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Pabora mocesiieHa pacueTy oOOIIed W MECTHOW MPOYHOCTH HECYINIMX KOHCTPYKIHH arperatoB
CTapTOBOI CHUCTEMBI AJSl pakeThl KocMuueckoro HaszHaueHus «Coro3-2» stama 1B. B kauectBe
HaTPYXXCHHS arperatoB pacCMaTpUBaeTCs JNEHCTBHE Ta30JUHAMUYECKON CTpyH IBUTATCIBHON
YCTaHOBKH pakeThl. MOIeIHPOBaHNE arperaToB U MX pacdeT OCYMIECTBISCTCS MPU MOMOIIU METoJa
KOHEUYHBIX U CYIIEPAIEMEHTOB. B paboTe mpeacTaBieHB pe3ynbTaThl pacdeTa MoJiei pacrpeneineHus
Y3JIOBBIX TEMIIEpaTyp B MOJIEIISIX arperaTtoB CTAPTOBOM CHCTEMBI, a TaKKe HAPSIKCHUS B KOHEYHBIX
aneMeHTaXx. B KadecTBe mMmpmMepa pacuera MECTHOW IMPOYHOCTH B paboTe pacCMOTPEH pacder
KOHCTPYKTHBHOTO y3Jia KaOeab-3alpOBOYHONW MauThl. Pe3ysibpTaThl pabOThl OBUIM HCIOJIb30BaHbBI
pa3paboTYrKaMy arperaToB CTApPTOBON CHCTEMBI JJISI PAKEThl KOCMHUYECKOTo HasHaueHus «Coro3-2»
srama 1B.

KuiioueBble ¢j10Ba: CTapTOBBIA KOMIUIEKC, pakeTa KocMuieckoro HazHaueHus: «Coro3-2.1B», meton

KOHCYHBIX 3JICMCHTOB, MCTO/J CYIICPIJICMCHTOB, IOJIA PACIIPEACIICHN Y3JIOBBIX TEMIIEPATYP

B nexabpe 2013 roga ObLT ycHEmIHO OCYIIECTBIEH IMEPBBIM 3alyCK HOBOW paKeThl
kocmuyeckoro HazHadeHus (PKH) nmerko kmacca «Coros-2» srana 1B. B kadectBe crapToBoit
cucrembl (CC) nmns 3amycka PKH «Coro3-2» srama 1B Obulo pemeHo HCHOIb30BaTh
cymectBytromyto CC mns PKH cemeiictBa «Coro3» Ha xocmonpome Ilnecenk [1]. Omanm u3
BaKHEHMIIINMX 3TANoB pelIeHUs 3TOM 3aauu SIBUJIOCH MPOBEACHUE PACYETHOIO aHAIM3a HECYIINX
KoHCTpyKuui arperatoB CC ¢ 1e/bl0 MOMYYeHHs] OLEHKU UX OOIIel MPOYHOCTU U KECTKOCTH.
VYuuteBas To, uto PKH «Cor03-2» stana 1B ycrymaer mo craproBoit macce PKH «Coro3-2»
BapuaHTOB la, 16 1 UMeeT HOBYIO JBUraTelIbHYIO ycTaHOBKY (IY), BXOIAIIYIO B COCTaB MepBOi
CTYIIEHH, TO OCHOBHBIM PacU€THBIM Harpy>KEHUEM JJIsl OLEHKH IPOYHOCTH U JKECTKOCTH CTajo
razoauHamuyeckoe Bo3aencteue crpyit JIY PKH na Hecymue koncrpykuuu arperaros CC.

KoncrpyktuBnas cxema CC mna PKH «COIO3-2» sranma 1B mpencraBnena Ha puc.l.
OObekTaMu pacuera SIBISIUCh HECYIIMe KOHCTPYKIMHU cienyronux arperatoB CC: omopHas
dbepma (OD) (1103.10), cexrop cunmosoro nosica (CCII), (mo3.8), Hecymas crpena (HC), (1103.9),
BepxHssa kabenb-MauTel (BKM), (1m03.1) u kabenb-3anpaBounas maura (K3M) (mo3.2).
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Puc. 1. Koncrpykrusnas cxema CC gt PKH «COYO3-2» sTama 18:

1- BKM, 2 — K3M, 3 — ocunoBanue K3M, 4 — ocHoBarnne BKM, 5 — onopHoe KoubI0, 6 — KpOHIITEWH ycTpoiicTBa
HarnpasJsronero, 7 — rojoska Hanpasisitomast, 8 — CCII, 9 — HC, 10 — O®, 11 — rugpobydep OP, 12 - 00D, 13

