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HEJITHIMHA OIITUMI3ALIS TOMOJIOT T
nHPOCTOPOBUX CTEPKHEBUX CUCTEM

€.A. €ropos,
II-p TeXH. HayK, Ipodecop

0.€. KyuepeHnko,
acmipaHT

TIpudninposcvka 0epaiicasra akademis 6yOigHuymea ma apximexkmypu, M. JHinpo

PosrisaeTses 3aladya ONTUMI3ALil TOMOJIOTII MPOCTOPOBOI crepskHEBOi cuctemu. HaBenena
MonmudikoBaHa HAIiBBU3HAUCHA 3aJada MAaTeMAaTHYHOTO IPOrpaMyBaHHS, sKa JOHOBHIOETHCS
JIONATKOBHMH IH)KEHEPHO-TEXHIYHUMH KPHTEPiSMH, IIO BHCYBAIOThCS O KOHCTPYKIIl HOpMaMu
IIPOEKTYBAaHHS. 3alPOIOHOBAHO aITOPHTM KyCKOBO-IIHIHHOI alipOKCHMAIii, [0 JO3BOJIIE HA OCHOBI
IUTOLII Tepepi3y CTEpXKHS BHU3HAYaTH HEOOXiJHI Ui PO3PaXyHKY TEOMETPUYHI XapaKTepHCTHKH,
HaBeJICHO AJTOPUTM BU3HAUCHHS (GopMHU Iepepidy crepxkHs. IIpomoHyeTbCs y3araabHeHa cxeMa
PO3B'sI3aHHS 3a7adi ONTHMI3amil TOMONOTii CTeP)KHEBOI CHCTEMH, HABOIATHCS IIPUKIATH PO3B'I3aHHS
ONTUMI3aNiiHOI 3a1a4i JAJIsl CTPYKTYPHOI IJIUTH.

KorouoBi cioBa: Tomonoris, onTUMi3alis, cTepXKHeBa CHCTeMa, CTPYKTYpHA ILIATA, MOMEHT
iHep1ii, KyCKOBO-JIiHiHA alipOKCUMAILLisl, CTIHKICTb.

Beryn. EdexTrBHICTE NPOCTOPOBHX CTEP)KHEBHX CHUCTEM, SIKi 3HAHILIN
LIMPOKE 3aCTOCYBAaHHS B OYIIBHMIITBI, B 3HAYHIN Mipi 3aJICKUTDH BiJ IPaBUIBHO
00paHOi KOHCTPYKTHBHOI CXEMH, 1HAKIIEe KaXydH - TOIOJOrii. Y CBOIO uyepry
3aJaua BU3HAYCHHS PalliOHAJIBHOI TOMOJIOTIT IPOCTOPOBO] CHCTEMH HEPO3PHUBHO
IOB’s3aHa 3 IPOOJIEMOIO 3HIKEHHSI MaTepialoMiCTKOCTI Ta 3a0e3reueHHs
HaAiHHOCTI (PYHKIIOHYBaHHS KOHCTPYKWii. 3a3Buyail poOOTH, IO ICHYIOTH B
rajy3i ONTUMAaJBHOTO NPOEKTYBaHHS, a0 JOCHIKYIOTh Cyrybo MaTeMaTHiHy
CTOPOHY ONTHMi3aliiHOI 3a/1a4i, 800 0OOMEXYIOTHCS PO3B'S3aHHIM 1H)KEHEPHUX
NpUKIaaauX 3aaad. JJo mepmoi rpynu moxHa BigHectd poborn H.B. Baniuyka,
T. Takamu, A.ben-Tams. Tax, B [l] aHamiTHYHO pO3B'SBYyEThCA 3aaava
OINITHUMAJIBHOTO MTPOEKTYBAaHHS Yy BHUIIIsAL (yHKIioHANIB. B [2] aBTOp posrisigae
3a/ady ONTHMi3amii TOMONOTIi 3 MO3UIIiH JIiHIHOrO MporpaMyBaHHs, a B poOOTi
[3] npoBoauThCS aHami3 Ta OOIPYHTYBaHHS MPOOIEMH ONTHMIi3amii CTEP>KHEBHX
cHCcTeM, SIKa ITPEACTaBIIeHA SIK 3a]aya HalliBBU3HAUCHOT'O IIPOrpaMyBaHHsL.

