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VY poboti po3risHyTO cTaTHyHEe Ae)OpMyBaHHS CKIAJACHUX IWIIHAPHIHUX 000IOHOK. PO3B’sA3yeThcs 3amada 3a
JOTIOMOTOI0 METOJIB KPaHOBHX 1 CKIIaJICHHUX 3aad Ta MMOTEHI[IHHUX IpencTaBlieHb. s TOCTiIKyBaHOTO CKIaICHOTO
Tija MoOyIOBaHO BiATIOBIAHI 3a/1a4i MaTpUIll THITY [ piHa, 10 BPaXOBYIOTh K YMOBH KOPCTKOTO 3aTHCHEHHS Ha KpasX,
TaK i chopMyNIbOBaHi YMOBH 3’€THAHHSI UITIHAPUYIHUX ceKiiil. L{e 103BOMUIIO OTpUMATH PO3B’SA30K PO3MISIHYTOT 33124l
y 3aMKHEHOMY aHAJTITHYHOMY BUTJISII.

Kniouosi cnosa: cknadena yunindpuuna 06010uka, cmamuune 0eqpopmy8anHs, ymosu 3 ' eOnanis, mampuyi muny I pina.
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B pabote paccMOTpeHO ctaTHyecKoe NeOpMHUPOBAaHIE COCTABHBIX MINIMHAPUYECKUX 00oodek. Permaercs 3amaua npu
MTOMOIIA METOAOB T'PAaHMYHO-COCTaBHBIX 3aJad W MOTCHIMANBHBIX IMPEICTaBleHUA. J{JI1 MCCIeayeMOro COCTaBHOTO
Tela TMOCTPOCHBI COOTBETCTBYIOIIME 3ajade MATpPHUIBI THIMA ['pHHA, KOTOpPBIE YYHTHIBAIOT KaK YCIOBHS JKECTKOTO
3alIeMIICHHSI Ha Kpasx, Tak U c(HOPMYJIHPOBAHHBIC YCIOBHS COCAMHEHUS IMITMHIPHYCCKUX CEKIUH. ITO ITO3BOIMIO
MIOJIYYUTh PEIIEHUE PACCMOTPEHHOMN 3a]]a4i B 3aMKHYTOM aHATUTHYECKOM BUJIE.

Kniouegvie cnosa: cocmasnas yununopuueckas 000104Ka, cmamuyeckoe Oeopmuposanue, VCio8usi cOeOUHeHus.,
mampuysl muna I puna.

INVESTIGATION THE STATIC DEFORMATION OF COMPOSITE CYLINDRICAL
SHELLS WITH HELP THE MATRIX OF GREEN TYPE

Levchuk S. A., c. ph.-m. s., docent, Hmelnitskiy A. A., post-graduate
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str. Zukovskogo, 66, Zaporizhzhia, 69600, Ukraine
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At the vehicle structure and devices are rather common corrugated plates that are used either as baffle boards or as
elements of the executing mechanisms. The use in instrument making of corrugated plates as elastic elements, is
explained by relatively small size, simple design and stability data.

The depth and shape of the wave-like folds, or as they are called, corrugated plates, is very differ and their choice is
determined by the characteristic (relationship between effort and bending) that it is desirable to obtain of a corrugated
plate. In addition to the varied characteristics of the plate corrugation allows to remove unwanted influence of random
inhomogeneities that may be in a flat plate. There are a number of works in which the authors propose ways to calculate
the stress-strain state of the corrugated plates. For example, the method is based on replacing corrugated plate by the
planar one, and taking into account the influence of corrugation by introducing anisotropy coefficients plate in tension
and bending in district and radial directions. The abovementioned method makes possible to calculate the static
deformation of plates with different corrugation profiles.

Herein paper is presented a new approach to the calculation of static deformation rectangular corrugated plates
involving the Shallow Shells Theory.

Let us consider a rigid connection of some infinite number n in the longitudinal direction of cylindrical shells (when
clamping the outer edges). Let’s choose orthogonal curvilinear coordinates in the middle of each of cylindrical shells.
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The problem will be solved in the movements. The system of differential equations of static deformation of each
cylindrical shells that make up the composite body, we write according to the V.Z. Vlasov’s Shallow Shells Theory in
displacement. Let it be distortion of normal surface load. For the corresponding homogeneous system is possible to find
the exact solution, which was done at work. Solving the problem then carried out by variation of arbitrary constants
method.

