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Huceprailisi HOpucCBAYE€HAa po3poOIll Ta  BUTOTOBJICHHIO  METaNEeBOi
KOHCTpYKLii mnepeTBoptoBaHoro o0’emy (KIIO) kocMmMiyHOro mnpu3HA4YeHHS 3
KOHIYHUX CEKI[l, MEXaHIYHl XapaKTePUCTUKHU SKOi MOKIMBO MPOTHO3YBATH Ha
eTarni 1l CTBOPEHHS 3 ypaXyBaHHSM BIUIMBY (DaKTOpIB arpeCUBHOTO CEpEOBUIIA B
yMOBax eKkciuryartanii. BukoHaHoO BW3HAa4YeHHS KOHCTPYKTHBHOI CXEMH, sKa
BIJIOBIJIa€ HAWKpaloMy TMOEAHAHHIO MAacOBO-TA0APUTHUX XapaKTEPUCTHK,
BHUCOKOI KOMIAKTHOCTI Ta CTIMKOCTI MiJ JI€I0 €KCIUTyaTallifHUX HaBaHTaXEHb Ta
(dbakTOpiB KOCMIYHOTO MPOCTOpPY. BH3HAUE€HO ONTUMAaNIbHI CITIBBIAHOIICHHS
reoMeTpuYHUX mapameTpiB KoHIYHUX cekiiil KI1O, Bkirodaroum ix TOBIIMUHY 1
mapaMeTpy  KUTBIIEBHX CKJIQJ0K, IO YTBOPIOIOTBCS TPU  KOMIAKTHOMY
MEepPEeTBOPEHHI, MpU SAKUX OOOJOHKAa KOHCTPYKIi 0OpaHOro Marepialy Mae
HAWOUIBIILY CTIWKICTH TiJ JMI€I0 XapaKTepHUX (perIaMeHTOBAaHMX) 30BHIIIHIX
HaBaHTaXeHb. [[poBeeHO MOPIBHIBHUN aHaNI3 CKIHUEHO-EJIEMEHTHUX Mojelen
pO3KpUTTS cymniibHO3BapHUX cekiii KIIO 3 piBHOIO BUXIAHOIO T€OMETPI€I0 Ta
TOBIIMHOKO TIPU PI3HIA KIIBKOCTI CKJIQJOK Ta pPi3HIA KOMITAKTHOCTI, IO B
CYKYNHOCTI 3 BepU(IKAIIE0 OTPUMAHUX pe3yJbTaTiB MUISXOM HATYpHOTO
EKCIIEPUMEHTY TO3BOJIMIJIO OTPUMATH OO0’ €KTHUBHI JaH1 MIOAO JIOKAJIBHOI BTpaTH
CTIMKOCTI TOHKHUX IE€PETBOPIOBAHMX OOOJOHOK B HECTAl[lOHAPHOMY CTaHI.
[TokazaHo, 1m0 3a0e3MEUEHHS CTAJIOTO MPOIECY PO3KPUTTA 31 30epeKeHHSIM
PETYISIPHOCTI PYXOMOi TMOBEPXHI OOOJIOHKM MOXJIHUBO 32 YMOB JOTPUMaHHS
BIIMOBITHOCTI KPOKY ii KIJIbLIEBOI 3rOPTKH JI0 Aiana3oHy y 26...29 TOBIIUH METaTy

000JIOHKHU.



JlocoikeHo BIUIMB alNTOPUTMIB MIKPOIUIa3MOBOTO 3BAapIOBAHHA 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 ayCTeHIiTHOI cTaji (OIBIOBOTO
KJIaCy TOBIIUH. 3alpolOHOBAaHO METOAMKM KUIBKICHOI OLIHKM Mpeuu31iHUX
napaMeTpiB 3BaprOBaHHS y MOBTOPIOBAHUX LMKIAX CKIAJaHHS CYLIJIbHO3BapHOI
KTIO nepioguunoro mpodinro. [IpogeMoHCTpOBaHO MOXKIHUBICTH Ta €PEKTUBHICTh
HOTOYHOI'O KOPUTYBAHHS IApaMETPiB 3BAPIOBAIILHOIO IPOLECY 3a pe3yJibTaTaMu
eKCIIPEC-OI[IHKK CTPYKTYPHO-()a30BOr0 CTaHy 3BapHOTO 3 €IHAHHA METOJaMHU
HEPYWHIBHOTO KOHTPOJIIO.