3  gpyroi Tpymm  MoXkHa ~ BuAumTH  podotm  B.B. I'puHBOBa,
A.B. Ilepensmytepa, B.O. Ilepmsikosa, B.B. Tpopumosnua, C.®. [Tiuyrina. B
[4] aBTOp, Hampukiam, pO3IJANAE ONTHMI3AII0 EIEMEHTIB KOHCTPYKLIH 3a
CHEKTPOM BJIACHHX dacToT. B [5] aBropu HaBOIATH NpPaKTHYHI METOAH
PO3B'sI3aHHS AKX ONTUMI3almiitHUX 3amad. B [6] cepen iHIIOTO pO3TIIsAaeThCS
ONITHMI3amlisl TONEPEeIHbO HANPYKEHWX MeETaJeBUX KOHCTPYKWiH, a B [7]
BHUKOPHCTOBYETHCSI IMOBIpHICHI METOIM JUIsI MiO0pY XapaKTEpPHCTHK CTalIeBUX
0aJIoK.

B 3a3nauennx Bume poboTax MOXKHA BIIMITUTH Taki OCOOJIMBOCTI: 3arajbHi
OINITHMI3aniiiHi METOIM MaJI03aCTOCOBHI IPU PO3B'SI3yBaHHI PeabHUX TEXHIYHUX
3aj]a4, a YaCTKOBUH IHKEHEpHHUN MiIXiJ 3a3BU4ail He 3a0e31edye ONTUMaIBLHOTO
po3B's3Ky. B OinpmiocTi BUnaaxiB e 3BOANTH HaHIBENb BCi 3yCWILIS 3 TOOYIOBH
e(QeKTUBHOI KOHCTPYKTHBHOI CXEMH.

© €ropos €.A., Kyuepenko O.€.



106 ISSN 2410-2547
Omip MatepianiB i Teopis copyx/Strength of Materials and Theory of Structures. 2018. Ne 100

B 1iif poOoTi MPONOHYETHCS ANTOPUTM ONTHUMI3amii TOMOJOTII POCTOPOBUX
CTEP)KHEBUX CHCTEM, SIKUH JIO3BOJIIE TOETHATH MAaTEMaTUYHy ONTHUMIi3aliiHy
CXeMy 3 IHKEHEpHMMH 3aJadaMH, 30KpeMa 3 HOPMAaTHBHHUMH BHUMOTaMH [0
MIITHOCTI Ta CTIHKOCTI, a TAKOX /10 KOHKPETHOI KOH(piryparii nepepisiB KOXXKHOTO
KOHCTPYKTUBHOT'O elleMeHTa. L[iTh onTuMi3amiifHOro alropuTMy - MiHiMi3aIlis
MaTepiaJoMiCTKOCTI Tpu 3a0e3NeYeHHI BHKOHAHHS HOPMATHUBHHUX BHMOT. Y
BignoBizHOCTI 10 [8], BHTpaTH Ha MaTepiaqu MOXYTh csratd 73% BapTocTi
MeTajeBoi KOHCTPYyKLii, TOMY pO3B’S3aHHS Takoi 3ajadli € aKTyaJbHOIO
Ipo0GJIEeMOI0.

1. HoctanoBka 3agaui. [IpobGiema ontumizamii Tomosyorii MpocTOpoBOi
CTEP>KHEBOI CUCTEMH - CKJIaJHA OaraToKpuTepiajibHa 33/1a4a, Ky YMOBHO MOYKHA
TIOIaTH 32 JOTIOMOT 010 (yHKIioHaTiB [1]:

{J,,J,,—Js} — min, (1)
pe J, - iHTerpaibHuil (QyHKUioHan 00’eMmy, J, - JOKaubHUM (hyHKIIOHAI

KOPCTKOCTI, J

- JIoKaNbHUHM QyHKIiOHAN MimHOCTI. DYHKIIOHAT >KOPCTKOCTI
MOB'SI3aHUM 13 3CYBOM BY3JIIB CTEPKHEBOI CHCTEMH, a OTXKE - 1 3 CHEeprieio
cTepkHeBoi cucreMu. [imoTe3a monsrae y TOMy, IIO MiHIMi3alis eHeprii
CHCTEMH BeJle JI0 JKOPCTKOI TeOMETPUYHO HE3MIHHOI KOHCTPYKTHBHOI CXEMH.

