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BU3HAUYEHHSI HATIPYKEHOI'O CTAHY B OPTOTPOITHIN
UJITHAPAYHINA OBOJIOHIII 3 OTBOPAMU
OINPEJAEJIEHUE HAITPSXKEHHOI'O COCTOSHUA B
OPTOTPOITHOM NUJINHJIPUYECKOM OBOJIOYKE C
OTBEPCTUSAMHU
DETERMINATION OF THE STRESSED STATE IN
ORTHOTROPIC CYLINDRICAL SHELL WITH HOLES



AHoTtauisi: [looana memoouxka 8U3HAYEHHs HANPYHCEHb 8 OPMOMPONHIl
YUNIHOPUYHIL 000N0OHYI, NOCIAONEHOI 080MA KPY2OBUMU OMBOPAMU HA OOHILL
HanpAmMHIU. Bukopucmano mooenv obononox muny Tumowenka. 3acmocosano
MemooO CKIHYeHUxX enemeHmis. JlocniodceHo po3noodin HANPY’CeHb HABKOJLO
0mMaBopIis6 8i0 3MIHU 3CYBHOI dcopcmKocmi mamepiany 000JIOHKU.

KuarouoBi ciaoBa: opmomponua obonouka 3 Kpy208UMU OMEOPAMU,
Memoo CKIHUEHHUX eJleMeHMIE.

AnHoTaumsi: [lpusedena memoouxa onpeoeneHus HANPsNiCeHUs 6
OPMOMPONHOU YUTUHOPUUECKOU 000/104Ke, OCNAOAeHHOU O08YMS KpPY2OBblMU
omeepcmuimMu Ha 0OHOU Hanpasasiowel. Ucnonv3o8ano mooenb 060104ex 8Uod
Tumowenko. Hcnonvszosan memoo KoHeuHblx 3nemenmos. Hccnedosano
pacnpeoenenue HANPA*CeHUs OKpY2 OmMEepCmuLl Om U3MEeHeHUs HCeCmKoCmu
mamepuana 000I04KU.

KuroueBrble ciioBa: opmomponnas 000104Ka ¢ KPY2O8bIM OMEepCmueMm,
MemooO KOHEUHbIX 2JIeMEHMO8.

Summary: The method of determination of stresses in orthotropic
cylindrical shell with two holes on one guide was given. The shells model of
Timoshenko was used. The method of finite elements was used. The strain
distribution around the holes on changed of shear stiffness of shell material was
Investigated.

Key words: orthotropic shell with the circular holes, finite elements
method

Beryn. [HTEeHCHMBHE BIpOBaKEHHS KOMIIO3UTHHX MatepiajiiB MmoTpelye
PO3pOOKHU PO3PaXyHKOBUX MOJIeNield 1 METOJIIB, IO BPaXOBYIOTh OCOOJIMBOCTI
CTPYKTYpH 1 TOBEIIHKH IUX matepiaiiB. Jlo Takux ocoOIMBOCTEH, K BiOMO,
HaJIeKaTh IX OPTOTPOIis, MApyBaTUIl XapakTep 1 MOPIBHAHO HU3bKA MILHICTH 1
YKOPCTKICTh B HalpsMKax, 110 He 30iraroThCs 3 HamnpsMkamu apmyBaHHs. Lli
0COOJIMBOCTI YCKIIAHIOIOTh PO3PAXYHKOBI MOJeNi. SIK eTeMeHTH KOHCTPYKIIii B

piBHI/IX o0nacTax HpOMI/ICJIOBOCTi 4aCTO BHKOPHCTOBYIOTHCA 000JIOHKH 3



OTBOpPAaMHM, BUTOTOBJIEHI 3 OPTOTPONMHMUX MartepiaiiB. ToMy BOHHM MOTPEOYIOThH
BJOCKOHAJICHHSI Ta pPO3pOOKM HOBHX METOMIB JOCHTIIKEHHS HampyXeHO-
ne(hOpMOBAHOTO CTaHY B HUX .

MeTtoau pociaigkeHb. Po3risHeMO Hampy>KeHUH CTaH LWJIIHAPUYHOL
00O0JIOHKM 13 KOMIO3UTHOTO Marepiaiy, MociaabieHoi JBoMa KpPYyroBUMHU
OTBOpaMH, pO3MIIICHUMU Ha OAHIA TBIpHIA. A KpHUBOJIIHINHA CcHCTeMa

koopauHat (@, [3) po3milleHa Tak, o Bichb @ 30iraeTbes 3 TBIPHOIO, a BiCh [

30ira€Tbcs 3  HAMPSMHOIO, IO TMPOXOAWUTH Yepe3 CEepPEeAHMHYy JIiHIi LEeHTPIB

o1BOpiB. O00IOHKA HABAHTA)KEHA BHYTPIIIHUM TUCKOM IHTEHCUBHOCTI (.

