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2024.

Jluceprairist mpucBsi9eHa po3poOIll Ta BUTOTOBICHHIO METaJIeBOT KOHCTPYKITii
neperBoproBaHoro 06’emy (KIIO) kocMiyHOTO MpU3HAYEHHSI 3 KOHIYHMX CEKIIIH,
MEXaHIYH1 XapaKTePUCTUKHU SIKOT MOKJIMBO IIPOTHO3YBATH Ha €Tami il CTBOPEHHS 3
ypaxyBaHHSIM BIUIMBY (DAKTOPIB arpECUBHOTO CEPENOBUILA B yMOBaX €KCILTyaTallli.
BukoHaHO BHU3HAa4Y€HHS KOHCTPYKTHMBHOI CXEMH, sIKa BIJIOBIJAE HaMKpamioMmy
NOE€JHAHHIO MacOBO-Ta0APUTHUX XapaKTEPUCTUK, BHCOKOI KOMIIAKTHOCTI Ta
CTIMKOCTI TIJ MJI€I0 EKCIUTyaTallliHUX HaBaHTaXEHb Ta (PAKTOPIiB KOCMIYHOTIO
npocTopy. BuszHaueHO onTuManbHI CHIBBIJHOLIEHHS T€OMETPUYHMX I1apaMeETpiB
koHiuHMX cekuir KT1O, Bkitoyaroun iX TOBIIMHY 1 TapaMeTpH KiIbIEBUX CKIAOK,
IO YTBOPIOIOTHCS TPU KOMIIAKTHOMY TIE€PETBOPEHHI, MpPH SKUX OOOJIOHKA
KOHCTPYKIIii 00paHOro MaTepialy Ma€ HalOIbITY CTIHKICTD MMiJT J1€I0 XapaKTEPHUX
(pernamMeHTOBaHMX) 30BHIIIHIX HaBaHTaKeHb. [IpoBeneHO MOPIBHSAIBHUN aHAII3
CKIHUEHO-CJIEMEHTHUX MOJIeNIed PO3KPUTTS CyluibHO3BapHUX cekimiii KIIO 3
PIBHOIO BHXIJTHOIO T€OMETPIEI0 Ta TOBUIMHOIO MPH PI3HINA KUIBKOCTI CKIIAJIOK Ta
Pi3HIM KOMIAKTHOCTI, 10 B CYKYIHOCTI 3 BEpU(IKALIED OTPUMAHUX PE3YJIbTATIB
[IUIIXOM HATYPHOTO €KCIIEPUMEHTY JO3BOJIMJIO OTPUMATH 00’€KTHBHI JaHi II0JI0
JOKaNbHOI ~ BTpPATH  CTIMKOCTI TOHKUX  TMEPETBOPIOBAHMX  OOOJIOHOK B
HecTarioHapHoMy ctaHi. [lokazano, 1110 3a0€3MeUeHHsI CTaJoro MPOIIECY POSKPUTTS
31 30€pEeKECHHSIM PETYJISIPHOCTI PyXOMOi MOBEPXHI OOOJOHKH MOXKJIMBO 32 YMOB
JOTPUMAaHHS BIAMOBITHOCTI KPOKY ii KUIBIEBOI 3TOPTKHU 10 Jiama3oHy y 26...29

TOBIIMH METaTy OOOJOHKH.



JIOCHPKEHO BIUIUB alTOPUTMIB MIKPOILJIa3MOBOTO 3BAapIOBaHHS Ta iX
napaMeTpiB Ha KiHueBi MexaHiuHi BractuBocTi KIIO, a Takox BiampanpoBaHO Ta
CUCTEMATHU30BaHO PEXHUMH 3BapIOBAHHS €KCTPEMAJIBHO 1e(OPMOBAHUX 3’ €IHAHb
neperBoproBanux cekuid KI1O 3 BucokoneroBanoi aycTeHITHOI cTaii (OJIbroBOro
KJIaCcy TOBIIMH. 3alpolOHOBAaHO METOAMKHM KUIBKICHOI OLIHKM HPeUu31MHUX
napaMeTpiB 3BaprOBaHHS y MOBTOPIOBAHUX LMKIAX CKIAJaHHS CYLIJIbHO3BapHOI
KTIO nepioguunoro mpodinro. [IpogeMoHCTpOBaHO MOXKIHUBICTH Ta €PEKTUBHICTh
NOTOYHOT'O KOPUT'YBAHHS MAapaMeTpiB 3BapIOBAJILHOTO MPOIECY 3a pe3ylbTaTaMu
eKCIIPEC-OI[IHKK CTPYKTYPHO-()a30BOro CTaHy 3BapHOrO 3’ €HAHHA METOJaMU
HEPYWHIBHOTO KOHTPOJIIO.

