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KYCKOBO-OJHOPIIHA OPTOTPOIIHA IIJIACTUHKA 3
KOJIOBUM PO3PI3OM, BEPEI' AKOI'O YACTKOBO
KOHTAKTYIOTbD I1PHU 3I'MHI

Pe3ztome. Pozensinymo 3a0ayy 32uHy HECKiHUEHHOI KYCKOB0-0OHOPIOHOI OpmMOMmMPONHOi NAACMUHKU 3
KOJIOBUM pO3pi3omM Ha JiHIl pO30ily Mamepianié 3a YMOBU HYACMKOB020 KOHMAKMYBAHHA U020 bepezis.
Mamemamuyny moodenv 0 yiei 3a0aui no6YO008AHO y 6u2HA0i CUCHEMU CUHSYIAPHUX [HMe2PanbHO-
OoughepenyianbHux pieHsAHb 3 J02apumivnumu a0pamu. JocniodxcenHs 6naugy opmomponii mamepiany
NAACTMUHKU HA PO3NOOIT KOMHOHEHM HANPYICEHO20 CMAHY HA KOHMYPI KON08020 OMBOPY 6 NAACMUHYI | OUCKY
301lICHEHO YUCTOBUMU MEMOOAMU MEeXAHIYHUX K8AOpamyp i KOAoKayii.

Knrouosi cnosa: neckinueHna opmomponHa nIACMUHKA, [HMe2paibHO-OUPDepeHyianvHi PIBHAHHSA, 30HA
cnaio, enaoKull KOHMAaKm, YUITHOPUYHULL 32UH, HANPYICEHUU CIMAH.

A. Syasky, K. Muzychuk

PIECEWISE HOMOGENEOUS ORTHOTROPIC PLATE WITH
CIRCULAR CUT THE EDGES OF WHICH ARE PARTLY
CONTACTING WHEN BENDING

Summary. Solution of the mixed contact problem for the infinite orthotropic plate with the circular
hole and the circular elastic isotropic disk which are soldered together in the part of common contour, and in
the remaining contour the through cut is available between them, is introduced. Under uniformly distributed
bending moments at infinity in the directions of coordinate axes and concentrated bending moments applied in
the disk center, the edges of the cut contact partly on the line in the top face of the plate. Frictional forces are
considered not to be available on the contact zone. The solving of the problem includes the determination of the
stress state components on the contour hole of the plate, the size and the position of the contact zone.

The stress state of the composite plate under of this load is presented as the superposition of the
generalized two-dimensional stress state and the bending strain according to the technical theory of the bending
plate.

According to the statement of the problem boundary conditions in the contact zone are formulated as
equality of the normal displacements of contour points on the top face of the plate and the disk. In the zone of
soldered joint the perfect mechanical contact is available that is why the boundary conditions of the problem
are written as equality of contact forces and contact moments and also as equality of the displacement vector
components and rotation angle of normal line to the mean plane of the plate and the disk.

The expressions for determination of the strain state components of the plate and the disk are presented
from the contact stresses on the line of delimiting materials as integral relations with logarithmic kernels and
the relations of the hoop stresses, moments and the rotational moments. Their substitution into the boundary
conditions results in the system of singular integral-differential equations for finding functions, from which the
contact stresses and moments are expressed. This system is enforced by power and moment conditions of
equilibrium of the disk and the single-valuedness condition of flexure plate, which being combined determine
the mathematical model of the problem, the exact solution of which can not be found. For its approximate
solution the structure for finding functions about the ends of the contact zone and the zone of soldered joint was
found. At the ends of the zone of soldered joint the contact stresses and moments are of the root feature. The
finding functions are similar. In the contact zone solution of the system is chosen in the class of functions limited
at its ends. The approximate solution of the problem was built by the method of mechanical quadrature and
collocation.
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For an infinite orthotropic plate with circular cut, the edges of which partly contact under the
unilateral bending at infinity, the influence of material orthotropy of the plate and the size of the zone of
soldered joint on the distribution of the force and moment stresses on the line of delimiting materials of the plate
and the disk was investigated. The research was conducted for five different orthotropic materials. The results of
numerical calculation of the stress state components are illustrated on the graphs. The size and the position of
the contact zone are determined by the method of dichotomy. The results of its calculation for different materials
are presented in the table.