3a3Buyail mpoOsieMy ONTHMI3alii TOMOJOrii CTep’KHEBOI CHCTEMH MOXKHA
3aIMCcaTH SIK 33/1a4y OIYKJIOro MporpaMyBaHHs y HalliBBU3Ha4YeHiH (opmi:
minimize y; W

m

Yy <V, v,20,i=1,..,m )
i=1
w F'

< Ev; >0.

T

F 2 2 plp i
i=1 L,'

Tyr W - BepxHS OLIiHKAa BEJIWYMHH €HEprii mpyxHoi aedopmarii crep>kKHEBOI

chucTteMu; v, - 00'eM CTepXHS; F - 30BHIIIHI CHWJIM, NPHUKJIAACHI 10 BY3JIB

1

KOHCTpykuii; E, - momynp IOHra; L, - NOBKUHA CTEpXKHS; p; - CTOBIELb
Matpuni P, sika BXoxuTs y piBHsHHS OanaHcy cun Pf—F =0.

Bapro Bim3HauuTH, M0 y TaKii MOCTAHOBILI 3ajada Ma€ CYTTEBHH HEIOMIK:
HEOOXITHO 3a3[alierilb 3HATH 3HAYCHHS MapaMeTpy V, SKWid TOB'S3aHHAN i3
iHTerpasbHUM (PyHKIiOHAIOM 00'€eMy Ta JIOKAIBHUM (DYHKITIOHAJIOM MIITHOCTI.
[Ipu 3MiHi BenWUYWHHU J TOBOJWTHCS HAHOBO PO3B'sA3yBaTH 3amady (2), mo y
BHIAJKy PO3PaXyHKiB MPOCTOPOBHX CTEP)KHEBHX CHCTEM 3 BEJIHMKOIO KiJIBKICTIO
CKIHUEHHX €JIEMEHTIB IPU3BOANTS JI0 HEBUIPABIAHNX BUTPAT MAIIMHHOTO Yacy.
e BukimMKae HeOOXimHICTH y Moaudikamii 3aad4i (2) 3 THM, 00 a) 3abe3rneunTn
il iHTerpamito 3  IHKEHEPHO-TEXHIYHMMH  KpuTepisimMu; ©O) 3HHM3HTH
PECYPCOMICTKICTh OOYHCIICHB.

2. MomudikoBana HamiBBH3HAYeHAa ONTHMi3amiiiHa 3agadya. YMOBY

m m
ZV,. <V MoXHa 3aMiHUTH OLIBII >KOPCTKOIO YMOBOIO ZV,. =1, Aka 3HaA4YHO
i=1 i=1
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3By)Kye o00nacTh TOIIyKy. Toal onTuMizamiiHa 3ajada MaTeMaTHYHOTO
IporpaMyBaHHSI HA0yBa€ TAKOTO BUTIISLY:
minimize ,, W

2\)[_:1’\}1.20,1':1,...,”’[ (3)
i=1
w Fr
" By, 5|20,
F 27[’5175
i=1 T

3 mo3umii OIyKJIOi ONTHMi3amii L 3aMiHa [UIKOM IIpaBOMipHA, aKe
¢GyHKINI, M0 BXONATH Yy 3amady, 3aJUIIAIOTBCS ONYKIMMH. Po3B's3K0M
onTuMizaniiinoi 3agaui (3) Oyne CHIBBiIHOIIEHHS MK 00'€MaMu CTEp)KHIB
CUCTEMHU V|iV;i...:V,. 3acTocoByroun ymoBu Kapyma-Kyna-Takepa no Takoi
3a1a4i, MO)KHA BUPA3UTH 00'€M CTEPIKHS Y 3aMKHYTOMY BUTJISI:

t,=V-v, =V f*E, i\/Lﬁ.ff/Ej. )

IMomryx mapamerpy V 3IiHCHIOETBCS B iTepamiiHOMY pPEXHMi, BUXOISIYH i3
JIOAATKOBHX 1H)KEHEPHO-TEXHIYHUX KPHUTEPIiB Ta YMOB.