PeanizoBaHO  METOAMKY MPOTHO3YBAHHS  JKOPCTKICHMX  IapaMeTpiB
Oararocekuiitnoi KIIO  goBxkuHOO 3 MeTpU LUISIXOM  PO3PaxXyHKOBO-
eKCIEPUMEHTAIbHOIO MOJAJbHOIO aHali3y JOBTOMIpPHOiI OOOJIOHKM B CTaHl
PO3KPUTTS 13 BUX1IHUMU JAHUMHU, IONEPEAHBO OTPUMAHUMK METOI0M YHCETBHOTO
aHanizy. BUKOHaHO MOJETIOBaHHSI TOYHHUX T€OMETPUYHUX MapaMeTpPiB PO3KPUTOI
KIIO micns 3HATTS BHYTPIIIHBOIO THUCKY (OPMONEPETBOPEHHS MAJsi YCYHEHHS
BIPOT1IHOCTI BHHUKHEHHS PE30HAHCHUX YacCTOT KOJMBAHb B EKCIUIyaTalliHUX

YMOBAX.

00'exTOM I0C/IIKEHb € CAMOHECHI KOHCTPYKIIIT IEPETBOPIOBAHOTO 00’ €My

KOCMIYHOTO IPU3HAYEHHS

IIpeamer pgociaigkeHb — TEXHOJIOTIYHI MPOIECH BUTOTOBJIEHHS 1
JOCITIKEHHST €KCIUTyaTalliifHuX BJIACTUBOCTEN JOBTOMIPHOI 3BapHOi KOHCTPYKIIIT

NEPETBOPIOBAHOTO 00’ EMY.

MeTa po0OTH: CTBOPCHHS JIOBIrOMIPHOI KOHCTPYKIII IEPETBOPIOBAHOTO
00’eMy 13 3a0e3MEeuUeHHSM 33J]aHUX TEOMETPUYHUX TapameTpiB, BaKyyMHOI
HIUTHBHOCTI TICIS MPOXOHKEHHS eopMaIliiHuX MUKJIIB Ta HECY4Oi 3JaTHOCTI IiJT

ni€r0 GakTOpiB KOCMIYHOTO MPOCTOPY.



Inest nocnimxeHpb Nojsrae y BU3BHaUY€HH1 B3a€EMO3B’SI3KY MK T€OMETPHUUYHUMU
napaMmerpamMu 1 KoediuientoM Tpancdopmanii gosromipaoi KIIO 3 HecHOMO

3JIATHICTIO 1 HEOOX1THOIO YaCTOTOXO 11 BJJACHUX KOJIMBAHb.

OTpuMaHHSI CAMOHECHUX BJIACTUBOCTEH PO3KPUBHUX KOHCTPYKIIIM € METOI0
MEepPeBaXHOI  OUTBIIOCTI  BIAOMHX TMPOEKTIB, 3a BHUHATKOM BHUIIAJKIB iX
TEXHOJIOTIYHOTO 3aCTOCYBAHHS VY SKOCTI TIOBEPXOHb BIIOUTTS 1 T.IH. Y
JOCITIKYBaHOMY KJIacl KOHCTPYKIIIM KOPCTKICTh Y poOOUYOMY CTaHI HE BHUMarae
3aCTOCYBaHHS JIOJaTKOBHUX TEXHOJIOTIM 7S ii ofep:KaHHS Ta MIATPUMAHHSI, ajie
3aJIEKUTh B1Jl CTYIIEHIO PO3KPUTTS Ta 30UIBIIYETHCA 13 HOTO 3pOCTAHHSM. 3 1HILIOTO
OOKy, akKTyaJbHOIO Ta OCTaTOYHO HE BHPIMIEHOK MPOOJIEMOI0 B CyYacHIi
ACpPOKOCMIUHIA TEXHUIIl € TOYHICTh BIATBOPEHHS TE€OMETPUYHHMX IapaMeTpiB
PO3KPUBHUX KOHCTPYKIIIH 000710HKOBOTO THIY. OTXE, B pOOOTI JOCIIIKYETHCS SIK
CIOJIyYEHHSI IOCTaTHIX CTYNEHIO TpaHC(POpMallii Ta BIAMOBIIHOT HOMY KOPCTKOCTI,
TaKk 1 BIUIMB MPYXKHO-TUIACTUYHUX BJIACTHUBOCTEH MaTepialliB OOOJIOHKA Ha
NPEeU31HICTh 11 MEepEeTBOPEHHS Ha MEX1 3aCTOCYBaHHS 30BHIIIHBOTO JDKepera
€HEprii Il 1HIIFOBaHHS PO3KPUTTSL.

