ontumisailis Femap Nastran,
YHCeNbHE TOCITiPKESHHSI.



Hanzemui pe3epByapu po3AisisiiOThes HA JEKiTbKa BUIIB:
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Puc.1.1 Tunu pesepByapiB: a) HaA3eMHa UUTTHIPUYHA BEPTHKAIIb 3 HEPYXOMHM AaxoM [il]; 6)
U HAPUYHA BEPTHUKAND 3 TUIABAKOYMM JIaXoM [i2]; B) IMTIHAPUYHA BEPTHKAIH 3 TUTABAIOYUM JIaXOM
i 3 HepyXoMuM jaaxom [i3]

Fig. 1.1 Types of tanks: a) above-ground cylindrical vertical with immovable roof; b) cylindrical
vertical with floating roof; ¢) cylindrical vertical with floating roof and with immovable roof
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Puc.1.2 Tunu pesepByapiB: a) miazeMHa HUIiHAPUYHA BepTUKaND [ 1]; 6) nuninapuyHi piHi [4];
B) AKcialbHO-CUMETPUYHUMN BepTUKaIb [1].

Fig.1.2 Types of tanks: a) underground cylindrical vertical; b) cylindrical levels; ¢) Axially
symmetric vertical.

35



B nmaniii cTaTTi po3rismaeTbes pe3epByap -
IWITIHPUYHA BEPTUKAJD 3 TUIABAIOYAM JIaXOM
puc. 1.1-1.2. TlpuHIMTIOBE pIIICHHS TaKOTO
pesepByapy o0yMoOBIIeHE MOKEKHOFO
6esnexoro. Komm pesepByap HamoBHEHHWH Ha
100% nax pesepByapy 3HAXOAMTHCS B CBOIH
HaWBHUIIi# Toui, Ko Ha 50%, omyIeHuit Ha
nojioBuHy. lle nmae 3Mory He HaKOmUYyBaTH
BHITApH BiJl HAQTOIIPOIYKTIB B pe3epByapi, 1110
Jla€  BUCOKHMU 3aXUCT TOXKEKHOI OE3MeKH.
BisbI TOro KOHCTPYKIIiS Jaxy, 3a JTOTIOMOTOIO

3akoHa ApXimena Jomomarae, He IepeaBaTH
BJIaCHy Bary Jaxy 1 CHIry Ha Hecyul
KOHCTPYKIIIT pe3epByapy — IIe JIa€ MOKIUBICTh
3MEHIIUTHU Bary HECYYHX KOHCTPYKIiH.

['eomerpuuni po3mipu pe3epByapy.

Hiametp 21.4 M. Bucora 14 m. TormmHa
00O0JIOHKH PO3MOJIiIeHa Ha 7 CeKIii mo 2 M.
ToBmuHa 000JOHKH po3mojiaeHa Big 29 MM
1o 23 mMm. KoHerpykiito 300pakeHo Ha puc
1.3-1.4.

Puc.1.3 Cxema pesepByapy 3 MiaBatoyuM Aaxom: | — 000J10HKa; 2 — NOHTOH; 3 — MeMbOpaHna; 4
— JIHO pe3epByapy; 5 — BiTpoBe Kijiblle; 6 — po3KJIaiHi cXoau; 7 — JOpiKKa Ui 00CIyroByBaHHS
pe3epByapy; 8 — onopu mokpieii; 9 — aepauiiinuii knanad; 10 — repMeTH3allis MJIaBalOyuoro 1axy,

11 - npeHax nokpisii

Fig.1.3 Diagram of the tank with floating roof: 1 — shell; 2 — pontoon; 3 — membrane; 4 — the
bottom of the tank; 5 — wind ring; 6 — folding ladder; 7 — track for tank service; 8 — nokpieii the
supports of the roof; 9 — aeration valve; 10 — sealing of the floating roof; 11 - drainage of the roof

Ta6u. 1.1 OnTuManbHi po3MipH pe3epByapiB 3 IIABAIOYNM JJaXOM
Table 1.1 The optimal sizes of tanks with floating roofs