3. AnpokcuMmanisi reOMEeTPHYHUX XAPAKTePHCTHK Mepepidy CTep:KHA.
[Nepmr HiX MepelTH 10 PO3IIALY IHKEHEPHO-TEXHIYHUX KPHUTEpiiB, HEOOXiTHO
PO3B's3aTH 3a/1ady alpOKCUMAallii MOMEHTIB iHepuii mepepizy CTepKHs 110 Horo
wromti. L9 3amavya Mae KIIOYOBE 3HAYEHHS NIPH PO3paxyHKax Ha CTIHKICTb,
30KpeMa, TOoOymIoBa MATpPHUINl JKOPCTKOCTI 3MIACHIOETBCS CaMe Ha OCHOBI
00YHCICHUX 3HAYCHh MOMEHTIB 1HEpIIii.

Jia mpocTHX Tepepi3iB TUIY «KOJO», «KBaJIpaT» BU3HAYCHHS MOMEHTIB
iHepuii - TpuBiaJbHA 3a1adva, 0 PO3B'S3YETHCS 32 JAOMOMOTOI0 J00pe BiIOMHX
(dhopmyi. 3aekHICTH MOMEHTIB 1HEpIIii BiJT TUTOIII IS Pi3HOMAHITHUX CKJIAJTHUX
nepepi3iB He Taka MpoCTa, TaK SK OJHIN IUIOMIMHI Iepepily MoXe BiImmoBinaTu
Garato MOMeHTIB iHepuii. BiamoBiguo no Anamapa, 3a1a4a € KOPEKTHOIO, SIKIIO
BiJITIOBi/1a€ TAKMM yMOBaM:

1. 3agaua Mae po3B's30K.

2. IcHye TiTBKM OJUH PO3B'S30K.

3. Po3B's130k Oe3mepepBHO 3aJICKUTH B yMOB 3a/1a4i.

3amaya BU3HAYCHHS MOMEHTIB iHEpIIii IIOCKOTO Mepepi3y 3a HOro INIONICIO
MOpYIIye SK MIHIMyM Jpyry YMOBY, a OTXe€, € HEKOPEKTHOIO. Po3B's3aHHS
MOAIOHUX - HEKOPEKTHUX - 3aJad MO)KHA 3IIMCHUTH KIJbKOMA IUIIXaMH,
HaIpHKJIIa, 3a JOINOMOIOI0 TaKMX METOJIB MAIIMHHOTO HaBYAHHS SK HEHPOHHI
Mepexi [9]. BukoprucToByeThCs 1 perymspusanisi, sika J03BOJISIE 3aCTOCOBYBATH
JIOAATKOBY  iHGOpMAIilo s pO3B'I3aHHA HEKOpPEeKTHOi 3azavi. [lpwm
anpoKCHUMAallii MOMEHTIB IHEpIlii IUIOCKOro TIepepidy y SKOCTi J0JaTKOBOI
iHpopMaii MO)XHAa BUKOPHCTOBYBATH TaOIMYHI JaHi i3 COpPTaMEHTY.