HaykoBa HoOBHM3Ha pOOOTH TMOJSTa€E y CYKYIHOCTI KOHCTPYKTHBHO-
TEXHOJIOTIYHUX pIII€Hb, HANpaBIECHUX HA CTBOPEHHS JOBIOMIPHOI 3BapHOI
KOHCTPYKIli meperBoptoBanoro o6’emy (KIIO) kocMiuHOTO mpU3HAYEHHSA, Y
pO3pOOICHNX TEXHOJOTISIX 3BaproBaHHsS, (OPMOTBOpeHHS Ta Bepudikarii
CKMEePUMEHTAJIbHIMH OIIIHKAMH PE3yJbTaTiB MaTeMaTUYHOTO MOJIEITIOBAHHS
HaIpy>KeHO-1ePOPMOBAaHMUX CTaHIB 1 dYacToT BiacHux konuBanb KIIO, mo
3a0e3MeuytoTh ii HEOOXIJHY HECydy 37aTHICTh 1 MacOBO-TabApUTHI MapameTpH,
BHUCOKY MILHICTh 1 BAKYYMHY HIUIBHICTh 3BapHUX 3’ €HAHb.

Po6orta cdokycoBana Ha po3poOill aarOpUTMy BIATBOPEHHS CIOJYYCHHS
re€OMETPUYHUX Ta MEXaHIYHHUX BIIACTUBOCTEH PO3KPUBHOI KOHCTPYKIIi y poOouoMy
CTaHi, a TaKOXK POTHO3yBaHH1 AePEKTOYTBOPEHHS EKCTPEMaIIbHO Je(POopMOBaHUX
3BapHUX 3'€IHaHb (POJIBIFOBUX METAJEBUX MaTepiaiiB Oe3rmocepeaHbo y MpoIect
3BaplOBaHHA, 110 3a0e3rnedye iX BaKyyMHY UIUIBHICTh Micis JedopManiiHux

UKIIiB. JlocTaTHS >KOPCTKICTh MEPETBOPIOBAHOI OOOJOHKM KOHCTPYKITT MicCIs



PO3KPUTTS BH3HAYAE CAMOHECHY 3/IaTHICTh, sika € il 0a30BOI0 (hyHKIIIOHATHEHOIO
BiactuBicTio. OnHaK, OyJb-sKi 3 BIIOMUX METOMAIB OTPHUMAaHHS KIHIEBOI HECHOT
CIIPOMO’KHOCT1 TOPOJ/KYIOTh HEBHU3HAYEHICTh Y CHIBBIJHOIICHHI OPCTKOCTI
00O0JIOHKHU Ta i TOUHHUX T€OMETPUYHUX MapaMeTpiB, TPUHILIUIIOBO BAXJIMBHUX IS
KOCMIYHOTO amnapatoOyayBaHHs. KpiM Toro, cCTBOpEeHHsS pPO3KPHUBHOI OOOJIOHKH
BUMAarae IPOTHO3YBAaHHS peakili i KPUTUYHUX €JIEMEHTIB Ha 30BHIIIHI Ta
TEXHOJOTI4HI (paKTOpH, BIATBOPEHHS SIKUX B EKCIUTyaTalliiHUX yMOBaX BKpaii
YCKJIaAHEHO a00 HEMOKJIMBO. HalO1mbpI XapakTepHUM MPUKIIAI0OM € BIATBOPEHHS
3aJJaHUX BIACTHBOCTEH HEPO3’€MHHMX 3 €/IHaHb, IO 3a3HAIOTh EKCTPEMATbHHUX
nedopMyBaHb SIK CKJIa10Ba PO3KPUBHOI 000JIOHKH.