Buniaumo B 00ooHI okin Q, 1mo MicTuTh oTBOpH. Sk Bimomo [1, c.4],
30HU KOHIIEHTpAIlil Halpy>KeHb HABKOJIO OTBOPIB MAIOTh JIOKAIILHUHA XapakTep i
MPAKTUYHO 3aTyXal0Th HA BIJICTaHI OJJHOTO — JIBOX JIIaMETPIB X OTBOPIB. ToMy
MPUITYCKAEMO, IO TpaHMI [ OKOJly QHACTUIBKK BiJjajeHa BiJ KOHTYpIB
OTBOpIB [y, 10 30BHI HEi 30ypeHHS HaINpyXeHb, COPUUYMHEHUX HASBHICTIO
OTBOPIB, MPAKTHUYHO 3aTyXal0Th.

BinneceMo cepenrHHy MOBEPXHIO OOOJIOHKH 10 CUCTEMHU KPHUBOJIHIHHUX

OPTOrOHAJIBHUX KOOPAMHAT (a, ,8) B mopanbmomMy BUXOIMMO 3 BapialliiHOTO

piBHsiHHS Jlarpanika, 3anucaHoro ajs okoiy Q:

J [{oVo = (pou, + pu,+ p,ow+mgy,+ mgy )} AAdadB -

- [ (Tedu, +T.28u, + T, 30w+ Gy, + Gy )dr =0,

My
O =T0e +T06,+5,00,+G oK +G gk 5+ 2H gk 13 Qde Q% ; (1)
ne V,- nuToma eHepris aeopmarii; Uy,U,,W,);,), - y3araiabHeH1 NepeMileHHs
CepeaUHHOI MOBEPXH1 OOOJIOHKH, Yepe3 sIKI BUPAXKAETHCS MOJIE ePEMIIICHb

Uy =u(a,B)+znn(a.B),

U,=u,(a,B)+zy,(a,B), (-h/2sz<h/2), W=w(a,B). (2)



['eomeTpuyHi CHMIBBIIHOIICHHS MK KOMIOHeHTaMu jaedopmariii 1

y3araJlbHCHUMU HepeMiI]_[eHHHMI/I MarOThb BUIJIA[

=t oo TK,

Ada ABJISB

T,
2 8B\ A)  Ade as

_ 1w
&3= ) +——+5( K u+kaﬁv) 823_y2+_o"_,8+5( kﬁv+k/3u),
ledyl Vsz 210"}/2_'_}/10"5
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=22 A\ 2922 3
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CriBBIAHOIICHHS TTPY>KHOCTI JIJI1 KOMIIO3UTHOI 000JIOHKH OYyTh:
T1=B1+B1£,+Bi§1a To =Byt r+Bif i+ Bog g

S;2 =B+ Bof st Bs s

Gy =DiX1+ DaoX #D 12X 15 G2 = Do+ Dy #D 22 1

Hip = Digk1 + DogXo + D3z2)12,  Q =Ky Q= Kyfas. (4)
Tyr B;,D;,K;— y3araipbHeHl ;KOPCTKOCTI MaTepiary OOOJIOHKH.

J71st opTOTpONHOI 000JIOHKM BOHU OYyTh TAKUMHU:

3
B; =g;h, O =Ecij’K1::Uh613’KZZIUhGZE

El

G = ,C1p=Ey {1-vy ),c157¢C ,7 G,

y Con =

C33 =Gy U1 = /11:%

['pannuHI yMOBH Ha KOHTYpax OTBOPIB 3alUIIYThCS y BUTJISIL

R r
Tp=q°7(1—c0529) S,6 _q02 sin® Q=- q2 G,=H 5= I (5)



[MigcraBusim (3) B (4), a octanne — B (1) 3 ypaxysauusam (5), orpuMaemo

BapialiifHe pIBHAHHS BIJHOCHO 3MIHHUX U;,U,, W, };, V5!

| (U, Uy, W, p4,Y5) = 0.
Jliist po3B’ 13Ky 3a/1a4i 3aCTOCYEMO METOJI CKiHUeHUX ejeMeHTiB[2, ¢.230].
Po3buBaemo 06siacTh Ha KBaJpaTU4HI 130MapaMEeTPUYHI €JIeMEHTH, 110 MalTh

Mo BiciM By3JiB. Ha KOXHOMY 3 IIMX €JIEMEHTIB BBOJAMMO JIOKAJIbHY CHUCTEMY
KOOpJHHAT (5,/7) TaKy, II0 ‘ﬂ <1, ‘l]‘ <1.
B pe3ynpTaTi BIANOBIAHUX NEPETBOPEHb OTPUMYEMO CHUCTEMY JIHIMHHX

anreOpaiyHUX PIBHSHb:

N
X (AN + AU + AW+ AL+ AV =B (6)
(=123,

ne N —uwmeno BysmiB citkwm, U',...,)/p - OIyKaHi MepeMimieHHs B N—My By3i

obyiacti 00osioHKU. Benuuunu Ak’n BU3HAYAIOTh MATPHIIO KOPCTKOCTI.