3 IOy CTATUCTUKU BKpail MaJoiMOBIPHO, 100 MpH pO3B'sI3aHHI OIyKJIIO]
OINTHMI3aniiiHol 3aJa4ui BUXOAMIN TOYHI YUCTIa i3 COPTAMEHTY: 00YMCIIeH] IO
CTEP)KHIB TIPAaKTHYHO 3aBXAW OyayTb nepeOyBaTH B [EIKOMY iHTepBali
(4,,4,,), ne A A;1 A, - ol CTEPKHIB 13 COPTAMEHTY, SKUM BiAOBilaIOTh
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IUTOCKI MOMeHTH iHepuii /; i [;. Buxomsum 3 BUINE3a3HAYCHUX MIipPKyBaHb,
MOXHa BHKOHATH KYyCKOBO-TiHIHHY ampOKCHMAIlif0 MOMEHTIB iHepumii,
IpPUITYCKAIOYM Ha MajoMy iHTepBaii (4;,A4,,) MiHIHHY 3aJ€XHICTb MIX
IUIOCKKM  MOMEHTOM  iHepmii ¥  rmwiometo  mepepizy. Tomi s
A€ (4;, 4,,,) MaTuMeMo:
1:2’“ Z’AH,.—;"“ ZAi=1i+j’“—I"(A—A,.). (%)
i+1 i i+1 i i+1 i
SIkmo oOYMCIIeHHST MTPOBOAMTH IIapajielbHO VIS KUJIBKOX COPTaMEHTIB, TO
TAKOXX MOXKHA BH3HAYUTH W ONTHUMaJbHY I'€OMETPIiI0 Mepepizy 3a HaCTYITHUM
AITOPUTMOM:
Bxin: S=(S1, ..., S,) - Tabmui gopmary (4, 1); A - mioma cTep>KHsL.
Has S;:
3naiitu intepBamu (4,1, 4,), (In, ).
Po3B'szatu piBasAHHEA (5).
SIxuro HOBe 3HAUEHHS / OLUITBIIIE 32 TIOTIEPETHE, TO
3anam'aratu j, L
Kineus /5.
Busin j, .

o
@ '1—— [lpsimokyTHa Tpyba (<]
--%-- KpagpartHa Tpyba /
—©-  PiBHONONOYHUIA KYTOYOK /

25

20

MoMeHT iHepuii, cM*
15
1

10

1

5.7 5.8 59 6.0 6.1 6.2 6.3
Mnowa nepepisy, cm?

Puc. 1. 3anexHicTs MOMEHTIB iHepIii Bij ruTomi

Ha puc. | npoimocTpoBaHo w0 ixero: s wiomi A=6 cu® ONTHMaIbHEM
nepepizoM Oyzne piBHOHONOYHMKA KyTodok. Tomi, BukopucroByroun (5),
OTPUMaEMO MOMEHT iHepIii:

23.1-13.07
I=13.07+"=—"""(6-5.69) =20.14 cr*.
6.13-5.69

4. lonaTtkoBi yMOBH i 00'€M cTep:KHeBOi cuctemMu. Jl07aTKOBI YMOBHU Ta
KpHTepii, Taki SK MIIHICTb Ta CTIHKICTb, 03BOJIIIOTh BU3HAUYMTH KiHIIEBUI 00'eM
Matepiany V, skuii Oyne BHUTpadyeHO Ha BUTOTOBJICHHS KOHCTPYKIIii. YMOBY
MIITHOCTI 3aIHIIeMo Y BiamosigHocTi g0 [10]:



ISSN 2410-2547 109
Omip MatepianiB i Teopist copyx/Strength of Materials and Theory of Structures. 2018. Ne 100

N YR ©)
4,
ge N — cuia, IO Ji€ Ha CTepXKeHb; Y, - KoedilieHT yMOB pobory; Y, -
Koe(illieHT HAAIHHOCTI 32 NpU3HAYCHHSIM; R — pO3paxyHKOBHH OIip MaTepiaiy;
A — 1Ioma NepeTHHy CTEPXKHS.

Poap’sszanns

onTUMi3aliiHol
sanadi (3) TTowarok

V=394
- TlobynoBa joTUUHOL
ATIpoKcHUMaliis
MOMEHTIB H Matpumi K, ama
irepril
ik ob’emy V

|

Jexommosnriis

K, =LDL*

V=V4+6l—Hi —

Kimnenn

Busi o6’emin

Tak .
CTPUKHIB

Puc. 2. Y3aranbHeHH#H alropuT™ pO3B's3aHHS ONTUMI3ALIHOI 3a1a4i.

