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Paccmampusaemces 3a0aua onpedenenus Kpumuyuecko2o YCuns CoHcamust nPAmMoy2oabHOl mpexciounol naacmutbl
€O C800600HBIM Kpaem, y KOmopotl 064 NPOMUEONONIONCHBIX KPAS WAPHUPHO-3AKPENIEHbl, A 00UH KPall JHCeCmKo 3aKpe-
nnen. B maxou nocmanoske 3a0aua He umeem 00 HACMOAWE20 BPEMEHU AHATUMUYECKO20 pewenus. B dannou pabome
8apuUAyUOHHbIe YPAGHEHUA YCMOUUUSOCIU NIACMUHbL pewenbl Memoodom Kanmoposuua u obobuennvim memooom Ia-
nepruma. B kauecmee basuchvix oynxyuil npu peuseHuu ucnoab308ansl OaiouHvlie GyHKYuY cneyuanvHo2o euoa. Iony-
uena ananumudeckas Gopmyna Oiis KpUmuuecko20 YCUius mpexciouHou niacmutbsl, no KOMopo 6bl4UCIeHbl KPUMU-
yeckue YCunusi Oisl HeCKOIbKUX NJIACTUN C PA3TUYHBIMU COYeMAaHUsMu pasmepos. Bepupurayus pacuema 6 koneuno-
INIeMEHMHOM naKeme NoKaA3aid 6bICOKYI0 MOYHOCMb NOAYUEHHOU (OPMYIbl U BOZMOHNCHOCMb ee UCHONbI08AHUS 8 NPO-
EeKMUPOBOYHBIX PACUEMAX NPU MUHUMATLHBIX GLIYUCTUMENbHBIX 3aMPAMax.

Knrouesvie crosa: mpexciotinas niacmuna, Kpumuieckoe ycuiaue, 0000wennbviii memoo I arepkuna.

STIFFNESS OF THE SANDWICH PANEL WITH FREE EDGE
AS A CONSTRUCTIONAL PART OF A SPACECRAFT
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The article considers the problem of critical pressure load determination for rectangular sandwich plate with one
free edge, two opposite gimbal-mounted edges and one cantilever edge. Gimbal-mounted edges of the plate are under
linearly varying load. This problem is not analytically solved yet. In this work the variation equations of plate stability
were solved via Kantorovich method and via generalized Galerkin method, with special beam functions as basic
functions. The analytical formula for critical pressure load is obtained. Calculations of critical loads for several
variants of plates were done using this formula and the results were verified via finite-element package. The verification
shows that the analytical formula could be successfully used in engineering and design calculations with minimal
computational cost and high accuracy.

Keywords: sandwich plate, critical load, generalized Galerkin method.

IIpy npoOEKTUPOBAaHUU TPEXCIOUHBIX ILIACTHH, IIPU- YpaBHEHUs YCTOHUMBOCTHU TaKOH IJIACTUHBI COAEpPXKAT
MEHSIEMBIX B KOHCTPYKIMSX KOCMHYECCKHX aIlllapaToB, IEPEMCHHBIAH KOA(PQPHUIMEHT, U TMO3TOMY HX HHTETPHPO-
4acTO BO3HUKAET 3a/laya pacyeTa YCTOMYMBOCTU IJIACTH-  BaHUE OKa3bIBAETCS 3aTPYAHUTENbHBIM. B naHHOH cTaThe
HBI, KOTJa OJIUH U3 € KpaeB CBOOOICH. pelieHa 3aaya ONpelneiIeHus] KPUTUYECKUX YCWIMK IS

3amadya yCTOWYMBOCTH TaKOW IUIACTHHBI HambOoliee  TPEXCIOWHOW IDIACTHHBI CO CBOOOMHBIM KpaeM IO JIeH-
MOIPOOHO W3YYeHA M Ciaydas, KOTAa K IIAPHUPHO 3a-  CTBHEM JIMHEHHO-M3MEHSIOUICHCS HaTPY3KH.
KpEIJIEHHBIM KpasM IPUJIOKEHA PAaBHOMEPHAs CHKUMAaro- PaccMoTpuM TpexcCioiiHy0 IIIACTUHY C OJMHAKOBBIMU
1as Harpyska. KOMITO3UTHBIMHA HECYLIUMH CIOSIMU U OPTOTPOIIHBIM 3a-

Bwmecre ¢ TeM 60bIIOI TpaKTHUECKUI HHTEpEC Iped-  MOJHUTeNeM. JlBa MPOTHBOIOJIOXKHBIX Kpas IUIACTHHBI
CTaBJSIET Ciy4ald, KOrjJa K IIApHUPHO 3aKPEIUICHHBIM  [IAPHUPHO-OMEPTHI, & OJIUH Kpail )KeCTKO 3aKperieH.
KpasdM IUIAaCTUHBI NPUITOKCHBI JIMHENHO U3MECHAIOLINECS IImactuna Harpy>k€Ha B CBOEH INIOCKOCTH JIMHEHHO-
ycuius. HU3MCHAIOIUMCA YCUITUEM.

*Pabota BbITIOJIHEHA NpH noaep ke MuHucTepeTBa oOpasoBaHus 1 Hayku Poccmiickoii @enepannu, cornarenne Ne 14B37.21.0405.
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BenmnunHa 1 3aBHCHT OT 4yHcia MOITYBOJH Aedopma-

MU m BAOJb ocu opauHaT. Touke Oudypkanuu Gopmsl
paBHOBECHSI TUIACTHHBI, OYEBHIHO, COOTBETCTBYET TaKOE
m , IPA KOTOPOM 1) TIPUHAMAET MUHUMAJIbHOE 3HAUCHHE.