To determine the constants occurring during the integration of systems of differential equations describing the elastic
equilibrium of each cylindrical shells that make up the studied body conditions were formulated compounds membranes
(for physical reasons) and known conditions hard clamping edge composite body. In satisfying these conditions, we
arrive at a system of linear algebraic equations for these constants. Solving the resulting system and substituting
constants found in the expressions for the displacement vectors, we obtain the final solution of the considered problem
in the form of potential representations submitted through built Green matrix type for herein problem.

By design model set out above were obtained, as an example, some results of the calculation of static deformation of the
investigated composite body with two cylindrical shells.

Thus, the stress state was investigated composite body at different wavelengths cylindrical shells. Analyzing the
characteristics of instant stress state, such as bending moments, we can conclude that in this case the marginal effect
covers almost all built body. This can be explained by a relatively small wavelength of each of the open cylindrical
shells, which formed investigated drawn design, connecting cylindrical sections method, and nature of application of
external load. You can see that with decreasing wavelength cylindrical sections bending moment increases, and its
greatest value is not achieved at the ends of the composite body, and at some distance from the junction of cylindrical
shells. This can also be explained by way of connection cylindrical shells in folded structures.

Key words: compound cylindrical shell, static deformation, conditions of joining, Green matrix type.

Y KOHCTPYKIISIX MalIMH 1 MPWIAAIiB HEPIIKO 3yCTPiHaloThcsl TrodpoBaHi IJIACTUHH, SKi
3aCTOCOBYIOTHCSI 200 SIK PO3MEXKYBaJIbHI MEPETOPOIKH, a00 SIK €JIeMEHTH BUKOHABUYMX MEXaHI3MiB
(puc. 1). 3actocyBaHHs y mnpuiIago0ymyBaHHi ToQpOBaHHUX IUIACTHH SK MPYKHHX EJIEMCHTIB
MOSICHIOETHCSI IOPIBHSAHO HEBEIMKUMHU PO3MipaMH, POCTOTOI0 KOHCTPYKIIIT i CTaOUIBHICTIO JaHUX.
I'mubuna i Gpopma XxBUIENOAIOHUX CKIA/IOK, a00, K X Ha3UBarOTh, rodp, OyBae BEIbMH PI3HOIO 1
BUOIp iX BU3HAYAETHCS XAPAKTEPUCTHKOIO (3aJEKHICTIO MK 3YCHJUISM 1 IMPOTHHOM), SIKYy Oa)kaHO
oJiepXatu BiJl roppoBaHOT IJIACTHHH.

KpiM MOKITMBOCTI BapitoBaTH XapaKTEPUCTUKY MJIACTUHU, TO(PpyBaHHS T03BOJISE 3HITH HeOakaHU
BIUIMB BUIAJKOBUX HEOJIHOPIAHOCTEH, SIKI MOXKYTh BUSBIISITHCA Y TUIOCKIH IJIACTHUHIL.

Puc. 1. T'odpoBana miactuHa

IcHye psia poOiT, y SIKUX aBTOPU MPOIOHYIOTH CIIOCOOM PO3paxyHKY HaIpy>KeHO-Ie(OpPMOBAHOTIO
cTaHy roppoBaHux IutactuH. Y [1], HampuKiaza, 3anponoHOBAaHO METOJ, 110 0a3yeThCs Ha 3aMiHl
roppoBaHOi MJIACTUHU IJIOCKOIO, 1 BpaxyBaHHA BIUIMBY TO(QpPYBaHHS IUIIXOM BBEICHHS
Koe(IlLI€HTIB aHI30TPOMii IMJIACTUHM MpPHU PO3TSITHEHHI 1 BUTHMHI B OKOJIOBOMY 1 pajiiajibHOMY
HanpsMKax. 3raJjaHuil METOJ] Ja€ MOKJIMBICTh PO3PAaXOBYBATH CTaTUYHE J1e(OPMYBAHHS IUIACTHH 3
pi3HUMHU PO LIIMU TOPIB.

Y po6oTi BUKJIQJEHO HOBHM MiAXiA MO PO3paXxyHKy CTaTHYHOTO Ae(pOpMyBaHHS MPSIMOKYTHOI
ro¢poBaHOi IJIACTHHU 13 3aJIy4eHHSIM Teopii mojiorux o0OonoHOK. [lomepemne po3B’si3aHHS ITiET
npobsemMu Oyo 3pobieHO B podoTax [2-5].

PosrnsiHeMo mocimiioBHE JKOPCTKE 3’ €THAHHS JESKOi KIJTBKOCTI N HECKIHYCHHHUX Y TMO3/I0BXKHBOMY
HaNpsSMKY IIIIHAPUYHUX 000JOHOK (TIPH 3aTUCHEHH1 30BHIIIHIX KpaiB), MOMEPEYHI Mepepi3u sSIKUX
300pakeHo Ha puc. 2 (s h=2).