— YCTpOMCTBO HampasJsiroliee, 14 — HIDKHSS KaOeIbHAs MauTa
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Pacuer o0mmeii mpoYyHOCTH MTPOBOAMIICS HA OCHOBE METOJIa KOHEYHBIX SJIEMEHTOB U METO/Ia
CyIiepaJieMeHTOB Tipu oMoty nporpammuaoro komriekca (ITK) «SADASy, paspaboranHoro Ha
kadenpe CM8 MI'TY wum. H.D. Baymana [2], [3], [4]. DopmupoBanue Gpu3MUecKux Mojeien
arperatoB CC pOBOMIIOCH COTJIACHO MPUHIIMIIAM, H3JI0KCHHBIM B [5].

Hcxons w3 ocoOeHHOCTEH HarpykeHuss H (PYHKIMOHUPOBAHUSA pPacCMaTPUBAEMBIX
arperaroB, 4acThb M3 HUX PACCUUTHIBAJaCh aBTOHOMHO, a 4acTh - COBMECTHO. Tak MOBOpOTHAas
gacTh K3M u BKM npeactaBisitorcss oTIeIbHBIMH KOHEUHOAIEMEHTHBIMA MOJICTIIMH (pHC. 2,
puc.3), a Od, CCII u HC — B cocraBe cymnepasieMeHTa, Moaenupytomero cuctemy OdD-CCII-
HC-OO® (puc. 4). OpueHrauuss Mojaeled W HUX OTAEIbHBIX 3JIEMEHTOB COOTBETCTBYIOT

ucxoanomy (otkunyromy) nonoxenuto HC, O®, K3M u BKM.

‘7

IlosopotHas
gacts K3M

Puc.2 — INoBopotHas uacts K3M:

a - KOHCTPYKTHUBHAs CXeMa; 0 - pacyeTHasd cxema
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Puc. 3 — Bepxusis kabenp-mMauTa:

a - KOHCTPYKTHBHAsI CXeMa; O - pacueTHas cxema
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Puc.4 — Cucrema OD-CCII-HC-OOD:

a - KOHCTPYKTHBHAS CXeMa; 6 - pacuyeTHas cxeMa

Kak yxe orMedanoch, B KauyecTBE HAarpyXeHHUs arperaroB paccMaTpUBAIUCh HX
cOOCTBEHHBIN Bec U Bo3zaencTBHUe razoguHamuyeckoit crpyu Y PKH «Coro3-2» srana 1B.

B cootBerctBuu ¢ npuniunamu MKD Harpy3ku ¢popMHpOBaIiCh NPUBEAECHHBIMU K y3J1aM
KOHEYHBIX D3JEMEHTOB Mogaeneil arperatoB CC. V310BbIe HArpy3ku 0OyCIOBIIEHHBIE
COOCTBEHHBIM BECOM arperaToB M pa3MEUIEHHOI'O Ha HUX 000PYAOBaHUS OMPEIENSIOTCS MMyTeM
YMHOKEHUS Y3JIOBBIX Macc (PU3MUECKON MOJENN arperara Ha yCKOpeHHe cBOOOJHOrO MaJIeHus.
VY3510BBIE HArPY3KU 00YCIOBICHHBIE ra3oiuHaMuueckuM Bozaeicteuem crpyu JY PKH «Coros-
2» srana 1B BkiouaioT B ce0si Harpy3KH, BbI3BaHHbIE CKOPOCTHBIM HAropoM U (DUKTHBHBIE
Harpy3KkH, OKBHUBAJCHTHBIE TEMIIEPATYPHOMY HArpyK€HHUIO, BBI3BAHHOMY TEIJI000MEHOM
aneMeHToB KOoHCTpykuuu arperata CC co crpyeit 1Y PKH. [lanHble y3510BblE Harpysku

OTIPEIIEIISITUCH TIPU MTOMOIIK METOUK, U3JI0kKeHHBIX B [6], [7], [8] Ha ocHOBaHMM moJIel MOTOKA
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UMITyJIbCA W TEMIEPATyp TOPMOXEHHUS, BBIUUCICHHBIX IS pa3iaudHbiX mosnoxeHuit PKH,
COOTBETCTBYIOIIMX 33/IaHHOU TPACKTOPHUH €€ MOobeMa 1 CHOCA.

