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B Hacrosiiiee Bpems B MOMCKax MHOTO(MYHKIIMOHATIBHBIX 3aITOJTHUTENEN TPEXCIIOMHBIX KOHCTPYKIIMIT aBUAKOCMHUYECKOTO
Ha3Ha4YeHUsT pa3paboTaHo GOJIbIIIOE pPa3HOOOpa3re MPOCTPAHCTBEHHO-(PEPMEHHBIX CTPYKTYP, B TOM UKCJIe MUPAMUIATBHBIX
1 X-06pa3HbIX (hepMEHHBIX 3aMOJIHUTENe. B maHHOoI paboTe MeXaHUYeCKHe XapaKTePUCTUKH MPU CXKaTHU X-00pa3HbIX
U TApaMUIATBHBIX (DEPMEHHBIX 3aMOJHUTEE CPAaBHUBAIOTCS aHATUTHYECKUM U 9KCITEpUMEHTAIbHBIM CITOCOOAMM.
PesynbTaThl MPOBEAEHHBIX 9KCIIEPUMEHTOB XOPOIIO COTIACYIOTCS C pe3yibTaTaMu pacueToB. [lojlydeHHBIE pe3yabTaThl
IMOKA3bIBAIOT, YTO TIPU OJWHAKOBBIX OTHOCUTEIbHBIX TJIOTHOCTSIX 3aIOJHUTENIC U OMMHAKOBBIX yIilaX HAaKJIOHA CTEePXK-
Hell 3amoyIHUTeNIe 0000IMEHHOE KPUTUIYECKOE HATpsSDKEHUE TPU CXKaThuM X-00pa3Horo (hepMeHHOTO 3aroJHUTENs He
MeHbIIIe 0000IMEHHOTO KPUTUYECKOTO HAMPSIKEHUS TIPU CKATUM MUPaAMUIATBLHOTO (hepMEHHOTO 3arOJTHUTEISI, OJJHAKO

TP BbIICYKA3aHHbIX YCJIOBUAX UX 0606H_[éHHbI€ KECTKOCTH IIPHU CXKAaTUM BCETra OONMHAKOBBIC.

Karuesvie cnoea: oTHOCUTENIbHAS TIJIOTHOCTD 3aMOJTHUTENsI, X-00pa3Hblii 3aMOJHUTENb, MUPAMUIATbHbIN 3aTTOJIHU-
TeJib, 0000IIEHHAST KECTKOCTD MPU CXKATUM, 0000IIEHHOE KPUTUUYECKOE HATPSIKEHUE TIPU CKATUU.

Beenenne

B nocnenHee BpeMsi pa3zpaboTaHO MHOXECTBO
pa3zHOOOpa3HbIX (PepMEHHBIX CTPYKTYpP B IMOTBITKAX
CO3/IaHUSI BBICOKOIPOUYHBIX U JIETKUX 3aIlOJHUTEIEH
TPEXCIONHBIX KOHCTPYKIIMI B aBUapaKeTOCTPOCHUH, a
Takke MyJIbTU(GYHKIMOHATBHBIX KOHCTpYKLMH [1—7].
TUNMUYHBIMU TOTIOJOTUSIMU (DEPMEHHBIX 3aITOJTHUTE-
Jielt siBnsitoTCes upamuaanbHas [8—11], X-obpaszHas
[4], TeTpasgpanbHas [12], KoTopble 00amalOT Mpe-
BOCXOAHBIMU MPOYHOCTHBIMU XapaKTePUCTUKAMU |3,
4,9, 12, 13]. MeTtoabl pacyeToOB U ONTUMU3ALUU ME-
XaHUUECKMX XapaKTePUCTUK 3TUX TUTTMYHBIX (hepMEH-
HBIX 3aOJIHUTeNel ObLIM PacCMOTPEHBI BO MHOTHX
HayuyHBbIX McclienoBaHusIX. JlokazaHO, YTO OHU UMe-
0T JIy4llI€e XapaKTepUCTUKU, UeM MOJTHOMEeTaLInJec-
KME€ KOHCTPYKIUMHU, OJJTHAKO OUYE€Hb MaJlo MCCJea0Ba-
HUIi, B KOTOPbIX MEXaHUYECKUE XapaKTEPUCTUKU 3TUX
3aMoJIHUTENIE CpaBHUBAIOTCS MEXIY COOOM, 4TO B
JMAHHBIM MOMEHT aKTyajnbHO [14—16]. B cTaThe cpaB-