06’eM pesepByapy [M°] Bucora nokputts h [m] Bi)momemg[ poswipis h/
500 + 5000 8,0+12,0 1/1,25+1/2,0
5100 + 9900 12,0 + 16,0 1/1,8 = 1/2,0
10000 + 16000 16,5 1/1,8 +1/2,3
17000 + 50000 18,0 1/2,1 +1/3,6
51000 = 100000 20,0 1/3,3+1/4,3
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Puc 1.4 Ilpuknana By3i1a NpuMHUKaHHS MTOKPIBITi 10 CTiH pe3epByapy
Fig. 1.4 An example of a node of an adjunction of the roof to the walls of the tank

Teopernuni Bizomocti. [lpu omnrumizamii
BUKOPHUCTOBYETHCS ~ MAaTeMaTHYHUA  METOJ
MpOeKIil TpajieHTa, SKUH  BHKOPUCTOBYE
iHpopMaIlif0 TUTBKH MEPIIUX TOXIHUX, abo
TpajiieHTy, 1 mojsirae B TOOYJOBI IOCIHIiIOB-
HOCTI MoAuQiKamiii MPoeKTy, KOTpUi 3ade3Ie-
gye 30DKHICTh B TOUIll 3 MIHIMaJIbHUM
3HAUCHHSAM (YHKIII [OUTi (TOYIl ONTHMYMY),
OpU I[bOMY BHKOHYETHCS aBTOMATH30BaHUI
CTAaTHYHHN pO3paxyHOK Ha 0a3l Merona
CKIHYEHUX eJIeMEHTIB Oy/iBeJIbHOI MEeXaHiKH,
1€ TIPeACTaBICHO B podoTax [3,4,5]

Pe3yabTaTn YHCJIOBUX AOCJiIKEeHb.
ABTOMATM30BaHa  OITHUMi3allisg  ITAJIUBHOIO
pe3epByapy 3 IIaBAIOUUM JIaXOM BHKOHYETHCS
3a JIOIIOMOT'0I0 IPOTrpaMHOro KoMiuiekey Femap
Nastran, 1o cHemiadTbHOMY alrOPUTMY IS
AaBTOMATH30BAHOTO  Mi0OPY  ONTUMAbHOI
KoHCTpyKIii [7,8,9].

[Iporpama omTuMizalii A03BOJSE 3HAUTH
ONTHMYM KOHCTPYKIII B XOJi MiHiMi3aIlii a0bo
MakcHuMi3aIlii mpU3HAYeHO! ITHOBOI (YHKIII.
[linboBa  QyHKIIE - Maca  OOOJIOHKH.
[IpoekTHUMHU 3MIHHUMHU € TOBIUHA 000JIOHKHU B
KOXXHOMY CKiHUCHHOMY €JIEMEHTI — IIe € 3MiHHa
npoektyBanH:[10,11,12]. [Ipu 3miHi TpOEeKTHUX

HEBIIOMUX TTOBHHHO BHKOHYBATHCS] OOMEXEHHS
JUISL HAIIIOTO BUTIAJIKY:

- 3a Hanpy>KeHHsMH 1o Mizecy;

-3a mepemimenHsM 1o oci Total
Translation = VX2 + Y2 + Z2;

-3a BJIACHUMH YacTOTaMH KOJIMBaHHS
KOHCTPYKIIIT SIKi HaKT1aJIeHi Ha BIATYK
KOHCTPYKIIIi 1 Ha 3MiHHI IPOEKTYBaHHSI.

B X0 PO3paxyHKY BHKOHYETHCS
MonuQikalis  KOHCTPYKIIi, TpuU  LBOMY
OTPUMAEMO 3MEHIIEHHS Mach OOOJOHKH ISt
NAJIMBHOTO pe3epByapy 3 IUIABAIOYMM JIaxoM,
10 MPHUBOIUTH JIO ABTOMATH3allii mporec
nigdopy  ToBmMHU  oOomonku  [13,14,15].
[Iporpama BHBOAMTH ONTHUMAJBHY TOBIIUHY
KOHCTPYKIIII MPpH 3a7aHOMYy JIIMITY, B HaIIOMY
BUNAJIKy 1€ HalmpyXeHHs, NepeMillleHHs i
BJacHa dYacTtota KoinuBaHb. llpm 1mpoOMy

BUKOHY€ETHCS MiHiMa3i1is Li7bOBOTO
(GyHKITIOHATy — Maca OOOJIOHKH ITaJMBHOTO
pe3epByapy.