Key words: infinite orthotropic plate, integral-differential equations, zone of soldered joint, smooth
contact, cylindrical bending, stress state.

Beryn. KyckoBo-omHOpiHI IUIACTHMHKM SIK €JIEMEHTH MAIllMH Ta CIOpPYJ IMIMPOKO
BUKOPUCTOBYIOTHCSI B MAIIMHOOYAYBaHHI 1 OyIiBHUUTBI. [3 KOHCTPpYKTHUBHUX YU
TEXHOJIOTIYHUX MIPKyBaHb BOHHM MOXKYTh MICTHTU KPYroBi BKIJIIOUEHHS 3 1HIIIOIO MaTepiany.
[HTeHCHBHA eKCIUTyaTallisl TAKMX KOHCTPYKIIN MO>Ke PU3BECTH JI0 MOSBH TPIIKUH (PO3pi3iB)
Ha MEXI NOJUTy MarepialiB, SKi € MPUYMHOI iX TUIACTMYHOI Aedopmarii Ta BTOMHOTO
pyhinyBaHHs. HasBHiCTP Takux JedexTiB He MOXKe 3a0e3NeUuTH  IOBHOIIIHHOI
(YHKIIOHATBHOCTI Ta MIIHOCTI KOHCTPYKHii. 3a [ii 3rUHAJBHOrO HABaHTAXEHHs Oepern
po3pi3iB OyayTh KOHTaKTyBaTH, IO MPHU3BEAE M0 NEPEepPO3MNOJITy HAMPYKEHb B OKOII
nedexry.

B HnaykoBiil miTeparypi 3ycTpi4aeTbcsi Majo Mpallb, IO CTOCYIOTbCS IOCHTIIKEHHS
HANpPY)XEHOTO CTaHy aHi30TPOIHUX IUIACTHUH 3 TpiluHAMHU (po3pizamu), Oeperu SKUx
KOHTAaKTYIOTh YaCTKOBO a0o0 1o BCiii AOBXKUHI. 30Kpema, podoTa [1] mpucBsiueHa po3B’A3aHHIO
KOHTAKTHOI 3ajgadi /s KYCKOBO-OJHOPIAHOI OpPTOTPONHOI IUIACTHHKH 13 BHASHUM
SJINTUYHUM JIUCKOM, sKa IepedyBae B yMOBaxX OJHOPIJHOTO Y3arajbHEHOTO IUIOCKOTO
HANpY>KEHOTO CTaHy Ha HECKIHYCHHOCTI, 32 HAasSBHOCTI Ha JIiHIi pO3MEXyBaHHS MaTepialiB
30H CIIal0, TJIAJIKOTO KOHTAKTY 1 BiJICTaBaHHS.

VY pobori [2] mis 3agadi MIIHAPUIHOTO 3TUHY OPTOTPOIMHOI TUTACTUHKH 3 YaCTKOBO
HiJICUJICHUM EJIINTUYHUM OTBOPOM BCTaHOBJIEHO (hOpMyNM Uil BU3HAYEHHS KOMIIOHEHTIB
KyTa MOBOPOTY HOpPMalli JI0 cepelHbOi MIOMMHNA B KOHTYPHHX TOYKAX Ili€i TIACTMHKM. Ii
YHCIIOBA peaiizallis 3/iiCHeHa YUCIOBUMU METOJIJaMU MEXaHIYHUX KBaJApaTyp 1 KOJOKaIlii.

JlochiakeHHsl KOHLEHTpaLlli Hanmpy>KeHb Y IPYXKHiM 130TPOMHIHN MIACTHUHII 3 KOJIOBUM
po3pi3oM, Oeperu sIKoro KOHTaKTYIOTh 110 BCIH JOBKHWHI, IiJ] JIEF0 PIBHOMIPHO PO3IOMIICHUX
3TUHAJILHUX MOMEHTIB Ha HECKIHUEHHOCTI ab0 30CepeKCHMX 3THHAIBHUX MOMEHTIB, IO
JII0Th HAa CEPEeJMHHOMY MEpPIEHAMKYIApl TpimmHM, 3aiiicHeHo B [3,4]. Jlns KyckoBo-
OJTHOPITHUX 130TPOITHUX UM OPTOTPOIHMX IUIACTHH 13 BIIASHUM KPYTIUM HPY>KHUM JHCKOM 3
IHIIIOr0 MaTepiany Taki 3a/1a4i He PO3TIISIaINCS.