AJle HOPMHM TPOEKTYBaHHS HE MICTATh TOYHHX pEKOMEHJALH IIoI0
PO3paxyHKIB Ha CTIMKICTh NMPOCTOPOBUX CHCTEM. B IbOMY BHIAAKy IOLIIBHO
BHKOPHCTOBYBAaTH CKIHYEHO-CJIEMEHTHIM MiJXiA, CYTHICTh SIKOTO IIOJSTae y
1moOynoBi JOTHYHOI MaTpumi >kopcTkocti K, 3 HacTymHuMm 11 po3kiiazoM 3a
XonenbKum:

K, =LDL, (7
ne L - HWKHS TpUKyTHa MaTpuus; D - niaroHasbHa MaTpHns. SIKIIO eleMEeHTH
Ha TOJOBHIH miaroHami Matpuri D Oimemmi 0, TO BBaXKAETHCS, MO CHCTEMA
3HAXOIUTHCS y cTaOunbHIM piBHOBa3i. [y BU3HAYEHHS 3arajbHOrO 00'eMy
CTEP>KHEBOI cUCTeMH V IIPOIOHYETHCS AJITOPUTM, SKMH HaBEAECHO Ha pHcC. 2.
Toni 00'eM KOXKHOTO CTEPIKHSA OOUHUCIIIOEThCA K £, =V, - V.

5. Npuxaang ontumizanii TomoJiorii cTpykrypHoi mimtu. PosrisiHemo
0a30By ITPOCTOPOBY CTPYKTYPY 9 M X 8§ M X 2 M, HaBe/IeHy Ha puc. 3.
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CTOCOBHO Takoi CTPYKTYpW pO3B'SDKEeMO 3azady (3) Ui IBOX BHITAIKIiB:
1) Hepyxomi oropu y KyTax CTpykTypi (By3mu 1, 4, 17, 20); 2) HepyxoMmi omopu
yBy3nax 1, 4,9, 12, 17, 20. [ToBepxHeBe HaBaHTa)XEHHS HAa CTPYKTYPY JAOPiBHIOE
10 kH/ar*.

Y-Z
40
36 o
32 g 39
28 1 ‘16 35
24 o 31 »19 38
8 o7 15
34
% 4 -1
SN /R 23 30 18
\v\vm \\\q\\ 7 37
NSNS, ¢ J K 14
s“%’s&\i@ Y h 3 o 26 +10 83
PYANPSRIANPO) e
NRIAIRBIIEANS 2 9 B4

IRXEALP
2. %
Zan.d

X-Z

Puc. 3. ba3oBa cTpykTypa - IpoeKuii, By3iu, HOBHHH rpad

Po3B'si3anns 3amayqi (3) Bene BiAMOBITHO A0 ABOX BapiaHTIB KOHCTPYKTUBHOI
cxemu (puc.4). bykBamMm BKa3aHi BHW3HA4€HI 3a HaBEeACHMM Yy 3 po3xim
anroputMoM riepepizu: H - nBoraBp, CTUBE - 1pyba, HREC - npsimokyTtHa
TpyOoa. Ha puc.5 300pakeHi KOHCTPYKTHMBHI CXEMH 3 ONOpaMH Ta
HaBaHTa)KEHHSAMH, IO NPUKIAIEHI 10 BY3JiB cHCTeM. BapTo Bin3HauuTH, 1o
He3HayHa 3MiHa y PO3TalllyBaHHI OMOp Mae€ HACHIJKOM KapJWHAJIBHI 3MIiHH y
TOIOJOri Ta HmapaMeTpiB CTEpXKHIB, IO BifOOpa’ka€ 3HAYHY YYTIHMBICTH O
MIOYaTKOBHUX YMOB.