O6epemMoO OpTOTOHAIBHI KPUBOJIHIMHI KOOPAWHATH TaK, K TMOKa3aHo Ha puc. 2. Toxi cucrema
nudepeHIliabHUX PIBHSAHD CTaTUYHOTO JeGOpMyBaHHS KOXKHOI 3 N IMIHAPUYHUX OOOJOHOK,
3TiZHO 3 Teopiero moorux 06onoHok B.3. Biacosa [6], Moxe OyTu 3anucaHa Tak:
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dU 1dw

> +——=0

dx a dx 0
1du W h?*d*(d* 1
ot et S| et W=F,
adx a° 12dx°\dx° a

e U =U(X), W =W(X) — mpoekuii Bekropa nepemimens (U — mpoekuis Ha Bich (OX), W —
npoexuist Ha Bics (0Z)); X — ayroBa koopauHaTa (X = @8, ¢ — KyT MiXk BicCIO (OZ) i nopmato

710 HAanpsIMHOi); h — TOBIIMHA OOOJIOHKH; & — pajilyC KpUBUHU CEPEAMHHOI TOBEPXHI OOOJIOHKH.

@)

Dzr

Puc. 2. Tlepepi3 ckinageHol KOHCTPYKIIL 3 JBOX HNITIHAPUIHUX 000IOHOK

JlehopmyrounM BIUIMBOM Xaik OyJae HOpMajdbHE ITOBEPXHEBE HABAHTAXCHHS IHTEHCUBHICTIO

1-o?
=(0(X), Tak, mo F = .
q=q(x) =
Bupasu BHYTpIlIHIX 3yCHIIb | MOMEHTIB Yy IbOMY BUTIAJIKy MarOTh BUTIIS] [6]:

LB (U 1) (W 18U) o (W 16U
N(X)_l—az[deraWj’ M (x)= D( dx’ ade’ Q)= D( dx® adxz) (2)

Hna cucremu (1) MOXIMBO 3HAaWTH TOYHUN pO3B’SA30K, a caMe, (PyHIaMEHTaJbHI CHCTEMHU
po3B’s3kiB (pu F =0) OynyTh MaTu BUTIISI:

UY(x)=1 U®@(x)=x; UP(x)=x* UW(x)=2x*+hx; U(5)(x)=cos§; U(G)(x)zsing;

WU (x)=0; W®(x)=-a; WO(x)=-2ax; WY(x)=-6ax?

. X X
WO(x)=sinZ=; W®(x)=—cos=. 3)
a a
OTtxe, 3araibHUN po3B’s130K cuctemu (1) HaOyzae BUTIISAAY:

6 6

U(0= D¢, 00U (1) W(x)=3C,(oW" (x). @

i=1 i=1

Po3B’si3yBanHs 3amayi qani OyneMo 3A1MCHIOBATH METOIOM Bapiallii TOBITBHUX CTAUX, TP IIbOMY
OTPUMAEMO 3aJICKHOCTI:

W(x):ZG:C_:iW(”(x)+ I-F(§)12a2 {x—§+asin%}d§, (5)
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ne b=azx/d.

Jlnst BuszHauenHst cramux C, (i:1,2,...,6n) chopMyIIIOEMO YMOBH 3’ €IHAHHS IWITHAPUYHUX

00070HOK (13 (i3MYHMX MIpKYBaHb) 1 3arajbHOBIIOMI yYMOBH >KOPCTKOTO 3aTHCHEHHS KpaiB
CKJIQJICHOTO Tia (uB. puc.2):

T V4 4
U, —d—laij=0; W, (Iakj:_wkﬁ-l[ﬂakﬂj;
Vs % 4
WA —d—l%j=0; Uk(aakj:_ukﬂ(ﬂakﬂj; 6)
Xm dl ka dk ka+1 dk+l

0;

T V.4
k+l[ﬂak+lj; Un(_d_nanJ
T T T
Q Ea 8 j =—Q (K a‘k+lj; W, (_d_nanJ =0;
N, iak =—Nya Laku , % _lan =0,
dk dk+1 dXn dn

ne, Hanpukian, d, =8, sakmio |q0k|S7z/8; k=12,..,.n-1.

<
7~ N\
2
D
N———
Il
<

Tyt 1 mami HWKHIA 1HAEKC O3HA4a€ HOMEp UWJIIHAPUYHOI CEKIlii, sika BXOJIUTH JI0 CKJIAIEHOT
KOHCTPYKLIIi.