PeanizoBaHO  METOAMKY MPOTHO3YBAHHS  JKOPCTKICHMX  IapaMeTpiB
Oararocekuiitnoi KIIO  goBxkuHOO 3 MeTpU LUISIXOM  PO3PaxXyHKOBO-
eKCIIEPUMEHTAJIbHOIO MOJAJIBHOTO aHali3y JOBrOMIPHOI OOOJIOHKM B CTaHl
PO3KPUTTS 13 BUX1IHUMU JAHUMHU, IONEPEAHBO OTPUMAHUMK METOI0M YHCETBHOTO
aHanizy. BUKOHaHO MOJETIOBaHHSI TOYHHUX T€OMETPUYHUX MapaMeTpPiB PO3KPUTOI
KIIO micnsg 3HATTS BHYTPIIIHBOTO THUCKY (OPMOIIEPETBOPEHHS [JIsl YCYHEHHS
BIPOT1IHOCTI BMHUKHEHHS PE30HAHCHUX YacCTOT KOJMBAHb B EKCIUTyaTallHHX

YMOBAX.

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

KOCMIYHOTO IPU3HAYEHHS

IIpeamer pgociaigkeHb — TEXHOJIOTIYHI MPOIECH BUTOTOBJIEHHS 1
JOCIIIJIKEHHSI eKCIUTyaTallliHUX BJIACTUBOCTEHN JOBrOMIPHOI 3BapHOi KOHCTPYKIIII

NIEPETBOPIOBAHOTO 00’ EMY.

Meta po0OTH: CTBOPEHHS JOBrOMIPHOI KOHCTPYKIli TEPETBOPIOBAHOTO
00’eMy 13 3a0e3MEeuUeHHSM 33J]aHUX TEOMETPUYHUX TapameTpiB, BaKyyMHOI
IIUTHBHOCTI TICIS MPOXOHKEHHS MeopMaIliiHuX MUKITIB Ta HECYUOl 3JJaTHOCTI T

ni€r0 GakTOpiB KOCMIYHOTO MPOCTOPY.



Ines  mocmimkeHb monArae |y — BHU3HAYEHHI  B3a€EMO3B’S3KY  MIK
T€OMETPUYHUMU MapaMeTpamMu 1 KoediieHToM TpaHcdopmartii nosromipaoi KI1O

3 HECHOIO 3JIATHICTIO 1 HEOOX1THOIO YaCTOTOKO Ti BJIACHUX KOJIWBAaHb.

OTpuMaHHS CAMOHECHUX BJIACTUBOCTEN PO3KPUBHUX KOHCTPYKIIIH € METOIO
MEepPeBaXHOI  OUTBIIOCTI  BIAOMHX TMPOEKTIB, 3a BHUHATKOM BHUIIAJKIB iX
TEXHOJIOTIYHOTO 3aCTOCYBaHHS Yy SIKOCTI TIOBEpXOHb BIAOUTTS 1 T.H. Y
JOCITIKYBaHOMY KJIacl KOHCTPYKIIIM KOPCTKICTh Y poOOYOMY CTaHI HE BHUMarae
3aCTOCYBAaHHS JTOJATKOBHUX TEXHOJIOTIM A7s ii ofepKaHHS Ta MIATPUMAHHS, aje
3aJIEKUTh B1Jl CTYTIEHIO PO3KPUTTS Ta 30UIBIIYETHCA 13 HOTO 3pOCTAHHSM. 3 1HILIOTO
OOKy, akKTyaJbHOIO Ta OCTaTOYHO HE BHPIMIEHOK MPOOJIEMOI0 B CyYacHIi
ACpPOKOCMIUHIA TEXHUI[l € TOYHICTh BIATBOPEHHS T'E€OMETPUYHUX TMapaMeTpiB
PO3KPUBHUX KOHCTPYKIIIH 000710HKOBOTO THITY. OTKE, B pOOOTI JOCIIIKYETHCS SIK
CIOJIYYCHHSI JIOCTaTHIX CTYNEHK TpaHcdopmamii Ta BIANOBIIHOI  HOMY
JKOPCTKOCTI, TaK 1 BIUIMB MPYKHO-IJITACTUYHUX BIACTUBOCTEH MarepialiB
00O0JIOHKH Ha MPEUU3IHHICTD ii NepEeTBOPEHHS HA MEX1 3aCTOCYBAaHHS 30BHIIIHBOTO
JUKepesia eHeprii s 1HIIF0BaHHS PO3KPUTTSL.