MaremaTiuHe ~ TpeJCTaBICHHS  3amadi
POEKTYBaHHS HA3UBAETHCS 3arajJbHOI0
dbopMyIIIOBaHHSIM 3aj7adi ONTHMI3aIlii MOXHA
sammmcatn Tak:  F(X) - min, neX =
(X1, X5, een o X,) - O3MiHHI TIPOEKTYBaHHS

37



[16,17]. Ilpm mbOMYy NOBHHHI BHKOHYBATHCS
HEPIBHICTD Opgy < Oudm

HaBantaxxeHHss Ha OyIiBIIO 3amaBajiocs
3TiIHO  JIep’)KaBHUM  OyJIiBEeJIPHHUM  HOpMaM
VYkpainu. by 3a1ani HacTyITHI HABaHTAXKCHHS:
BlIlaCHa Bara Hecy4oi OOOJOHKH, CHITOBE,
BITpPOBE, TEXHOJIOTIYHE HABAaHTAXXCHHS  BiJ

ONe, HaBaHTaXGHHsS BiJg piauHA. byna
oOpana cama  HeOe3meuyHa  KoMOiHaIist
HABAaHTAXXEHb 1 3a Li€l0  KOMOIHALIE

BUKOHYBaBCsl 0Oe€3M0OCepeIHbO PO3PaXyHOK Ha

MiHIMi3aIlifo MiJIHOBOI (PYHKITIT — 3HAXOKEHHS
[epimM i3 po3paxyHKiB € ONTUMI3aIlis

000JIOHKH - JIIMIT HaIpyXeHHb 10 Mizecy.

bJok cxema
Block diagram

[To6ynoBana CEM 3 3aaHor0 KOMOIHAII€I0 HABAHTAXESHHSI.

a1al0TbCs YHIKAJIbH1 BJIACTUBOCT1 JJIA

TUIly Plate, e

MOKa3y€TLCA KPOK 3MCHILICHHS a00 30LJIbIICHHS TOBIIMHH KOXXHOI'O

[lepepaxyHOK KOHCTpPYKIIii Th: Static.

3anaetnes [linboBa QyHKINISI — Maca KOHCTPYKITiT;

3amarorsest 3MiHHI TpoekTyBaHHs — ToBHA CE Plate

3amaetnest JIiMIT po3paxyHKy — HaIpyXeHHs 1o Mizecy

[TepeBipka po3paxyHky: Beemenns daiiny 3 po3mmperasm .PCH
BukoHaHHS mepeBipoYHOTo po3paxyHKy THIT: Static

Puc 1.5 Po3noaisieHHs TOBIMHU OOOIOHKH MICJIS ONTUMI3aLil B MM
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Fig. 1.5 The distribution of the thickness of the shell after optimization in mm

Puc 1.6 Hanpy>xenns o Mizecy oGosoHkH micist ontumizaitii 8 MI1a
Fig. 1.6 Stress by Mizes of the shell after optimization in MPa
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Puc 1.7 Hanpysxenns no Misecy 060oHkH 70 onTuMizauii B MI1a
Fig. 1.7 Stress by Mizes of the shell before optimization in MPa
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Puc. 1.8 Jliarpama 3MeHIIeHHSI Macu 000JIOHKH TIO [IMKJIaM ONTUMI3allil
Fig. 1.8 Chart reduce the weight of the shell according to the cycles of optimization
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BucHOBOK. 3riTHO JaHUM JOCHIHKEHHAM
puc. 1.5-1.8 i1t Hecy4oi 371aTHOCTI Ha
3arajbHy MIIHICTh ITPH JaHii KOMOiHAIiT
HaBaHTa)KEHb JJOCTATHLO TOBIIHUHA 000JIOHKH
Bix 3 10 5 mM. Big mouyaTtkoBo1 TOBIIMHI
000J10HKH 20 MM BiJIHOCHA €KOHOMisl METaITy