HpaKTH‘lHe SHAYCHHHA OTPUMaAHHUX pCSyHLTaTiB.

TeopeTrnyHi Ta eKCIEpUMEHTANIbHI JTOCHIIKEHHS, SIKI OyJIM BUKOHAHI B X0/l
po0OOTH, MOXKYTh OyTH 3aCTOCOBaHI IIPU CTBOPEHH1 BEJIOKOTa0aPUTHUX CAMOHECHUX
000JIOHOK MEPETBOPIOBAHOTO 00’ €My, sIKI MOKHA Oy/i€ BUKOPHUCTATU Y IIHPOKOMY
CHEKTpl 3a/lad MO CTBOPEHHIO BUCYBHUX Ta MOJYJBHHX KOHCTPYKLIH y cdepi
KOCMIYHOTO amnapaTtoOynyBaHHs. Po3poOiroBaHa KOHCTPYKIIST Ma€ BU3HAYEHE
IOpaKTUYHE 3acTOCYBaHHS Ta IMpU3HAuY€Ha JUIs ampobalii B peajbHHUX
eKCILTyaTalllifHUX YMOBaX.

[Ipu BuUKOHAaHHI POOOTH PO3POOIEHO METOAMKY TOYHOIO IMPOTHO3YBAHHS
CHOJYYEHHS T€OMETPUYHUX Ta MEXaHIYHUX BIACTHUBOCTEH IEPETBOPIOBAHOI
KOHCTPYKIi MiCJIE TOBHOTO PO3KPUTTS y poOOYOMY CTaHi, a TaKOX MpaKTUYHI
peKoMeHaIi M0 BUKOHAHHIO PIBHOMIIHUX 3BapHUX 3’€JHAHb OOOJIOHOK, IO
30epiratoTh T€PMETUYHICTh MPHU EKCTPEMAIbHOMY Je(popMyBaHHI Ta MOAAJBIIINA

eKCIUTyaTarlii B yMOBaX arpeCUBHOTO CEPEIOBUIIA KOCMIYHOTO ITPOCTOPY.

Pesynbrat TEOpETUYHUX Ta EKCHEPUMEHTAIBHUX JOCIHIKEHb, SKI Oyiu
OTpUMaHi B MPOIIECi BUKOHAHHS pOOOTH, MOXKYTh OYTH 3aCTOCOBaHI MPU CTBOPEHHI
CaMOHECHHUX 00OJIOHOK MEPETBOPIOBAHOIO 00’ €My, K1 OYIyTh BUKOPHUCTOBYBATUCH
y KOocMiYHOMY amnaparoOymyBaHHi, 30kpeMa y npoektax JIKb «IliBnenne im M.K.

Sarensy



Y nepumioMy po3aiji po3risSHYTO 3aCTOCYBaHHS TEXHOJOTIM KOMITAKTHOTO
dbopMoniepeTBOPEHHS MPOCTOPOBUX KOHCTPYKIIIH B CydacH1d CBITOBIN MPaKTHII Ta
HaBEJICHO KJacu(DiKallil0 Cy4YaCHUX MEPETBOPIOBAHUX KOHCTPYKIIIM Ta CAMOHECHHUX
KOHCTPYKIIiH OOOJIOHKOBOTO Ta, 30KpEMa, CTPHMIKHEBOTO THITY. 3a3HAYCHO Ta
MIPOAHAII30BaHO METOAM 3abe3nedeHHs: 0a30BUX (PYHKIIOHAIBHUX BIACTUBOCTEH
NEePETBOPIOBAHUX KOHCTPYKIIIM Ta OKpecleHo 3ajadi JaociikeHb. Ha ocHOBI
IIMPOKOTO  OTJISIAY  JIITepaTypHUX JDKEpel Ta MOJajbIIOro  MOPIBHSHHS
BJIACTUBOCTEHN MaTepiajiB METAIIUYHOIO Ta CHHTETUYHOIO TTOXO/’KEHHSI ITPOBEICHO
aHaJli3 MPUHHATHOCTI 1X BUKOPHCTAHHS 32 YMOB 3a0€3IMEYCHHS >KOPCTKICHHX Ta
MILIHICHUX BJIACTUBOCTEN CAMOHECHUX KOHCTPYKIINA PI3HOTO MPU3HAYEHHS.