HaykoBa HoOBHM3HA pOOOTH TMOJSTaE y CYKYIHOCTI KOHCTPYKTHBHO-
TEXHOJIOTIYHUX pIII€Hb, HANpaBIECHUX HA CTBOPEHHS JOBIOMIPHOI 3BapHOI
KOHCTPYKIli meperBoptoBanoro o6’emy (KIIO) kocMmiuHOTO mpU3HAYEHHS, Y
pPO3pOOJICHMX TEXHOJIOTISIX 3BaproBaHHs, (POPMOTBOpeHHs Ta Bepudikarii
CKMEePUMEHTAJIbHIMH OIIIHKAMH PE3yJbTaTiB MaTeMaTUYHOTO MOJIEITIOBAHHS
HaIpy>XeHO-1ePOopMOBaHUX CTaHIB 1 dYacToT BiacHux konumBaHb KIIO, mio
3a0e31euytoTh i HEOOXIJHY HECyuy 3JaTHICTh 1 MacOBO-TabapuUTHI MapameTpH,
BHUCOKY MILHICTh 1 BAKYYMHY HIUIBHICTh 3BapHUX 3’ €HAHb.

Po6ota cdokycoBana Ha po3poOill aarOpUTMy BIATBOPEHHS CIOJIYYCHHS
rCOMETPUYHUX Ta MEXaHIYHUX BIIACTHBOCTEH PO3KPUBHOI KOHCTPYKIIi Yy
poOoOYOMy CTaHi, a TaKOX MPOTHO3YBaHHI e(HEKTOYTBOPEHHS EKCTPEMAaIbHO
neopMoBaHUX  3BapHMX  3'¢qHaHb  (POJBrOBUX  METAJEBUX  MaTepiaiiB
0e3mocepeIHbO Y MPOLIEC 3BaprOBaHHS, 110 3a0e3Medye iX BaKyyMHY IIUIbHICTb

micast aedopMamiiHuX NUKITB. JOCTaTHS KOPCTKICTh TIEPETBOPIOBAHOI 00OJIOHKA



KOHCTPYKLIi MIC/IA PO3KPUTTS BHU3HAUA€ CAMOHECHY 3JaTHICTh, SIKa € ii 0a30BOIO
GyHKIIOHATBHOIO BIACTUBICTIO. OqHAK, Oyab-sKi 3 BIIOMUX METOMIB OTPUMAaHHS
KIHIIEBOI HECHOI1 CIPOMOXHOCTI MOPO/KYIOTh HEBU3HAYCHICTh Y CIIBBITHOIICHHI
KOPCTKOCTI OOOJIOHKM Ta ii TOYHMX TE€OMETPUYHUX MapameTpiB, MPUHIIUIIOBO
BOKJIMBUX JIJI1 KOCMIYHOTO anapatoOyayBaHHs. Kpim Toro, ctTBOpeHHs! pO3KPUBHOT
Ta TEXHOJOTI4HI (paKTOpPH, BIITBOPEHHS SIKUX B €KCIUTyaTallliHUX yMOBax BKpaiu
YCKJIaAHEHO a00 HEeMOKJIMBO. HalO1bI XapakTepHUM MPUKIAZA0OM € BIATBOPEHHS
3aJJaHUX BIACTHBOCTEH HEPO3’€MHHMX 3 €IHaHb, IO 3a3HAIOTh EKCTPEMATbHHUX
nedopMyBaHb SIK CKJIa10Ba PO3KPUBHOI 000JIOHKH.

HpaKTH‘lHe SHAYCHHHA OTPUMaAHHUX pCSyHLTaTiB.