Puc. 4. Po3B's30k 3aaayi (3) 11 IBOX BapiaHTIB pO3TallyBaHHS OIOP.
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Puc. 5. Mozeni pocTOPOBHX CTPYKTYP 3 HABaHTAXKSHHIMHU

3arampHa Maca KOHCTPYKIIH 3a mepImmuM BapiaHTOM (OIOpH 1o 4-X KyTax)
cknagae 674 xe. Y apyroMmy BapiaHTi PO3MIIIEHHS OHOp Maca KOHCTPYKIIH
nopiBHIOE 544 ke. e miaTBepmKye inero, HaBeneHy y [11], mo mpu po3mimnieHH1
OIOp TUIBKM IO KyTaxX CTPYKTYPHOI IUIMTH 3HA4YHO 301JBIIYIOTHCS BUTpaTH
MeTay.

BucnoBku. Hasenena MomudikoBana ¢opMa HamiBBH3HA4YEeHOI 3ajadi
onTHMi3amii  TOMONOrii  CTEp)KHEBOI  CHCTEMH  JI03BOJSIE  IHTErpyBaTu
ONTHMi3aniiiHy 3axady 3 0a30BUMH IHXKCHEPHHMH KPHUTEpisSIMH Ta JoNoMarae
YHUKHYTH 3aiBHX OOYHCIEHb NpH pO3B'SI3yBaHHI CKJIAJHHAX IPOCTOPOBUX
chcTeM. 3ampollOHOBaHa Yy3arajJbHEHa CXeMa pO3B'S3aHHA ONTHUMI3aliifHOl
3ama4di 00'€Hye MaTeMaTWYHUHA Ta IHKEHEPHUH MiJXOAM IO ONTHMAalIbHOTO
MIPOEKTYBAHHS MPOCTOPOBHUX CTEP)KHEBUX CHCTEM.
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Egorov E.A., Kucherenko A.E.
NONLINEAR TOPOLOGY OPTIMIZATION OF SPACE TRUSS-LIKE STRUCTURES

The paper considers the problem of topology optimization of space truss-like structures. The
proposed algorithm combines convex optimization problem with non-convex conditions. The
purpose of the algorithm is to minimize the mass of the space structure according to such non-convex
conditions as structural safety requirement and buckling.

In general the problem can be specified as multicriteria optimization task as follows:

{J,,J,—J 5} — min,

where J, is a functional of volume, J, is a functional of stiffness, J, is a functional of strength. The
stiffness functional can be defined by the means of nodes displacements and the energy of the
system. The hypothesis is that that truss compliance minimization leads to the invariable structure

topology. Here we use the modified semidefinite optimization problem (SDP) which can be written
as follows:

minimize , W
v

m
2";:1» v, 20, i=1,..,m
i=1

T

w F

F i E"zv" ol |77

=1 Ly

Solution of the semidefinite optimization problem defines the relation between the beams volumes

additional conditions.
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The next important step is approximation of geometric characteristics of the cross-section. We
need area moments of inertia to assemble stiffness matrix of the structure. This matrix plays a key
role in defining of buckling conditions. For simple cross-sections such as "solid circular", "square"
calculation of moments of inertia is a trivial problem solved via well-known formulas. For complex
cross-sections the dependence of moments of inertia on area is not so simple and may be considered
as an ill-posed problem. According to Hadamard, the problem is well-posed if it meets the following
requirements: a) the problem has a solution; b) there is only one solution; ¢) the solution continuously
depends on the initial conditions. Solving of ill-posed problems can be done with machine learning
techniques (e.g., neural networks). Also we can use regularization to get the most probable solution.
In case of approximation of moment of inertia we can use additional information from assortment
tables of beams. The calculated area of the beam will almost always be in a certain interval (4;, 4;11),
where 4; and 4;;, are the areas from the assortment table of beams with corresponded moments of
inertia I; and /;;;. Assuming a linear relationship in a narrow interval, it is possible to perform a
piecewise linear approximation of moments of inertia. Thus, we have:

PR/l A+1, - fin = 4, =1, +M(A— 4).
A =4 A =4 A — 4,
Using several tables it is possible to obtain optimal cross-section geometry with the following
algorithm:
Input: S=(S|, ..., Sy) - table of (4, I); 4 - area of the beam
For §S;:

Find interval (41, 45), (I1, 1)