B pesynbraTe pacdera ObUIM TOJYYEHBI IOJISI pACIpeAeNiCHUs] Y3JIOBBIX TEMIIEpaTyp B
mozensix Od, HC, BKM, K3M, a Ttakxe MakCUMaJIbHbIE HAIIPSKEHUS B JIEMEHTAX UX MOJIEIIEH.

OO6mmue pe3ynbTaThl pacdyeta arperatoB CC npeacraBieHsl B Ta0. 1 u 2.

Tab6auna 1 MakcumanbHble TEMIEpaTyphl B KOHCTPYKTUBHBIX JleMeHTax arperato CC

Arperat (KOHCTPYKTHUBHBIH d1eMeHT) CC MakcuMaabHas TeMIeparypa (OC)
610)) 121
HC 83
CcCI 109
K3M 249
BKM 293

Ta6auna 2 MakcuMaabHEIC HAIPSHKSHUS B KOHCTPYKTHBHEIX 3NieMeHTax CC mpu IeficTBUM COOCTBEHHOTO Beca U

razoiMHaMHUYECKUX Harpy30kK, BbI3BaHHBIX AelicTBueM cTpyu JY PKH

Arperar (KOHCTPYKTHBHBIH d1emenT) CC Gmaxs [o]*,
Mlla MlIla

oD 162 208

HC 106 208

cci 77 208

BKM 197 208

K3M >>245 245

*Omax, [0] — COOTBETCTBEHHO MaKCHMAJbHBIC U JOMyCKaeMble HAMPSHKEHHUSI B 3JIEMEHTAX KOHCTPYKITHIA arperaTton
CC

W3 naHHBIX MpHUBEACHHBIX B TaONMIAX CIEAyeT, YTO Haubosiee YSI3BUMBIM HJIEMEHTOM
CTapTOBOM CHUCTEMBI IO KpUTEPHIO 0011l mpoyHocTH siBisiercss K3M.

[To pe3ynbTaraM NpPOBENEHHBIX PACUETOB KOHCTPYKUMH OBUIM MpPEIOKEHBl YCHUJIICHHUS
HauOoyiee HArpyXeHHbIX Y3JIOB M TPOBEJCH pacdeT MX MECTHOM mpouHocTu. B kauectBe
IpUMepa pacCMOTPUM CTBIK BeTBer (pepmbl moBopoTHOHM yacTu K3M (puc.5).

VYcuneHHslil cThIK BeTBel ¢pepmbl moBopoTHOI yactu K3M mnpencraBiser co0oi CoKHYIO
COCTaBHYIO KOHCTPYKIHIO (puc.6.). OCOOEHHOCTH MaHHOTO 3JIEMEHTAa KOHCTPYKIIUU TPYIHO
MOJTHOCTBIO YYE€CTh B MOJCIIA TTOBOpOTHOM yacTu K3M, ucnosp3oBaBiieics A1 ONCHKHA o0mei
MPOYHOCTU. ITO TpeOdyeT Oosee MoAPOOHOTO pacueTHOTO aHAM3a MECTHOM MPOYHOCTH TaHHOTO

9JICMCHTA.
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Puc.5 — KoncrpykrusHas cxema K3M ¢ yka3zaHueM y37I0B CTHIKOB BeTBEH (epMBbI

Jl7is OIIEeHKHM MECTHOW MPOYHOCTH PacCMaTPUBAEMOro y3ia Oblia CO3/IaHa €ro Mojeibh Ha
OCHOBE TpPEyrojbHBIX iacTUHYaThiX KD (puc. 7). JlanHas moapoOHas KOHEUHOIIEMEHTHAs
MoJieNib ObUTa BCTPOEHA B MOjJENb MOBOpoTHOW yactu K3M, KoTOpas wucmoib3oBajiach JUIs
pacuera o6mieii npounoctd (puc.8). B pesymbraTe pacuera ObUIM TIOJIYYEHO o0OIICe
pacmpesieieHne HaNpsHKeHW B KOHEUYHBIX JJIeMEHTax Monaenu (puc.9) mpu neicTBUU Ha
MoBOPOTHYIO YyacTh K3M cuit cOOCTBEHHOTO Beca M CHUJI, BRI3BAHHBIX Ta30IMHAMUYECKON CTpyei
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Y PKH «COIO3-2» srama 1B. Ha ocHOBaHWMHM MOJNy4YeHHBIX AAHHBIX OBLIM OIpPEEICHBI
o0jacT B MOJIeIM CThIKa BeTBel MOBOpOTHON yacTu K3M ¢ MakcuManbHBIMU HaNPsKEHUSIMU

(puc.10).