oyne 55,8%

JlpyruMm i3 po3paxyHKiB € ONTHMI3aIlis
000JIOHKH, IIPU SIKOMY JIIMIT Ha IepeMiIIeHHs
3as1aeThes o ocsiM X,Y,Z. B kiHIi mporpama
ABTOMAaTHYHO MOOY/IY€E BEKTOP TOJIOBHHUX
nepemimiens [18,19]. Total Translation =

X2+Y2+72

Baok cxema
Block diagram
[TobynoBana CEM 3 3a1anor0 KoMOiHAIlI€10 HABaHTAKCHHS.

3anaroTbes yHikaidbHI BaactuBocTi it CE tumy Plate, ne mokasyeTscst Kpok
3MEHINIEeHHs a00 30UIbLIeHHS TOBIIMHN Ko)kHOTO CE.

[lepepaxyHOK KOHCTPYKIIii THII: Static.

3anaetbes LlinboBa QyHKIIisI — Maca KOHCTPYKITii;

3anaroTbes 3MiHHI IpoekTyBaHHs — ToBIuHa CE Plate

3amaeTnes JIiMiT po3paxyHKy — nepeMimenHs 1mo oci X,Y,Z.

OTpuMaHHs pe3yJbTariB TaM MoOyroBa rpadiky MiTboBOT GYHKITIT 10 IIHKIIAM
omTHUMi3aIli

[TepeBipka po3paxyHky: Beenenns ¢aiiny 3 pozmupenasm .PCH Bukonanus
MEPEBIPOYHOTO PO3paxyHKy THII: Static

731
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Puc 2.1 Hanpyxenns o Misecy o60oHkH J0 onTuMizaii 8 MI1a
Fig. 2.1 Stress by Mizes of the shell before optimization in MPa
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Puc 2.2 Hanpyxenns no Mizecy 0000HKH micis onTuMizaiii B MIla
Fig. 2.2 Stress by Mizes of the shell after optimization in MPa

Puc 2.3 [lepeminieHHs B 000JIOHLII A0 ONTUMI3aLlii B MM
Fig. 2.3 The movement in the shell before optimization in mm
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Puc 2.4 llepemilieHHs B 000JIOHIII TIiCIIA ONTUMI3ALIIT B MM
Fig. 2.4 The movement in the shell after optimization in mm
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Puc 2.5 Jliarpama 3MeHIeHHS] Macy 00OJIOHKH TI0 IIUKJIaM ONTUMI3allii
Fig. 2.5 Chart reduce the weight of the shell according to the cycles of optimization

BucHoBoK. 3riIHO TaHUM JOCIiKEHHSIM 0000HKH 25.5 MM BiJTHOCHA EKOHOMIisI MEeTaTy
puc 2.1-2.5 s Hecydoi 31aTHOCTI Ha oyne 30,1%. ITpu boMy BHKOHYIOTHCS BCi
nepeMilleHHs Mpy JaHiil komOiHamii HEPIBHOCTI Ha MPOTHH 0OOJIOHKH.
HABaHTaXXCHb JIOCTATHHO TOBIIIMHA 000JIOHKH TperiM i3 po3paxyHKIB € ONTHMIi3aIlis
Bix 3 mo 11 MM. Bix mouaTkoBoi TOBIIMHT 00O0JIOHKH JIIMIT BJIACHI YaCTOTH KOJIMBAHHS.

Bbaok cxema
Block diagram

[TobynoBana CEM 3 3a1aH0r0 KOMOiHAII€0 HAaBaHTAKCHHS.

3anaroThbes yHikanbHi BnactuBocTi 1yt CE tumy Plate, 1e mokasyerbest Kpok
3MEHIIEeHHS a00 301mbImeHHs ToBIuHE KosxHOTO CE.