HUBAIOTCSI MEXaHMYECKME XapaKTePUCTUKM IIPU CXKa-
T X-00pa3HOro M IMMpaMUAaJIbHOI0 (PEPMEHHBIX
3aroJIHUTEJIe. A TaK KaK KOHCTPYKIIMM, UCIIOJIb3Y-
eMble B aBUACTPOCHUM, JOJIKHBI OBITh JISTKUMHU, pPe-
3yJIbTaThl JAHHOTO MCCJIeA0BaHNS ITIOMOTYT HaM BBIO-
paTh HanboJIee ONTUMAIbHYIO CXeMY IOCTPOSHUS 3a-
MMOJTHUTEJIS U3 ABYX IPEACTaBJIEHHBIX.

AHAIMTHYECKOE CpPaBHEHHE

st onpeneneHnss 0000IIEHHOTO KPUTUUECKOTO
HaMpPSDKEHUS U XKECTKOCTU TPU CKATUU (DEPMEHHBIX
3aTOJIHUTENIe paCCUNTHIBAIOTCS YCIOBHEIE TehopMa-
LIMM 3JIEMEHTApHOM STYeiKU (DEepMEHHOTO 3aII0THU -

TeJIs MO AeCTBUEM CUIl Oy (puc. 1).

3HayeHUs1 0000IIEHHOTO KPUTUYECKOTO Harmpsi-
KEHUS U KECTKOCTH TIPHM CXKATUM TTMPaMUIATIBHOTO
1 X-00pa3HOro 3aroJHUTENICH ONpPeaesIOTCS Ceay-
IOIIMMU BbIpaxXeHusiMu (4, 8]:
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T33

a)

Puc. 1. DieMeHTapHas siyeiika: ¢ — NMUPAMUAATBHOTO 3aNOJHUTENST; 6 — X-00pa3HOro 3arnoTHUTEIS

. — .2 .
033pr :mln(cy ,cpr)p sin” w; (1)
E33x =E6sin4 ; (2)
. — 2
633Kpn =m1n(csy ,cstn)p sin” w; (3)
E3311 =E§sin4 , 4)

rae O3;  — ODOOIIEHHOE KPUTUYECKOE HATIPSIKEHUE
KDy

X-00pa3HOro 3aloJIHUTENA NIPU CKATUM, Oy —
Kpn

00001IEHHOE KPUTUUECKOE HaAMpsIKeHUe MUpaMu-
JTAJTbHOTO 3ATTOJTHUTEJIST TIPU CXKATUH; E33x — XeEcrt-
KOCTbh X-00pa3HOro 3afoJTHUTENSI TIPU CXKATUK; E3311
— XECTKOCTh MUPAMUIATBHOTO 3aIOJTHUTENS TTPU
CXKaTuu; O, ~— KPUTUYECKOE HANPsKeHHE CTepX-
Hel X-00pa3HOTo 3aIOJHUTENST TIPU CXKATUM; Oup..