Matpulis CUMETpUYHA 1 Mae CTPIUKOBY CTPYKTYypy. llluprna cTpiuku 3an1eKuTh
Bl crmoco0y Hymepalli By3miB. Po30uBka o0macti Q Ha eJeMeHTH,
iHTerpyBaHHs, (QOpPMYBaHHS MaTpUIli cUCTeMH piBHAHBL (6) 1 ii po3B’s30K
BUKOHYIOTHCSI Ha KOMIT IOTEp1 3a JOMOMOTOI0 MpOTpamH, CKIAJeHOi Ha MOBI
C++ [3,c.71].

Sk mpukIiaj, MpoBeneHO OOYMCICHHA i1 OOOJIOHKU 3 TaKUMHU (PI3UKO-

reOMETPUYHUMU MapaMeTPaMHu: % =10, r% =0,16

[Ipumnyckanoch, mo O000JIOHKA 3HAXOJAWJIACh I BHYTPIIIHIM THCKOM

IHTEHCHBHOCTI [)y, @ OTBOPU 3aKpHUTI KPHUIIKAMHM, Kl IE€PEJal0Tb Ha KOHTYP

JUIe A0 TOoMepevHol cuid. BHacaimok cuMerpii BIAHOCHO OCeil KOOpAMHAT
PO3paxyHKH TMPOBOAMIUCH Uil YBEPTI OOOJOHKM. Bu3HauaBcs HampyKeHO-
nedopMoBaHUl cTaH O0OOJOHKM MpH (PIKCOBaHIM BIACTaHI MIXK OTBOpaMU

| (I/r=2,5), B 3amexHOCTi Bix mMapameTpiB OPTOTPOIIi OGUHMCIIOBAINCH



KOe(IIIEHTH KOHIEHTpalil KinbueBux 3ycunb Tg/pPyR (B umCenbHHUKY) i
MakCUMaJILHUX MO TOBIIMMHI OOOJOHKHA KUIBIIEBUX MOMEHTIB 660/ poRh (B

3HAMEHHHUKY) 110 KOHTYpY OTBOpPY B iHTepBaii Bix € =0 (HaiOinblie BiggaieHa

TOYKa KOHTypa TEpIIOTO OTBOPY [HI0 KOHTypa JpYroro OTBOpPY) [0

6 = rr(naiiMeHIie BiaieHa) 3 KPOKOM % Pe3ynbratu po3paxyHKiB HaBe/IEHI

B Ta0.1.

Taomug 1.

KoeginienTn koHIeHTpauii KiJiblleBUX 3yCHJIb T2 MOMEHTIB

6 0 T 21/ | 317 77/ | 51 n
T | 7% | ¥ | 4% |

G,4/E, =G,/ E,=100 6,61 | 2,51| 0,66| 0,72 | 1,31 | 2,51 | 10,45

E,/E,=0,72,G,/E,= 0,1/ -0,89 | 0,05| 0,12 | 1,23 | 1,22 | 1,42 | 4,65

G/E,=G,,/E,=0,01 7,97 | 352|1,33[0,45|1,22 | 2,51 | 8,60

E/E,=0,72G,/E,= 0,1| -1,84 | 0,05| 0,81 | 4,12 | 0,11 | -0,01 | -3,90

(ITomana TabauUIs € PO3POOKOIO aBTOPIB)
BucHoBKH. B pe3ynbraTi mpoBeACHUX JOCTIHKEHb: pO3pO0JICHO aIrOpUTM
3HAXOJ/KCHHS HAMPY>KeHO-e(hOPMOBAHOTO CTaHy B IUJIHAPUYHUX 000JIOHKAX 3
OTBOpaMH, BHUTOTOBIIEHHX 3 OPTOTPOITHOTO MaTepialy, BHUBEICHI BHpa3u
KoedilieHTiB Ay (HOpMyBaHHS MATpPULl CHUCTEMH JIIHIHHUX anreOpaidyHux
piBHSIHB, 1O SKHX 3BeJach 3aJadya, a TaKoX CKJIaJeHa I[porama Ha
anropuT™MiuHii MoBi C++, OTpUMaHi KOHKPETHI YHUCIIOB1 pe3yJIbTaTH.
Po3spobriena  mertonmuka obuuncaoBaTH

J03BOJISIE Harnpy>XeHo-

neopMoBaHUil CcTaH B B JOBUIBHIM TOYIll OPTOTPOIHOI IMJIIHJIPUYHOT

000JI0OHKH 3 ABOMa OTBOpaMH.
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