ITepepaxynok xonctpykiiii Tum: Normal Modes/Eigenvalue.

3anaetnes LimboBa GyHKINS — Maca KOHCTPYKIIIT;

3anaroThes 3MiHHI TpoekTyBaHHs — ToBIuHaA CE Plate

3amaeTres JIIMIT po3paxyHKY — BJIaCHA YaCTOTa KOJTMBAHHS.

OTtpumanHs pe3y/bTaTiB TaM no0ynoBa rpadiky IiIb0BOI QYHKIIT 0 IIUKIAM
onTuMizarii

[lepeBipka po3paxyHky: Beenenns ¢aiiny 3 po3mupensasm .PCH Bukonanus
nepeBipouHoro po3paxyHky tui: Normal Modes/Eigenvalue
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Puc. 3.1 llepwa ¢opma konuBaHHs JO ONTHUMI3aLi.
Yacrora konmuBanHs 0.110715 I'u

Fig. 3.1 The first form of vibrations before
optimization. The frequency of oscillation 0.110715
Hz

Puc. 3.2 Jlpyra ¢popma KOJIMBaHHS 10 ONTUMI3ALLil.
Yacrora konusanna 0.110715 '

Fig. 3.2 The second form of vibrations before
optimization. The frequency of oscillation 0.110715
Hz

Puc. 3.3 Tpers popma KoJiMBaHHS 10 ONTUMI3aLLil.
Yacrora konusanns 0.117867 I'u

Fig. 3.3 The third form of vibrations before
optimization. The frequency of oscillation 0.117867
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Puc. 3.11 [lepiia ¢popma KoAMBaHHS Micis
onrumizauii. Yacrora konmusanns 0.15036 I'u

Fig. 3.11 The first form of vibrations after
optimization. The frequency of oscillation 0.15036
Hz

Puc. 3.12 Jlpyra ¢opma kouBaHHs Micis
onrumizauii. Yacrora kosmsanss 0.15036 '

Fig. 3.12 The second form of vibrations after

optimization. The frequency of oscillation 0.15036
Hz

Puc. 3.13 Tpers hopma KomuBaHHS Hicis
ontumizanii. Yacrora konuBanus 0.154376 I'u

Fig. 3.13 The third form of vibrations after
optimization. The frequency of oscillation 0.154376



Puc. 3.4 YetBepTta popma KOTHUBAHHS 10
onrtumizauii. Hacrora konusanHs 0.117867 '

Fig. 3.4 The fourth form of vibrations before

optimization. The frequency of oscillation 0.117867
Hz

Puc. 3.5 [T’sTa hopma KosiMBaHHS 10 oNTUMI3aLlil.
Yacrota konusanHa 0.119906 '

Fig. 3.5 The fifth form of vibrations before

optimization. The frequency of oscillation 0.119906
Hz

Puc. 3.6 lllocta ¢popma konuBaHHS A0 ONTHUMIBALIii.
Yactota konuBaHHs 0.119906 I'u

Puc. 3.14 YetsepTa hopma KoMBaHHS Ticis
ontumizauii. Yacrora konusanHs 0.154376 '

Fig. 3.14 The fourth form of vibrations after
optimization. The frequency of oscillation 0.154376
Hz

Puc. 3.15 [T’sara ¢popma konuBaHHs micis
ontuMizauii. Yacrora konuBanHsa 0.174181 'y

Fig. 3.15 The fifth form of vibrations after

optimization. The frequency of oscillation 0.174181
Hz

Puc. 3.16 LlocTa hopma konuBaHHs Mmics
onruMizawii. Yacrora konuanusa 0.174181 'y



Fig. 3.6 Sixth form of vibrations before optimization.

The frequency of oscillation 0.119906 Hz

Puc. 3.7 Croma opMa KOJTMBaHHS JJO ONITHMi3allii.
Yacrota konmueanas 0.13072 'y

Fig. 3.7 Seventh form of vibrations before

optimization. The frequency of oscillation 0.13072
Hz

Puc. 3.8 BocbMa opma KoIMBaHHS 10 ONTHMi3aLil.