[TincraBnsaroun (4), 3amucaHi 1js KOXKHOI 3 n HATIHAPUYHUAX CEKI[H, 3 SKUX CKJIaJa€ThCs

CKJaseHui o0’ekT, y (2), 1 moTiM ozaepxaHi Bupazu y (6), NPUXOAUMO 10 CHCTEMHU JIIHIMHUX
anreOpaiyHUX piBHAHL BiHOCHO HeBimomux C, (i :1,2,...,6n) 3 MaTpuier Koe(illieHTiB mpu
. 6n
HEBIIOMUX Az{aij}_ L
i,j=

Po3B’s13aBIIM OTPUMAHY CHCTEMY i MiACTaBiIsAl0YM 3HaineHi Bupasu mis C, (i :1,2,...,6n) y (5),

OJIEP’)KUMO OCTaTOYHMI po3B’s130k 3a1adi (1), (6) y BUrsii:

700)= 5 ] 6 (xR ()0, %
V, (x)=(U, ()W, (%)) F(&)=(R (&R (&)
G|(Xk’§):(G:j)ij:1 , (8)
k=12,...,n

G, (X, &) — moGynosani marpuui Tumy I'pina ams gaxoi 3azadi.
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__y6n . 6n
Sxmo yepes A_lz{ozij}i ., TO3HAUATH MATPULUO, OOEpHEHY JI0 MAaTpHIl A:{aij}ij:l’ 110

3ragyBajacsa BUIIC, @ TAKOXK BBECTHU MMO3HAYCHHS:

tIil(é:) = ::,-]_3{§Ijalz (bl _%g+a| sin é:;bl ]—ﬁijuaw (342 _@—aﬁ cosg;b'J_

_&ij+2 a'|2 Ll_cos é;bl ] IJ+3 (5 b )+a'l+4D }
|

_ —b .V _
tllz(é:) r::.ZZ{ &ijaﬂi( 1+1 é:"‘amsmég b 1J&.,+1a|+1><[a|2+1uaﬁlcosé—b'“}r

1+1 1+1 2 a‘I+l
a’ (1 cosé—b'”}& D..(&-b.,)+@;..D } 9)
Ij+2 1+1 a ij+3~71+1 1+1 ij+4 =141 (0
1+1
ne 1=12,..,.n=1 i=12,..,6n; inaexc j 30UIbLIYETHCS HA I’SITh OJAWHUIL MpHU 30UIbIIeHH] | Ha

OIHY OAMHHUIIO, mpuuoMy | =1 BigmoBigae j=4, TO KOMIIOHEHTH MOOYIOBAHUX MAaTPHUIb TUITY
I'pina G, (Xk : 5) HaOyIyTh BUTIISY:

Zt”m U(') (%), opu | # k;

G (%, &) = it EUO (x )41, (x,8), mpu | = k;
I

U(Xk!é:): ; nmpu & > X
67 (4.£)= 07 ()U° () (w0
Ze:t”m W (x,), opu | # k;

G (%, &)= 2" (EW P (%) + 1y (%, &), mpu | =k;

IW (%, &)=0, mpu £ > X,;

6

G (%€) = 2" (EW® (%),

Je

8

b (%,8)= T {aﬁ——(gzxk) ‘f}

IW(Xk,g):?{Xk—§+aksin§_xk}, (11)

k

k=12,...,n; iHOAeKC M 30UTBIIYETHCA HA IIICTh OJUHHIIL MPU 30LIBIICHHI K Ha OHY OJHMHHIIIO,
npuaomy k =1 Bimmosimae m=0.
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3a BUKJIAJCHOIO BHIIE PO3PAXyYHKOBOI CXEMOIO OJICPIKAHO, SK MPUKIAA, JesIKi pe3yabTaTu
PO3PaxyHKy CTaTHYHOTO JAe()OpMYBaHHS TOCITIIKYBAHOTO CKJIAJIEHOTO Tijia 3 ABOX IHIIHIPUYHUX
o6ononok (puc. 3). Ilpu po3paxynkax Gyno npuiiasito: o; =0,25, h/a, =1/50, —z/7<¢ <7z/7

(xpusa 1), —7/8< @ < /8 (xpuBa2), i=1,2, ¢,/E=0,5-10", q,/E=-0,5-10".