TeopeTnyHi Ta eKCIEPUMEHTANIbHI JOCIIKEHHS, sIKI OyJIM BUKOHAHI B XO/I1
poOOTH, MOXYThb OYTH 3aCTOCOBaHI MpPU CTBOPEHHI BEIOKOTa0apUTHUX
CaMOHECHUX 00OJIOHOK IEPETBOPIOBAHOTO 00’€My, K1 MOKHA Oye BUKOPUCTATH
y HMIMPOKOMY CIIEKTpi 3a/1a4 MO0 CTBOPEHHIO BUCYBHUX Ta MOIYJIBHUX KOHCTPYKIIii
y cdepl KOCMIUHOTO amaparoOyayBaHHs. Po3po0OiiroBaHa KOHCTPYKIlIS Mae
BU3HAUEHE MPAKTUYHE 3aCTOCYBaHHS Ta MpHU3HAYeHa Ui anpoOallii B peajbHUX
eKCIUTyaTalliiHIX yMOBaX.

[Ipu BuUKOHAaHHI POOOTH PO3POOIEHO METOAMKY TOYHOIO IMPOTHO3YBAHHS
CHOJYYEHHS T€OMETPUYHUX Ta MEXaHIYHUX BIACTHUBOCTEH IEPETBOPIOBAHOI
KOHCTPYKIIi MicCJIE TOBHOTO PO3KPUTTS y poOOYOMY CTaHi, a TaKOX MPaKTUYHI
peKoOMeHaIli 0 BUKOHAHHIO PIBHOMIIHUX 3BapHUX 3 €JHAHb OOOJIOHOK, IIIO
30epiratoTh T€PMETUYHICTh MPHU EKCTpPEeMabHOMY Je(popMyBaHHI Ta MOAANBIIIN

eKCIUTyaTarlii B yMOBaX arpeCUBHOTO CEPEIOBUIIA KOCMIYHOTO MTPOCTOPY.

Pesynbrat TEOpETUYHUX Ta EKCHEPUMEHTAIBHUX OCIHIKEHBb, SKI OyiH
OTpUMaHi B MPOIIECi BUKOHAHHS pOOOTH, MOXKYTh OYTH 3aCTOCOBaHI MPU CTBOPEHHI
CaMOHECHHX 000JIOHOK IIEPETBOPIOBAHOTO 00’emy, AK1 OynyTh
BUKOPHCTOBYBATHCh Y KOCMIYHOMY anapaTo0yayBaHHI, 30kpema y npoektax Kb

«ITiBnenne im M.K. Saremnsy



Y nepumioMy po3aijii po3risSHYTO 3aCTOCYBaHHS TEXHOJOTIA KOMITAKTHOTO
dbopMoniepeTBOPEHHS MPOCTOPOBUX KOHCTPYKIIIH B CydacH1d CBITOBIN MPaKTHII Ta
HaBEJICHO KJacu(iKaIlilo Cy4yaCHUX MEePEeTBOPIOBAHMX KOHCTPYKIIIM Ta CAMOHECHUX
KOHCTPYKIIA OOOJOHKOBOTO Ta, 30KpeMa, CTPIKHEBOTO THUIMY. 3a3HAa4eHO Ta
MIPOAHAJI30BaHO METOAM 3abe3nedyeHHsT 0a30BUX (PYHKIIOHAIBHUX BIACTUBOCTEH
NEPETBOPIOBAHUX KOHCTPYKIIIM Ta OKpecleHO 3ajadi JociiikeHb. Ha ocHoBi
IIMPOKOTO  OTJISIAY  JITEpaTypHUX JDKEpel Ta TMOJajbIIOro  MOPIBHSHHS
BJIACTUBOCTEHN MarepiajiB METAIIYHOIO Ta CHHTETUYHOIO TTOXO/’KEHHSI ITPOBEICHO
aHali3 MPUUHATHOCTI 1X BUKOPUCTAHHS 3a YMOB 3a0€3ME€UEHHS JKOPCTKICHUX Ta
MILIHICHUX BJIACTUBOCTEN CAMOHECHUX KOHCTPYKUIN PI3HOTO MPU3HAYEHHS.