Yacrora kosmBanas 0.13072 I'

Fig. 3.8 Eighth form of vibrations before
optimization. The frequency of oscillation 0.13072
Hz

Puc. 3.9 Jler’sta popMa KOTHUBAaHHS 10 ONTUMI3ALLT.

Fig. 3.16 Sixth form of vibrations after optimization.
The frequency of oscillation 0.174181 Hz

Puc. 3.17 CroMa dopma KOTUBAHHS TiCTS
orrruMmizartii. Yacrora konmBanusa 0.178271 'y

Fig. 3.17 Seventh form of vibrations after
optimization. The frequency of oscillation 0.178271
Hz

Puc. 3.18 Bocbma dopma konvBaHHS micis
ontumizaii. Yactora konuBanus 0.178271 I'u

Fig. 3.18 Eighth form of vibrations after
optimization. The frequency of oscillation 0.178271
Hz

Puc. 3.19 Jler’sita hopma KOJTUBaHHS TTCIs



Yacrtora kosmmBanHs 0.151097 I'og ornrrumizatii. Yacrora konmBanns 0.21346 I'u

Fig. 3.9 Ninth form of vibrations before Fig. 3.19 Ninth form of vibrations after optimization.
optimization. The frequency of oscillation 0.151097  The frequency of oscillation 0.21346 Hz
Hz

Puc. 3.10 ecsata popma KonMBaHHS 10 ONTHUMi3aLii.

Yacrora kommsaris 0.151097 I Puc. 3.20 Jlecsta hopma KoTMBaHHS Micis

ornrruMmizatii. Yacrora kommBanns 0.21346 I'i

Fig. 3.10 Tenth form of vibrations before
optimization. The frequency of oscillation 0.151097
Hz

Fig. 3.20 Tenth form of vibrations after optimization.
The frequency of oscillation 0.21346 Hz

- ¥

Puc 3.21 PosmnoaiieHHs TOBIIUMHU OOOI0HKHU Mic/d ONTUMI3aLil B MM
Fig. 3.21 The distribution of the thickness of the shell after optimization in mm
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Fig. 3.22 Chart the increase in the shell weight for the cycles of optimization
BucHoBoKk. 3riHO JaHUM JTOCIIKEHHSIM JPYroro  THUIY  PO3paxyHKy  OOOJIOHKH

puc. 3.1-3.22 npu 3MiHH TTOYaTKOBOI YaCTOTH
xoiuBaHHg 10 0.15 T’ mocraTHLO TOBIIMHA
obosonku Bix 12 mo 40 mm. Big mouarkosoi
TOBIIMHU OOOJOHKHA 25.5 MM BiJZHOCHE
301IpIIeHHS MeTary Oye 29,1%.

3arajbHi BHCHOBKH: B nmamiit crati
PO3TIIAIAETHCS OITUMi3alis IMAJIMBHOTO
pe3epByapy 3 IUIaBAalOYUM JaxoMm. byio
BU3HAYEHO, 1[0 IS ITOXKEKHOI O€3MeKn JaHui
BUJI KOHCTPYKIIii JIy’Ke BIAJIUH, TaKOX MpU

ObOMY OTpUMAEMO 3MCHIICHHS HABAHTAXKCHHS

Ha Hecyul KOHCTPYKIIIT HIaJIMBHOTO
pesepByapy.  HaBanTakeHHS  3amaBajiocs
3T1THO OyaiBETbHHUX HOPM Ykpainu.