— KpUTUYECKOE HaMpsiKeHUe CTepXKHEel mupaMuaaib-
HOTO 3allOJIHUTENSI MpU cXkaTuu; £ — Moayiab ynpy-

rOCTH MaTepuasa 3arnoNHUTENs; O, — NPeIes yrpy-

ToCTHU MaTE€puaia 3arl0JIHUTCIIA, Gl(p — KPUTHUYECKOC

HaIpsa>K€HUC CTep)KHefI 3aITOJTHUTECIIA IPU CXKATUU,

5 — OTHOCHUTCJIbHAA IJIOTHOCTb SJTeMeHTapHOfI SYEW-

033

0)

KJ 3aMOJIHUTENS; » — YroJI HaKJIoHAa CTep>KHel 3a-
TTOJTHUTEJIS.

s X-00pa3HOTro U MUpaMuaaabHOTO 3aII0IHU-
TeJdeil CO CTEpPXHSIMU TIPSIMOYTOJILHOTO CEYEeHUS
(puc. 1) oTHOCHTEIbHAS TUIOTHOCTh M KPUTHIECKOE
HaMpspKEHWE CTepXKHEH 3aroTHUTENST OIPeIeIsIoT-
cd CIEAYIOIIMMU BhIPAXKEHUSIMU:

N — 1 txwx .
Px = cos(w)sin(20){ 12 | ®)
—_ kn2E txwx .
kax 12 @ > (6)
= — 4 tnwn .
Pn = cos(w)sin (20){ 1 ? | 7
_knE( t,w,
Owp, = 12 an1n2 ’ (8)

rie P, — OTHOCUTEIbHAd IUNIOTHOCTH X-00pa3HOro
3aIlOJIHUTENS; P, — OTHOCHUTEJIbHAS IUIOTHOCTD IH-
PaMUIATBbHOTO 3aIIOJHUTENA; O, — OTHOLIEHHUE TOJI-
IIMHBI CTepXXKHEHW K IIMpUHE cTepxXHel X-o0pa3Ho-
IO 3alOJHUTENS; . — OTHOLIEHMWE TOJIIMHBI CTEP-
JKHEN K IUMPUHE CTEPXKHEW NMUPaMUIAIbHOIO 3aI10J1-
HUTEJISA; [, — TOJIIMHA CTepxKHel X-00pa3Horo 3a-
NOJTHUTENSA; W, — IIMPUHA CTepX)HEd X-06pasHOro
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3aroyiHuTeNs; [, — JUIMHA cTepXHel X-00pa3Horo
3al0JIHUTENIS; ¢ — TOJIIMHA CTEPXHEN MUpaMuiaib-
HOTO 3allOJIHUTENIA; W, — IIMPUHA CTEPXHEN nupa-
MUIQJIbHOIO 3aMOJHUTENs; [ — JUIMHA CTEPXHEN
MUPaMUAATBHOIO 3aMOJHUTENS; kK — KO3 PUUIMEHT
3 OEKTUBHON JJIMHBI CTePXHEH (IJIs1 IapHUPHOTO
coenuHeHus: k= 1).

W3 popmyn (2) u (4) oueBUAHO, YTO IPU OAUHA-
KOBBIX OTHOCHUTEJIbHBIX TIJIOTHOCTSIX 3aIllOJHUTENIeH 1
OJIMHAKOBBIX yrjax HaKJOHa CTepKHeil 3aroJIHUTe-
Jieli 0000IIEHHBIE XECTKOCTHU Ha cXaTue MupaMu-
JIaJIbHOTO U X-00pa3HOro 3arnoJHUTeNel Bceraa oau-
HaKOBBI:

By =Ey; - %)

Hanee cpaBHUM 00OOIIEHHBIE KPUTUYECKME Ha-
TIPSKEHMST TIPU CKATUH pacCMaTPUBAEMBIX 3aTTOTHM -
teneil. [1pr OMMHAKOBBIX OTHOCUTEIBHBIX TUIOTHOC-
Tsix u3 dopmyi (5) u (7) crenyer:

txwx :4t]'[w]'l
]2 R (10)

X

U3 dopmya (6)—(8) MOXHO IMOIYYUTH CIEAYIO-
1Iee BhIpakeHUe:

4 &s
Gpr = E GKp"'

(11)

Ecnu y nupamugaibHOTro U X-00pa3HoTo 3amoJ-
HUTEJIe ceueHUs CTepKHEH MOJOOHBI, TO IOJTyJaeT-
csl:

=4 .
Opp, =40,

12)

ITocne noacranoBku ¢opmyJibl (12) B hopmMysibl
(1) u (3) moayuum:

Cayyaii Ne 1. Eciin 6,SG,, , 00a 3amoJIHUTEIIS
n

pas3pymaioTcs M3-3a HOCTUXKEHMS HaIIPSKEHUU B

CTEPXKHSIX, PABHBIX 3HAYEHMIO TIpeleia YIIPYrOCTH
Marepuaia CTEPXKHEH:

— .2

c =0c =0 psin” . 13

B, ~ OB~ OyP (13)

Cayuait Noe 2. Eciu 6, <o <40, _ , IUpaMu-
Kpy, KDy,

NAJIBHBIA 3aMOJHUTEb Pa3pyllaeTcd U3-3a MOTEPU
YCTOMYMBOCTU CTepXKHel, a X-00pa3Hblil 3aMOJTHU-
TEJb pa3pylIaeTcs U3-3a TOCTUXKEHUS HaNpsSKEeHUN
B €0 CTEPXHSIX, PAaBHBIX 3HAYCHUIO Mpeaena yrpy-
rocTu Martepuaia ctepxkHeii. Takum obpaszom, X-00-
pa3HBIA 3aMOJTHUTEh MOXET BOCTIPUHUMATDL OOJIb-
IIIYI0 HaTPy3Ky IO CPABHEHMIO C TUMPAMUTATBHBIM 3a-
MOJIHUTEJIEM, HO He 0oJjiee ueM B YeThIpe pasa:

G5 =0

)
sin” w;
o = O, P ;

L =2
Gy =0, psin o;

pr

(14)

o <0 <40 .
Bypy, Byp, Byp,

Cayyait Ne 3. Ecnu 46Kp <o, oba 3aroyrHuTe -
n

JISl pa3pylIaoTcsl U3-3a NOTEPU YCTOMUMBOCTU CTEP-
kHeli. Takum oOpa3zoM, X-00pa3HbIN 3aIlOJIHUTEIb
MOXET BOCIIPMHMMATh HArpy3Ky B YeThIpe pa3a 00JIb-
Y0, YeM MUpaMUIaIbHBINA 3aIIOJTHUTEIID:

G5 =0

)
sin” w;
o = O, P ;

o} =40 .
Bep, Byp,
B xauecTBe mpuMepa orpeneieHus KeCTKOCTH U
KPUTUYECKOTO HANpPsKeHUs MPU CXKATUU ITUpaMU-
JIAJIbBHOTO U X-00pa3HOTOo 3aITOJTHUTENIEH PACCMOTPUM
3aIlOJIHUTENN C TMapaMeTpaMu, MPUBEACHHBIMU B

Tabm. 1.

Tabauya 1
ITapameTpsl 3anoHuTENEH
Bun sanonnurens | A, MM | £, MM | W, MM | @, Tpagychl | /,Mm | Oy, MIla | E TTla P Orp MITa
' B
X-00pa3HbIit 20 1 2 45 1042 300 70 100 296
' f
IMupamunanbHbI 20 1 2 45 2042 300 70 100 74
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B tab6x. 1 3HaueHust p u O, ObLIM pacCYUTAHBI
nmo dopmyiaam (5)—(8). M3 Tabauubl BUAHO, UTO

(&) < Gy <40 T. €. B JAHHOM IIPUMEPEC Mbl UMC-

Kp Kp~’
eM Ieyio co caydaeM N 2, M OYeBHMIHO, YTO B JaH-
HOM BapuaHTE U NUPAMULAIBHBIA 3aM0JHUTENb, U
X-00pa3Hblil 3aM0JHUTEb Pa3pylliaTcs: OT MOTEPU yC-
TOMYMBOCTHU CTEpXKHEM, 1 X-00pa3HbIil 3aMOJHUTEND
MOET BOCIIPUHUMATh Harpy3Ky B UeThbIpe pa3a 00J1b-
IIy10, YeM NUPaAMUAAIBLHBIN 3aIIOJTHUTEb.