2-10°M/ (En®)

0,977 1\/<\

ovese | J\
/AR N
N ~
e J

e /)
WA

\v4
-1,302 \/ =/ (e

1 0 1 o =9

Puc. 3. 3ruHanbHi MOMEHTH CKJIaJE€HOT IUIIHAPUIHOT 0OOJOHKHU IPH JOBXKUHI XBUII —r7/7 < ¢, < z/7 (KpHBa 1), i
TOBXHHI XBHII /8 < ¢ < /8 (KpuBa 2)

[Ipu upoMy, AOCHIAKYBaBCS HAINPYKEHUN CTaH CKIAJACHOTO TiJia MPH PI3HUX JOBXKUHAX XBUIIb
HWTIHAPUIHUX 000JIOHOK. AHAI3YIOYM XapaKTePUCTUKH MOMEHTHOTO HAMpY>KEHOTO CTaHy, a caMe
3rHHAJIbHI MOMEHTH M (x), MOKHA 3POOMTH BMCHOBOK, IO B LIbOMY BUINIAJKy KpaHOBHH e(peKT

OXOITIOE Maibke yce ckiazeHe Tino (auB. puc. 3). Lle MOXHa MOSCHUTH MOPIBHSHO HEBEIHKOIO
JIOB’KMHOIO XBHJII KOXKHOI 3 BIIKPUTUX HUIIHAPUYHUX OOOJOHOK, 3 SKHX YTBOPEHA JNOCTiIKyBaHA
CKJIaJIeHa KOHCTPYKLIs, CIOCOOOM 3’€lHaHHS UWIIHAPUYHUX CEKIIH, a TaKoX XapaKkTepoM
MIPUKJIa/IEHHS] 30BHIIIHBOTO HABaHTAXXEHHS (IUB. puC. 2). Mo)KHA MOMITUTH, MO 31 3MEHIICHHIM
JTOBKUHU XBWJl UWJTIHAPUYHUX CEKI[iH 3TUHATBHUM MOMEHT 30UIBIIYETHCA, MPUUOMY HOTO
HaWO1IbIIe 3HAUYEHHS JOCIATAEThCA HE Ha KIHIIX CKIIAAECHOTO Tijla, a Ha AesIKii BIACTaHl BiI MiCIb
3’€HAHHS IUTIHAPUYHUX OO00NOHOK (nuB. puc. 3). lle Takok MOXXHA TOSCHHUTH CIIOCOOOM
3’€JHaHHS LUIIHAPUYHUX OOOJIOHOK Y CKJIaJIeHI KOHCTPYKIII.
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B crarbe m3nokeHa cxema MeTOJ[a KOHEYHBIX 3JIEMEHTOB ISl 3JUTMITHYECKUX KPaeBbIX 3a/lau, OCHOBaHHasi Ha BEIOOpE
6a3uCHBIX (QYHKIMH U3 YCIOBUS MUHMMYyMa (yHKIMOHAJA SHEPTUH 3aa4u. B manHo# cxeme BUA 0a3uUCHBIX QYHKIUI
HE 3ajaeTcs IpEeJBapUTENFHO, a IOUICKUT HAXOXKICHUIO Hapsilly C Y3JIOBBIMH TapamMeTpamy, (OPMHUPYIOMIHAMHU
mpubimKeHHoe pertenue. /s MoaensHON 3a1a4H HCCIIe0BAaH UTEPALMOHHBIN allTOPUTM ITOCTPOSHUS IPHOIMKEHHOTO
PpelIeHus], OTyYeHBI alloCTepPHOPHBIE OLICHKH, XapaKTePHU3YIOe N3MEHEHHE TIOTPELTHOCTH B SHEPTETHIECKOH HOpME,
MIOPOXJIEHHOM ONEepaTOpOM 3aJaud, Ha KaXKJOM Iare ainropurMa. UuCIeHHBIM IpuUMep Il MOJAEJIBHOM 3ajauu
JEMOHCTPHPYET 0COOCHHOCTH MPEUMYIIECTBA JAHHON CXeMBI HaJ| KjlaccHueckuMu cxemamu MKDO.
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VY cTarTi BUKIQJeHa cXeMa METONy CKiHUEHHUX E€JIEMEHTIB Ul SNNTUIHUX KpaloBHX 3a7ad, 3aCHOBaHAa Ha BHOOpI
6azucHux (QYHKIIH 3 yMOBHM MiHIMyMy (YHKIiOHaja eHeprii 3aBIaHHs. Y JaHili cxeMi BUJ Oa3UCHUX (QYHKIIH He
3a/1a€ThCS 3a3JANIETib, a MiUIArac 3HAXOKEHHIO TIOPSA 3 BY3JIOBUMH TapaMeTpaMu, 10 (OPMYIOTh HaOIMKEHE
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