Y apyromy po3miii po3risSHYTO METOJOJIOTIYHI acHeKTH CTBOPEHHS
MeTajaeBOi 000JIOHKOBOI JOBFOMIPHO1 NEPETBOPIOBAHOT KOHCTPYKIIIT IEPIOJUYHOTO
npo¢ 0. BUKOHAHO yncenbHE MOJAEIIOBAHHS HANpy>KEHO-1e(hOPMOBAHUX CTaHIB
0o0paHOro MUISIXOM TOCIIOBHOI ONTUMI3AIli 00 €KTY TOCHIJKEHHS, MPOBEICHO
aHaii3 MOro XapaKTEepUCTUK >KOPCTKOCTI Ta BU3HAYEHO pAal[lOHAIbHI MUISXH
NOKpAILEHHs] MacoBO-TrabapUTHUX BjiacTuBocTed. HaBegeHo OCHOBHI Ta
aIbTEPHATUBHI  CIIOCOOM  YTBOPEHHS HEPO3’€MHUX 3 €AHAHb MaTepialliB
aepPOKOCMIYHOTO MPU3HAYECHHs. BUKOHAHO aHali3 BIUIMBY KJIIOYOBUX MapameTpiB
MPOILIECY IMITYJILCHOTO MIKPOIIJIa3MOBOTO 3BAPIOBAHHS HA CTPYKTYPHI OCOOIUBOCTI
mBa J0 Ta Micas eKkcTpemanbHoro naedopmyBanHa. HaBemeHo pesynbratu
BU3HAUEHUX Ta MIATBEPKECHUX EKCIIEPUMEHTAILHUM IUIIXOM ONTUMAJIbHUX YMOB
dbopMyBaHHS HEPO3’EMHUX 3’ €JJHAHHb TOHKUX MEPETBOPIOBAHUX 000JOHOK 31 CTal
ayCTEHITHOIO KJacy, CHOJIy4deHHS (I3MKO-MEXaHIYHMX BIACTUBOCTEH Ta
CTPYKTYPHHX OCOOJIMBOCTEH SIKUX MAaKCHUMaJbHO HAOIMXKCHO J0 aHAJIOTIYHUX
BJIACTUBOCTEH OCHOBHOro Metany. OOrpyHTOBAaHO TEXHOJOTIYHI YMOBHU
3a0e3neyeHHs] HEOOXIAHMX BIACTHUBOCTEH 3’€HAHHS 3 YypaxyBaHHSM YMOB
eKCIUTyaTallll Ta BUTOTOBJIEHHS. J{OCHI)KEHO BIUIMB 3BapHUX 3’€HaHb Ha MPOIIEC
PO3KPUTTA Ta IPOCTOPOBY KOPCTKICTh PO3KPUTOT KOHCTPYKIIII.

Tpertiit  po3min npucBsyeHuii  po3poOIll  TEXHOJOTII  3BaprOBAHHS

cTpykrypHux eneMeHTiB KIIO Ta nocmipKeHHIO KIHETUKH MPOLECY PO3KPUTTS



JIOBrOMIpHOI KOHCTPYKLii. BukoHaHO BUOIp NPUIHATHUX METO[iB KOHTPOJIIO SIKOCT1
HEPO3 €MHUX 3’€HAHb 3 YpPaxyBaHHSIM iX TEOMETPUYHHX Ta CTPYKTYPHHX
ocobnuBocTel. [IpoBeneHo aHami3 3aJ0BLILHUX CIIOIY4YeHb (PiI3MKO-MEXaHIYHUX
BJIACTMBOCTEH METaJeBUX MaTepiamiB A 3a0e3nedeHHsT He00XiTHOT dKOPCTKOCTI Ta
CTIMKOCT1 TEPETBOPIOBAHOI KOHCTPYKIIi B yMoOBax il (akTopiB KOCMIYHOTO
cepeloBuIia. 3poOJEHO 3arajibHi BHCHOBKM 3a pe3yjibTaTaMu JIOCIIIKECHb
CTIOJMYYEHHS JIOCTAaTHIX CTYMHEHIO TpaHchopMallli Ta IMKOPCTKOCTI 00’ €KTy
JTOCITIIKEHHS.