YT00BI OKOHYATEJILHO YOSIUTHCS B BHIIIIECKA3aH-

HOM, PaCCUUTaEM Oz; M Oz3 10 dopmynaam (13)
KPp KDy

u (14), a Takxke NpoBelleM HUCIbITAHUE U CPAaBHUM
pe3yJbTaThl PAaCYETOB C pe3yJibTaTaMU dKCIIePUMEH-
Ta:

2

B (2

_ .2 .

G33Kpn =0y, Ppsin w=74om« - =0.52 MIla;
2 (V2Y

o33 =cy5sin2m=296.m. | =209 MTla.

pr

DKcnepuMeHTAIbHOE CPABHEHME

st onpeneneHus: mpeaesia TpOYHOCTU Ha CxKa-
TUe ObLIM U3rOTOBJIEHBbI J1Ba 00pa3lia TPeXCAOMHBIX
KOHCTPYKIIWI, OMWH ¢ MAPAMUAATBEHBIM 3aTTOTHUTE -
jnemM, a apyroi ¢ X-obpa3neiM. O0e maHenu ObLIN
CIIPOEKTUPOBAHBI U U3TFOTOBJIEHBI TAKUM 00pa3om,
YTOOBI TEOMETPUUECKUE XapaKTePUCTUKHU TTaHeIu, B
TOM 4YMCJie IIUPUHA, BbICOTA, YIOJ HaKJIOHA CTePXK-
Hel, U KOJIMYECTBO 3JIEMEHTAPHBIX sSUeeK ObLIU O1U-
HakoBbIMU [17—20]. OTanuaroiieicst xapakTepucTu-
KOM TaHeJIell 4BJSAETCS TOJBKO BUI 3aIIOJTHUTE.
Mupuna naHenu a = 57 MM, JUIMHA NIaHeaU b=57 MM,
YroJl HakjloHa CTepXHell K OCHOBAHUIO = 450,

a)

Puc. 2. 3D-monenu B mporpamHom Komriekce SOLIDWORKS: @ — nupamuganbHbIii 3a110THUTEND; 6 — X-00pa3Hblit
3aMOJIHUTENb

BbIcoTa syeeK /=20 MM, TOJIIMHA CTEepXKHEM
=1 MM, lIMPUHA CTePXHEU w = 2 MM, MaTepuraJl 3a-
MMOJTHUTENST  aJlOMUHUIN  (TIpemean  TeKydecTHu
6,=300 MIla, ruiotHocTh P = 2800 Kr/M3, MOZYIb
ynpyHoctu E =70 I'lla). Bce xapakTepuCTUKHU COOT-
BETCTBYIOT TIPUBEACHHBIM B Tab. 1.

g M3roTOBICHUS IPEIBAPUTEITLHO OBLIH CITPO-
ekTupoBaHbl 3D-Moaenn o6pas3iioB B TporpaMMHOM
komiiekce SOLIDWORKS (puc. 2). Ha ocHoBe Mo-
JieJieit OBITY TTOJTYYeHBI 3CKU3bI M BHITIOJTHEH pacKpoit
IUTOCKUX 3JIEMEHTOB, ITOCJIeNyIONIee N3TOTOBJICHIE
ITPOM3BOIMIIOCH ITyTEM BBIPE3aHUSI TUIOCKUX (PUTYP U3
JINCTa aTIOMUHKS Ha CTaHKe Jla3epHOi pe3ku. M3 BbI-
PE€3aHHBIX TUIOCKMX 3JIEMEHTOB ObLIM COOpaHbl 00pa3-
Bl 11T 9KcrepuMeHTa. CoemnHeHNEe TIOCKUX 3J1e-
MEHTOB MeEXIy COOOI OCYIIECTBICHO CITIOCOOOM
AT —TIa3» IS YIIPOIIeHHUST COOPOUHBIX OTIepalIvii
[4, 5].

Ha puc. 3 npuBeaeHsl (GoTo 00pa3loB Iocje
cXKaTus.