BukoHaHWii poO3paxyHOK Ha ONTHMI3AIlIO
00OJIOHKH TIaJIMBHOTO pe3epByapy B SKOMY
MiapoBa (QYHKINSE € Maca OOOJIOHKH, a
3MIHHUMH  TIPOEKTYBaHHS €  TOBIIUHA
00O0JIOHKH, 1 TPH Bapiarlii JIMITy: HalpyXeHb
no Mizecy, nepeMillieHHsI 00O0JOHKU 10 0CSIM
X,Y,Z 1 BUBEICHHS TOJIOBHOTO BEKTOPY
nepemimens obononku Total Translation =

VX2 +Y2+4+ 72 | nocnmimkeHHS ONTUMAJIBHOL
KOHCTPYKIIIi TpW 3MiHI BJIaCHHX 4YacTOT
KOJIMBaHb.  Po3paXxyHOK  MOKasaB:  IpU
onTHMI3aIlii 000JIOHKH MMAJTMBHOTO pe3epByapy
JIMIT OOMEeXeHHsI HaIllpyKeHb 1o Mizecy maca
o0oJioHKH 3MeHmMiIac, Ha 55.8%:; s
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MAIMBHOTO pe3epByapy NpU OOMEKEHHI 3a
HepeMillIeHHsIM, Maca 00OJIOHKU 3MEHIINIIACH
30,1%; nns Tpetboro Ilpm 3MmiHiI mepmroi
gactotd koiumBamHg gm0 0.15 I'm wMaca
obonmonku 30umpmmiace Ha 29.1% llei
pO3paxyHOK  TOKa3aB, MI0  MOJXJIMBO
aBTOMAaTU3yBaTH  MOpPOIEC  ONTUMAIBHOTO
MPOEKTYBaHHS, KOJH HANpYyXEeHHS OiIbIIe
JOIMYCTHMOTO 1 MEHIIe, Hporpama Iicys
PO3paxyHKy ABTOMATHYHO BUBOJIUTH
ONTUMAJIBHUI pe3ylnbTaT, MNpH MiHIMizawil
miapoBoi (yHKI. [licis qaHOro po3paxyHKY
BUKOHYETBCS IIE€PEBIPOYHUI pPO3paxyHOK Ha
CTIHKICTD KOHCTPYKIIiT [20,21]. B
HOJaNbIIOMY IUJIAHYEThCS 3aMiHa IUTHOBOL
(GYHKIIIT 32 JOITOMOTOI0 MOBH IIPOTpaMyBaHHS
APl B mporpamHomy komiuiekcli Femap
Nastran.
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The optimization of propellant tanks with
floating roof and limitations of the movements,
stresses, self-oscillations.

Koshevoy Alexander

Summary. Raising the level of demand of
petroleum products has become a problem of
construction of tanks to store them. The history of
the tanks with the development of the oil industry
begins in the 17" century with the increase in
mining and processing of oil products. At first it
was earthen reservoirs on clay soils. This
configuration of the tanks wasn’t effective; the
factories lost some oil products, as well as over
time, these structures collapsed, thus were very
dangerous for long-term maintenance of the tank.
First steel tank suggested V. G. Shukhov, which
was built in 1878. In 1935 was built of welded tank
which had a volume of 1000 m3. This method
made possible moving to industrial level and
deploying a network of reservoirs in the industrial
regions of Ukraine and over the world. The
problem of storing oil under the ground with using
of natural and artificial voids was solved abroad.
Today, almost all modern petrol stations, oil depots
and other factories use welded steel tanks. These



constructions are reliable and durable, but the
question arises for every business-economic side of
the issue: to do individual thickness of steel
structures for every factory, to save money on
construction. This is considered necessary for
optimal automated design of these pools to find the
optimal solution design.

This article describes the optimization of fuel
tank with a floating roof. Optimization is made by
mathematical method of gradient descent. Spatial
finite element model built using the finite element
method. Collected loads on the shell of the fuel
tank with the floating roof, namely: self-weight of
structures, snow, wind, load from petroleum
products in the fuel tank, the process load from
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people and walling. Designed combinations of
loads, was chosen the most dangerous
combination, in which the optimization was
performed for the fuel tank. The objective function
is the mass. Design variables — thickness of the
shell. Limitations: stress by Mizes, moving along
the axes X,Y,Z, the first natural frequency of the
structure. The results are presented in the diagrams
show the decrease or increase of the mass -
objective function under certain constraints of the
construction. Numerical analysis and conclusions
were made.

Keywords: optimization, design, shells, fuel
reservoir, optimization of reservoirs, optimization
Femap Nastran, numerical analysis.