Kuro4oBi ci1ioBa: po3kprBHI KOHCTPYKIIi1, HAJyBHI KOHCTPYKIIIii, pO3KpUBHI
00OJIOHKH, CaMOHECHI OOOJIOHKH, CKJIagHI OOOJOHKM 3BapIOBaHHS, 3BapHI
3’€IHaHHA, MIIHICTh, MaTEMaTUUHE MOJEIIOBaHHS, MIKPOIJIa3MOBE 3BapIOBAHHH,

TOHKI M€TaJieBl 000JIOHKH, IMITYJIbCHE 3BapIOBaHHS, MIKPOCTPYKTYpa 3'€IHAHbD.
ABSTRACT

Borovik, Y.V. Development and Investigation of a Longitudinal Welded
Structure of Transformable VVolume for Space Apparatus Construction, Methods for

its Strength and Stability Calculations.

A dissertation submitted for the degree of Candidate of Technical Sciences
(Ph.D.) in the specialty of "Welding and Related Processes and Technologies" - E.O.
Paton Electric Welding Institute of the National Academy of Sciences of Ukraine,
Kyiv, 2024.

The dissertation is devoted to the development and fabrication of a metallic
transformable-volume structure (TVS) for space applications, consisting of conical
sections, with mechanical characteristics that can be predicted at the stage of its
creation, taking into account the aggressive operating environment. The
determination of the structural scheme, which corresponds to the best combination
of dimensional characteristics, high compactness, and stability under the influence
of operational loads and space factors, has been carried out. Optimal ratios of
geometric parameters of the conical sections of the TVS, including their thickness

and parameters of circular folds formed during compact transformation, have been



determined, ensuring the highest stability of the selected material shell under
external loads. A comparison of finite element models of welded section unfolding
with the same initial geometry and thickness but with different numbers of folds and

compactness has been conducted.

The influence of microplasma welding and its characteristics on the final
mechanical properties of the TVS, as well as the developed welding regimes for
sections of the TVS made of stainless steel with a thickness of 0.3 mm, has been
investigated. The TVS requires precise assembly conditions before welding, and
only under these conditions is it possible to approximate the necessary mechanical
characteristics of the weld to those of the base metal. The optimal parameter of the
natural frequency of the 3-meter-long TVS, determined by modal analysis, has been
confirmed to ensure the physical and mechanical characteristics that prevent
resonance frequency vibrations during operation, thereby maintaining the useful

load.

The object of research - is self-supporting structures of a transformable
space destination

The subject of research - is the technological processes of manufacturing
and the study of the operational properties of a long-dimensional welded structure
of a transformed volume.

The purpose of the work: creation of a long-term design of the transformed
volume with provision of the specified geometric parameters, vacuum density after
passing through deformation cycles and load-bearing capacity under the influence
of space factors.

The scientific novelty of the work consists in a set of constructive and
technological solutions aimed at creating a long-dimensional welded structure of a
transformable volume (TVS) for space purposes, in the developed technologies of
welding, forming and verification by experimental evaluations of the results of

mathematical modeling of stress-strain states and frequencies of natural oscillations



of the TVS, which provide its necessary bearing capacity and mass-dimensional
parameters, high strength and vacuum density of welded joints.

The work is focused on the development of an algorithm for reproducing the
combination of geometric and mechanical properties of the opening structure in
working condition, as well as predicting the defect formation of extremely deformed
welded joints of foil metal materials directly during the welding process, which
ensures their vacuum density after deformation cycles. Sufficient rigidity of the
transformed shell of the structure after opening determines the self-supporting
capacity, which is its basic functional property. However, any of the known methods
of obtaining the final load-bearing capacity generate uncertainty in the ratio of the
stiffness of the shell and its exact geometric parameters, which are fundamentally
important for space apparatus construction. In addition, the creation of an opening
shell requires forecasting the reaction of its critical elements to external and
technological factors, the reproduction of which in operational conditions is
extremely difficult or impossible. The most characteristic example is the
reproduction of the specified properties of non-separable joints that undergo extreme
deformations as a component of an expansion shell.