OneMeHT VCHIIEHHA — «KOCBIHKa»

DileMeHT VCHISHHS — «Pedpo»

Puc. 6 — KoHCTpyKTHBHAs cxeMa yCHIICHHOTO CThIKa BeTBEH (epMbl OBOpOTHOH yacTn K3M

Puc. 7 — KoneuHoaneMeHTHas MOJENb CTBIKOB BETBEH MoBOpoTHOH uactu K3M
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Mogear cTeIKOE EBeTBel depMEl
noeopoTHoi 9actu K3M

Puc.8. Mojenb cThIKOB BeTBeil (hepMmbl, BCTpoeHHas B 00111y10 Moaens K3M

U3 puc. 9...10 BuaHO, 4TO B paccMaTpuBaeMoil KOHCTPYKTUBHOM Yy3JI€ TIOBOPOTHOM 4acTH
K3M ectb 065acTi, B KOTOPBIX HANpPSKEHUS MPEBBIIAIOT JOITycKaeMble 3HaueHus. OIHAaKO 3TH

00JacTi UMEIOT JIOKAJIbHBINA XapaKTep U He BIUSIOT Ha MPOYHOCTD y371a B LIEJIOM.
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Hanpeweans

Puc.9. Obmiee pacnpeneneHne HaNpsHKEHNH B MOZETH CTHIKOB BeTBEH (epMbl moBopoTHOH K3M

Obmactu HaNpPSTKEHHH,
NIPEBBINAIOMMX JONYCKaeMEIe
anagenus (¢ = 219 MIla)

Puc. 10 — O06acti HanpsHKCHUN B MOJEIH CTHIKOB BeTBel (hepMbl MOBOPOTHOH yactu K3M, mpeBsiinaroniue
JIOITyCKaeMbIE 3HAYCHUS

[To pe3ynbraTam NMpOBEACHHBIX UCCIEIOBAHHUMI OBLJIO BHIPAaOOTAHO TEXHHUUECKOE pEIICHHUE,
HampaBJICHHOE Ha obecreueHne MPOYHOCTH MOBOPOTHOHM yactu K3M, koTopoe BHOCIEICTBHH
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o0 peamm3oBaHo B CC Ha kocmonpome I[lnecenk, obecreunBaromieit 3amyck HoBoit PKH
«Co103-2» atana 1B.
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Computing Analysis of Bearing Elements of
Launch Complex Aggregates for Space Rocket
"Soyuz-2.1v"
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'Bauman Moscow State Technical University, Moscow, Russia

Keywords: FEM, launch complex, space rocket "Soyuz-2.1V", nodal temperature field distri-bution

The research is devoted to the computational analysis of bearing structures of launch sys-
tem aggregates, which are designed for the prelaunch preparation and launch security of space
rocket (SR) "SOYUZ-2" of 1B stage. The bearing structures taken under consideration are the
following: supporting trusses (ST), bearing arms (BA), the upper cable girder (UCG), the umbil-
ical mast (UM). The SR “SOYUZ-2" of 1B stage has the characteristics of the propulsion unit
(PU) thrust, different from those of the "Soyuz" family space rockets exploited before.

The paper presents basic modeling principles to calculate units and their operating load-
ings. The body self-weight and the influence of a gas-dynamic jet of "SOYUZ-2.1B" propulsion
unit have been considered as a load of units. Parameters of this influence are determined on the
basis of impulse stream fields and of deceleration temperatures calculated for various SR posi-
tions according to the specified path of its ascent and demolition.

Physical models of the aggregates and calculations are based on the finite elements method
and super-elements method using “SADAS” software package developed at the chair SM8 of
Bauman Moscow State Technical University.

Fields of nodal temperatures distribution in the ST, BA, UCG, UM models, and fields of
tension in finite elements as well represent the calculation results.

Obtained results revealed the most vulnerable of considered starting system aggregates,
namely UM, which was taken for local durability calculation. As an example, this research con-
siders calculation of local durability in the truss branches junction of UM rotary part, for which
the constructive strengthening has been offered. For this node a detailed finite-element model
built in the model of UM rotary part has been created. Calculation results of local durability testi-
fy that the strengthened node meets durability conditions.

SR developers used calculation results of launch system aggregates for the space rocket
"SOYUZ-2.1B", as well as technical solutions on separate nodes strengthening with appropriate
correction of engineering design package.
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