ITo pe3ynabTaTamM MCIIBITAHWIA Ha cXXaTHE TTHPaMU-
JATbHOTO M X-00pa3Horo 3aIlOTHUTEICH TTOTyIeHB
IrarpaMMBbl «HaTpskeHne—aedopmaius» (puc. 4).

Kax BumHO M3 muarpamMM, TaHTEHCHI JIMHEIHBIX
y9aCcTKOB rpaduKa 3aBUCUMOCTH IedopMalil OT
HaMpsoKeHUST OAWHAKOBBIE, OTCIONA TMOHSITHO, YTO
MOIYJH YIPYrocTH X-00pa3HOro M MUPaMUIATbHO-
TO 3aTTOJTHUTEJICH TIPU OMMHAKOBBIX OTHOCHUTEIHHBIX
TUTOTHOCTSIX, yIJlaX HaKJIOHA CTepXKHEW M OJMHAKO-
BBIX MaTepHaiax SBISIOTCS OTMHAKOBBIMU, YTO TaK-
K€ ObLJIO OUeBUIHO M3 aHATIUTUUYECKON (opMyiibl (9).

ITo pesynbpTaTaM MCIBITAHW, KaK BUTHO U3 Tpa-
(GUKOB, KpUTUUECKHE HATIPSKEHUS TIPU CXKATHU
X-00pa3HbBIX 1 TUPAMUIATBHEIX 3aTTOJTHUTENIEH paB-
HBI 1,29 m 0,61 MIla cOOTBEeTCTBEHHO.

CpaBHUTETBbHBIC 3HAYCHUST KPUTUICCKIX HATIPS -
SKEHW TIpU cKaTUM X-00pa3Horo U MUPaMUIaTEHOTO
3aMOJTHUTENICH, TOJyIeHHbIC aHAIUTUICCKUMU U

0)
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Puc. 3. O0pa3libl 1ocie UCTIBITAHUS: @ — MUPpaMUIaIbHBIN 3aTOJTHUTENb; 6 — X-00pa3HbIi 3aNTOJTHUTENb.

3 . Wy X L.

TTipaMuIaTbHBIIT -00pasHBIiH

12+ 3aMOTHUTEE 121 3ATIONTHUTENE
1-. :"

0 001 002 008 0,04 0,05 0,06 0,07 0,08 0,09 01 011 012 0 001 0,02 0,03 0,04 0,05 0,06 0,07 0,08 0,09 01 011 0,12
£33 €33
a) 0)

Puc. 4. ilnarpamMma «HanpsixxeHue—aedopmaliisi» Mpyu CKaTUU: @ — MUpaMUAaIbHOTO 3aMoJHUTENS; 6 — X-00pa3Horo
3aMOJIHUTE ST

SKCIEPUMEHTAIBHBIMU CHOCOOAMMU, TIPUBEIACHBI B cxatusi X-06pa3HOTO 3aMOTHUTENS GONbIIE KPUTH-
Tabm. 2. YECKOI0 HaIPAXKEHUS CXKATUA MUPAMULAIBHOTO 3a-

Pesynbrarel 9KCIEpUMEHTATBHBIX UCTIBITAHUN  1ioiHUTENS ¢ AHAJOTUYHBIMU XapaKTePUCTUKAMU.
TaKXKE II0KA3BIBAIOT, 9TO KPUTUIECKOC HAIPAKCHUC  Pe3ynbTaThl aHAJIUTUYECKOTO PacyeTa IMOKa3alu, YTo

Tabauya 2
CpaBHUTE/IbHbIE 3HAYEHUS] KPUTHIECKHX HAMPSKEHUI
Kputnueckoe HanpsikeHue nipu cxatuu, MIla
Bu,
It Pasnwnia, %
SaIOJIHATEA Ha ocHoBe Ha ocHoBe
SKCIIEpUMEHTAILHOTO pacyera AHATUTUIECKOTO pacyera
IMupamuganbHbIA 0,61 0,53 15
X-00pa3Hblit 1,29 2,09 38
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o
By,