Practical significance of the obtained results.

The theoretical and experimental studies that were carried out during the
work can be applied in the creation of bicycle-sized self-supporting shells of
convertible volume, which can be used in a wide range of tasks for the creation of
retractable and modular structures in the field of space apparatus construction. The
developed design has a specific practical application and is intended for testing in
real operating conditions.

In the course of the work, a methodology was developed for accurately
predicting the combination of geometric and mechanical properties of the
transformed structure after full opening in working condition, as well as practical
recommendations for the execution of equal-strength welded joints of shells that
maintain tightness during extreme deformation and further operation in the

aggressive environment of outer space.



The results of theoretical and experimental studies, which were obtained in
the course of the work, can be applied in the creation of self-supporting shells of
the transformed volume, which will be used in space apparatus construction, in
particular in the projects of the Yuzhnoye State Design Office

In the first chapter, the application of technologies of compact
transformation of spatial structures in modern world practice is considered and the
classification of modern transformable structures and self-supporting structures of
shell and, in particular, rod type is given. The methods of ensuring the basic
functional properties of the transformed structures are indicated and analyzed, and
the research tasks are outlined. On the basis of a wide review of literary sources
and a further comparison of the properties of materials of metallic and synthetic
origin, an analysis of the acceptability of their use under the conditions of ensuring
the stiffness and strength properties of self-supporting structures of various
purposes was carried out.

In the second chapter, the methodological aspects of creating a metal shell
long-dimensional transformable structure of a periodic profile are considered.
Numerical modeling of the stress-strain states of the research object selected
through successive optimization was performed, its stiffness characteristics were
analyzed, and rational ways of improving the mass-dimensional properties were
determined. The main and alternative methods of forming inseparable connections
of aerospace materials are presented. An analysis of the impact of the key
parameters of the pulsed microplasma welding process on the structural features of
the seam before and after extreme deformation was performed. The results of the
determined and experimentally confirmed optimal conditions for the formation of
integral connections of thin transformable shells made of austenitic steel, the
combination of physical and mechanical properties and structural features of which
are as close as possible to similar properties of the base metal, are presented. The
technological conditions for ensuring the necessary properties of the connection,

taking into account the operating and manufacturing conditions, are substantiated.



The influence of welded joints on the opening process and spatial stiffness of the
opened structure was studied.

The third chapter is devoted to the development of the technology of
welding structural elements of TVS and to the study of the kinetics of the process
of opening a long-dimensional structure. The selection of acceptable methods of
quality control of non-separable joints was made, taking into account their
geometric and structural features. An analysis of satisfactory combinations of the
physical and mechanical properties of metal materials to ensure the necessary
rigidity and stability of the converted structure under the influence of space
environment factors was carried out. General conclusions have been drawn based
on the results of research on the combination of sufficient degrees of
transformation and rigidity of the research object.

Key words: deployable structure, inflatable structures, deployable booms,
load-carrying shells, foldable shells, strength; mathematical modeling, welding,
welded joints microplasma welding, thin metal shells, pulsed welding, joint

microstructure
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Cmammi y HaKyosux ¢axosux 6UOAHHAX KYPAiHU

4. JI. M. Jlo6anog B. C. Bonkor O. B. Maxuenko C. M. Kangana MoaemtoBanHs
HAC 1 HCHOiI 3HaTHOCTI 3BapHUX TpPaHC(HPOPMOBHUX KOHCTPYKLIH B IMporect
pPO3KpUTTSA 1 ekcruryaramii, X MbkHapogHa KoHpepeHIs «MaremaTuyHe
MOJICJIIOBaHHsI Ta 1HQOpMAIliHI TEXHOJIOTii B 3BaproBaHHI Ta CHOPITHEHUX
nporecax», 2020 Marepianu  koHdepeHIii  ONMyOJiKOBaHI Yy O KypHali

ABTomatnueckas cBapka, 2021, Ne 1 Kareropis b