OT0 3HaYeHUEe U OyAeT COOTBETCTBOBATH KPUTHUYECKOMY
KO3 QUUMEHTY YCTONIMBOCTH ILUIACTUHBL M .

lpn usBecTHOM 3HaueHuu 1), U3 paBeHCTBA (22)

ONPEIEIUM KPUTUUYECKOE YCHIINE JUIsl TPEXCIOMHOM Iuia-

CTHHBI
= VD Dy, ' (25)
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B kauectBe mpumepa pacuera, ONpEACTHM KPUTHYC-
CKOC YCHJIUE JUTS TPEXCIIOMHOMW IIACTHHBI, C pacCMaTpH-
BaecMbIM 3aKperuicHueM kpaeB. CyMMapHas TOJIIUHA He-
CYILMX CJIOEB IUIACTUHBI puHKUMaeT 3Hauenus ¢ = 0.001,
0.002 m; tommmua cios 3anoiauurens i = 0.01, 0.05,
0.1 m.

Martepuan HeCcymUX CIOEB XapaKTEpU3YeTCs MOIY-
vy fOwra E, = = 54.55 TTla, MoxgynsiMA CHBHTA
Gy = 20.67 I'lla, Gy, = Gy, = 3.78 I'Tla, n ko3 dunmen-
tamu Ilyaccona vy, = 0.32, vy = 0.32. Marepuan 3anon-
HUTESl XapakTepu3yeTcs TONBKO MOIYJISIMH CHBHTA
Gy, = 440 Mlla, G,, = 220 Mlla. Pa3meps! 1acTUHBI B
wrane: a = 0.5; 1; 1.5; 2; 3; 5 m; b = 1 m. PesynbTath
pacyeToB IS TUIACTUHBI MIpeICTaBIeHbI B Tab. 1.

Bepudukanus pe3ynbTaToB pacdera KPUTHYECKOTO
YCWJIUS BBINIOJHEHA B KOHEYHO-JICMCHTHOM ITaKeTe
COSMOS/M ¢ nmomortrpio koHeuHoro snementa SHELLAL
[4] (Tabm. 2). CpaBHeHHE pe3yJbTaTOB OOOHUX PACUECTOB
[IO3BOJISET CHelaTh BBIBOJ O JOCTATOYHON TOUYHOCTHU
MpeUIaraeMoro MeTo/1a, Tak KaK PacXoXIeHHE pe3yJibTa-
TOB HE TpeBbImaet 5 %.
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Tabruya 1
Kpurnueckue ycuius 1Jisl TPeXCI0HHOM NI1aCTHHBI
a,M; (b=1m)
ITapamerp
0.5 1 1.5 2 3 5
NKp 75.402 28.766 22.358 22.846 22.358 22.086
0.01 Ny, KH/M 114.08 43.524 33.828 34.566 33.828 33.416
m 1 1 1 1 2 3
NKp 71.962 28.616 22.441 22.963 22.441 22.189
h, m; 0.05 Ny, KHM 2577.8 1025.1 803.88 822.61 803.88 794.86
(t=10.001 m)
m 1 1 1 1 2 3
NKp 67.838 28.347 22.474 23.045 22.474 22.250
0.1 Ny, KHM 9909.6 4140.8 3283.0 3366.4 3283.0 3250.2
m 1 1 1 1 2 3
Tabauya 2
Kputnyeckne ycuyius Uisi TPeXc/I0ifHON MJIACTHHBI, BbIYHcIeHHbIe MKD
a,™m; (b=1m)
ITapamerp
0.5 1 1.5 2 3 5
0.01 Nyp, KHM 111.13 42.611 33.342 34.169 33.394 33.047
’ m 1 1 1 1 2 3
h, M; 0.05 Ny, KH/M 2493.7 996.57 786.76 807.61 787.88 780.53
(t=10.001 m) ’ m 1 1 1 1 2 3
Ny, KH/M 9621.2 3997.8 3190.6 3281.4 3195.3 3169.2
0.1
m 1 1 1 1 2 3

Taxkum 06pa3omM, pemieHa 3aaada onpeaeIeHus] KpUTH-
YECKHX YCHIIMH TPEXCIOIHOH IMIaCTHHBI CO CBOOOIHBIM
KpaeM, y KOTOPOH J1Ba IPOTHUBOIOJIOKHBIX Kpasl IIapHHUP-
HO-3aKpeIUICHbl, a OJUH Kpaill ’KeCTKO 3akperuieH. [l
peleHnst ypaBHEHMH YCTOWYMBOCTH OBbLI HCIOJIb30BaH
meron KantopoBnua u 0600mmeHHbI MeTox ["anepkuna.
BrinonHeHa BepuduKanys moJry4eHHOTO aHAINTHIECKOTO
peleHns], ToKa3aBmiasi, YTO OINpeeJeHue KPUTHYECKUX
YCUINH MOXET OBITh BBIITOJHEHO C JOCTATOYHON HHXKe-
HEpHOH TOYHOCTBIO 0€3 3HAYMTENFHBIX BBIYMCIUTEIBHBIX
3atpar. [loaTroMy momydeHHBIe (POPMYIBI MOTYT OBITH TIO-
JIe3HBIMH TIPH TIPOEKTUPOBAHUH TPEXCIOMHBIX TUIACTHH.
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