JIOJIKHO OBITh PaBHO 4, HO COTJIACHO Pe3yJib-
c
3

Kpn

033

pr

TaTaM SKCIICpUMECHTA IMOJY4YMNJIOCh, YTO paB-

G33

Kp n

Ho 2,1. HecMoTps Ha pa3HUILly MeXay pe3yJibTaTaMu
9KCIEPUMEHTOB U AHATUTUYECKUX PACUETOB, MOXKHO
cliesiaTb BBIBOJ, UTO MPU OAMHAKOBBIX OTHOCUTEb-
HBIX TJIOTHOCTSIX U OAMHAKOBBIX yTJIaX HaKJIOHa CTep-
>KHEW 3amojHuTe el 000011EHHbIe KpUTUUECKUEe Ha-
MPSKeHUs cxKaTust X-00pa3HOro 3aroJIHUTENS BCe-
raa osblie, YeM Y MUPaMUIATBLHOTO 3aTTOJHUTES C
aHaJIOTUYHBIMU XapaKTePUCTUKAMMU.

BriBoabl

MexaHn4yecKne XapaKTepUCTUKU TIPU CKATUH
X-00pa3HbIX U MUpaMUIATbHBIX (DEPMEHHBIX 3aI10JI-
HUTeJIe CpaBHUBAIOTCS aHATMTUICCKUM W SKCITEPU -
MEHTaJbHBIM crtocobamu. [loxydeHHBIE pe3yIbTaThl
IMOKa3aJiu, 9YTO MPU OAWHAKOBBIX T€OMETPHICCKUX
XapaKTepUCTUKAaX U OTHOCUTEIBHBIX TNIOTHOCTSX 3a-
MMOJTHUTENIb ¢ MAPpaAMUIANBHON (POpMOIT sTUeeK yc-
TyIIaeT 3allOJTHUTENI0 ¢ X-00pa3Hoil (POpMOIi sTueeK
10 00OOIIEHHBIM KPUTUICCKAM HATIPSKEHUSIM TIPU
CKaTHU.
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Abstract

A wide variety of spatial-truss structures, including
pyramidal and X-type trussed cores was developed at
present in attempts to create multifunctional core
materials of the three-layer structures of aerospace
purpose. Computational and optimization methods of
these typical trussed cores’ characteristics were
considered in many scientific studies. However, very
few comparative studies of such core materials
mechanical characteristics were conducted. The
presented article compares compressive mechanical
characteristics of the X-type and pyramidal trussed
cores by both analytical and experimental methods.
In experimental phase of the study, the two samples
of three-layer structures were produced: one with the
pyramidal core and the other with the X-type core,
to determine the ultimate compressive strength.
3D-models of the samples were designed with the
SOLIDWORKS software for manufacturing. Sketches
were obtained, and pattern cutting of flat elements was
performed based on these models. Further
manufacturing was being perpetrated by the flat figures
cutting from the aluminum sheet on the laser-cutting
machine. Samples for the experiment were assembled
from the cut elements. The flat elements fixing with

“e-mail: lingar777@mail.ru
*e-mail: 1lsergey93@mail.ru
e-mail: xminusx@mail.ru

each other is being brought about by the “spike-
groove” technique to simplify assembly operations.
The assembled samples of the three-layer panels were
tested alternately under similar conditions, on the
same machine tool. Further, based on the results of
compressive testing the “stress-deformation” diagram
for both cores was obtained and analyzed. From these
diagrams, critical compressive stress and stiffness of
the cores were determined. The results of the
conducted experiments are in good agreement with the
results of analytical calculations. The obtained results
demonstrate that with equal relative densities of the
cores and similar slope angles of the cores the
generalized critical stress of the X-type trussed core
cannot be less that the generalized critical compressive
stress of the pyramidal trussed core (and at the small
relative densities it can be four times more). However,
under the above said conditions their generalized
compressive stiffness is the same in all cases.

Keywords: truss core material relative density,
X-type truss core material, pyramidal truss core
material, generalized compressive stiffness, generalized
critical compressive stress.
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