Approximate moments of inertia Iney

If Liew > Ioia Then Save j, L
EndFor
Output j, /

Additional conditions and criteria such as buckling allow us to determine the total volume of
material V that we need for the structure. The condition of structural safety requirement can be
written in a standard form as follows:

R
N Y2
A Y.,

The next step is to define tangent stiffness matrix K; of the structure using approximated
moments of inertia. This matrix can be decomposed as follows:

T
K. =LDL,

where L is a lower unit triangular (unitriangular) matrix and D is a diagonal matrix. If the entries on

the main diagonal of matrix D are greater than zero then the structure is stable. To determine the total

volume ¥ we propose the algorithm:

Solve SDP G
V=325

Moment of inertia

K, assembling for v

approxaimation

(Cena )

[

S v -’ EPE—

The volume of any beam can be calculated as t;=v; V.

For illustration we applied the algorithm for optimization of space truss topology. We used a
ground structure with dimensions 9 m * 8 m * 2 m with 40 key points. We explored two cases:
1) with 4 hinged supports; 2) with 6 hinged supports. Solving of semidefinite optimization problem
leads to the cases with masses 674 kg and 544 kg respectively. This reflects significant sensitivity to
initial conditions.

Keywords: topology, optimization, truss, structural plate, moment of inertia, piecewise linear
approximation, buckling.
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Ezopos E.A., Kyuepenko A.E.
HEJMHENHAS ONITUMU3ALAS TOMTOJOT MM ITPOCTPAHCTBEHHBIX
CTEPKHEBBIX CUCTEM

PaccmarpuBaercs 3aiada ONTHMH3AIUH TOIOJIOTHU IPOCTPAHCTBEHHON CTEPXKHEBOH CHCTEMEL
ITpuBenena MoxupUIMPOBaHHAS HOIYOIPEAEIeHHAs 3aja9a MaTEMaTHIECKOr0 IPOr PAMMUPOBAHUS,
KOTOpast IOMONHEHa JOMOIHUTEIbHBIMH HH)KEHEPHO-TEXHHIECKUMU KPHTEPUSIMH, IPEBIBIIEMBIMU
K KOHCTPYKIMH HOpPMaMH IIPOEKTHpOBaHUA. [IpemnioxeH alropuTM KyCOYHO-JIHHEHHOU
aNIMpPOKCUMAIIHH, TT03BOJLIIOIMII Ha OCHOBE ILIOIANN CEUECHHsS CTePIKHS OIpENessiTh HeOOXOAUMbIE
JUISL pacdeTa TeOMEeTPHIECKHE XapaKTePHUCTHKU; IPHBECH aITOPUTM OIpeJieleHus (hOpMBI CedeHHs
crepkHsa. Ilpenmaraercs o00oOIeHHas cxeMa peIICHHsS 3aJaddl ONTHMH3alUH  TOIIOIOTHH
CTeP)KHEBOH CHCTEMBI, IPUBOSTCS IIPHMEpPH! PEIIeHNs ONTHMU3ANMOHHOM 3a1a9ul UL CTPYKTYPHOU
ILTHTEL.

KiioueBble c€10Ba: TONOIOrHsS, ONTHMH3AIMs, CTEPXKHEBas CHCTEMa, CTPYKTypHas ILIMTa,
MOMEHT HHEpIUH, KYCOYHO-IIHHEeIHast allPOKCUMANHs, YCTOHIHBOCTb.
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cTep:kHeBUX cucTeM // Omip MarepianmiB i Teopis cmopyd: Hayk.-Tex. 30ipH. — K.:
KHVYBA, 2018. — Bum. 100. — C. 105-114.

Po3zenadacmoca 3a0aua onmumizayii mononozii npocmoposux cmepiucHegux Cucmem,
AKA HABOOUMbCA Y PopMi 3a0adi mMamemMamuyno20 NPOSPAMYSAHHA mMa OONOBHEHd
000amMKOBUMU YMOBAMU.
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The space truss-like structure topology optimization task is considered as a task of
mathematical programming which has been supplemented by additional conditions.
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