Y napyromy po3aiii  poO3risSHYTO METOJOJIOTIYHI aCHEeKTH CTBOPEHHS
MeTajaeBOi 000JIOHKOBOI JOBFOMIPHO1 NEPETBOPIOBAHOT KOHCTPYKIIIT IEPIOJUYHOTO
npo¢ 0. BUKOHAHO yncenbHE MOJAEIIOBAHHS HANpy>KEHO-1e()OPMOBAHUX CTaHIB
0o0paHOro MUITXOM TOCIHIIOBHOT ONTUMI3AIT 00 €KTY TOCIHIKEHHS, MPOBEICHO
aHaii3 MOro XapaKTepHUCTHK >KOPCTKOCTI Ta BH3HAYEHO pallOHANbHI IUIIXU
NOKpAILIEHHs MacoBO-rabapUTHUX BiacTuBocTed. HaBegeHo OCHOBHI Ta
albTEPHATUBHI  CIOCOOM  YTBOPEHHS HEPO3 €MHHMX 3’€lHAHb  MaTepiaiiB
aepPOKOCMIYHOTO MPU3HAYCHHS. BUKOHAHO aHalli3 BIUIMBY KJIIOYOBUX MapaMmeTpiB
MPOILIECY IMITYJILCHOTO MIKPOIIJIA3MOBOT'O 3BAPIOBAHHS HA CTPYKTYPHI 0COOIUBOCTI
mBa J0 Ta Micas eKkcTpemanbHoro naedopmyBanHa. HaBemeHo pesynbratu
BU3HAYCHHX Ta MiATBEPHKECHUX EKCIIEPUMEHTAIBHUM IUIIXOM ONTHUMAIBHUX YMOB
dbopMyBaHHS HEPO3’ EMHUX 3’€JITHAHHb TOHKUX MEPETBOPIOBAHUX OOOJIOHOK 31 CTalll
ayCTEHITHOTO  KJacy, CIOJYy4YeHHs (I3UKO-MEXaHIYHUX BJIACTUBOCTEH Ta
CTPYKTYPHHX OCOOJMBOCTEH SKHMX MAaKCHMalbHO HAOJIMIKEHO /0 aHaJOTIdYHUX
BJIACTUBOCTEH OCHOBHOTrO Metany. OOrpyHTOBaHO TEXHOJIOTIYHI  YMOBH
3a0e3neyeHHs] HEOOXIAHMX BIACTUBOCTEH 3’€HAHHS 3 YypaxyBaHHSIM YyMOB
eKCIUTyaTallll Ta BUTOTOBJIEHHS. J{OCHI)KEHO BIUIMB 3BapHUX 3’€HaHb Ha MPOIIEC
PO3KPUTTA Ta IPOCTOPOBY KOPCTKICTh PO3KPUTOT KOHCTPYKIIII.

Tpetiii  po3min npucBsyeHuit  po3poOlli  TEXHOJOTII  3BaprOBAaHHS

ctpykrypHux eneMeHTiB KIIO Ta nocmikeHHIO KIHETUKH TPOLECY PO3KPUTTS



JIOBrOMIPHOT KOHCTpyKLii. BukoHaHo BuOIp NPUHHATHUX METOIIB KOHTPOIIO
SKOCTI HEPO3 €MHUX 3’€JHAHb 3 YPaxXyBaHHSIM IX F€OMETPHUYHUX Ta CTPYKTYPHHX
ocobOnuBocTei. [IpoBeneHo aHami3 3aJ0BUILHUX CHOJYYeHb (DI3UKO-MEXaHIYHUX
BJIACTMBOCTEH METaJeBUX MaTepialiB i 3a0e3neyeHHs] HeoOX1AHOI KOPCTKOCTI
Ta CTIHKOCTI NMEepPEeTBOPIOBAHOI KOHCTPYKIII B yMoBax ii (hakTOpiB KOCMIYHOTO
cepeloBuIia. 3poOJEHO 3arajibHi BHCHOBKM 3a pe3yjibTaTaMu JIOCIIIKECHb
CTIIOJMYYEHHS JIOCTAaTHIX CTYMHEHIO TpaHchopMallii Ta KOPCTKOCTI 00’ €KTy
JTOCITIIKEHHS.

Kuiro4oBi ci10Ba: po3kpuBHI KOHCTPYKIIii, HAyBHI KOHCTPYKIIIii, pO3KPUBHI1
00OJIOHKH, CaMOHECHI OOOJOHKH, CKJIagHI OOOJOHKM 3BaplOBaHHS, 3BapHI
3’€IHaHHA, MIIHICTh, MaTEMaTUYHE 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.

Dissertation for obtaining the scientific degree of Doctor of Philosophy in
the specialty 132 Materials Science. - E.O. Paton 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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