3anponoHOBaHO METOJ PO3B’A3aHHSA MILIAHOT KOHTAKTHOI 3ajaul JJis HEeCKIHUYE€HHOI
OPTOTPONHOI IJIACTUHKU 3 KPYTOBUM OTBOPOM 1 MPY)KHOTO JAMCKA 3a HAsBHOCTI Ha JiHII iX
CHal0 HACKPI3HOIo po3pizy, Oepern SKOro 4YacTKOBO KOHTAKTYIOTh 3a Jii 3TMHAJBHOTO
HaBaHTAXCHHS.

IMoctanoBka 3agaui. I'panuyni ymoBH. Po3rissHeMO HECKiHUEHHY OpPTOTPOIHY
IUTACTHHKY TOBUIMHOIO 2/ 3 KPYrOBUM OTBOPOM OJMHHUYHOTO pajiyca, B SIKHW BCTaBIICHO
NPY)KHUH KpyrMid — 130TPOMHMK JMCK TaKOro > paxaiyca 1 ToBmmHU. Ha mimsHIi
[7z+051;7r+ ,Bl] KOHTYPY J IHWCK CIasHO 3 IUIACTUHKOIO, @ HA PEIITi KOHTYpY OTBOPY MiX

HUMH HassBHUH HACKPI3HUH po3pi3.
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KyckoBo-oaHOpiIHA IUIaCTHHKA BiJHECEHa 10 JieKapToBoi Oxyz Ta MOJSAPHOI (r, 1)
CHCTEMH KOOPIMHAT 3 IOJIIOCOM B HEHTpi oTBOpy (puc. 1). Oci Ox, Oy posmimieHi B ii

cepenHiid muonwHi. Bick Oz cnpsiMoBaHa BHHU3 MEPIEHAUKYISPHO IO CEPEIHBOI IUIONMHA
IacTHHKK. [lpumyckaemMo, MmO TOJIOBHI HAmpsIMKKA OPTOTPOIii Marepiady IUIaCTUHKA
CHIBIAAIOTh 3 HANIPSIMKAMH KOOPAMHATHUX OCEH.

Ha HeckiHUYeHHOCT] TUIaCTHHKA 3TMHAETHCS PIBHOMIPHO PO3IOMIJICHUMH 3THHATBHIUMUA

MoMeHTaMu M,, M,, Akl JIIOTh Yy HampsMKaxX KOOpPIUHATHUX oOced. Y IEeHTpl Jucka
HPUKIAJIEHO Mapy CHJI 3 MOMEHTOM (M M x). VYHacniok Aii Takoro HaBaHTAXEHHs Oeperu
pO3pi3y YaCTKOBO KOHTAKTYyBAaTUMYTh Ha JUISHIII [ao; ,BO], a CKJIaJIeHa IUIACTUHKA OJIHOYACHO
nepeOyBae B yMOBaxX y3arajJbHEHOIO IJIOCKOIO HANPY)KEHOIro CTaHy Ta 3runy. TyT «,, f,,

m+a,, 7+ [ — NOIMApHI KyTH KiHIIB 30H KOHTAKTy 1 craro. BBaxaemo, 1o cwim TepTs B

30H1 KOHTaKTy BiZICYTHI.
Po3B’s30K 3a7aui nossrae y po3paxyHKy Hampy»XEHOTO CTaHy Ha KOHTYPi pO3IiIeHHS
MarepiaiiB INIACTUHKY Ta TUCKA Ta BU3HAYEHHI BEJIMYMHMY 1 TIOJIOKEHHS 30HU KOHTAKTY.

( (

M,
7 _
M,
. T e

M (

Pucynok 1. PozpaxyHkoBa cxema 3anadi
Figure 1. Analytical model of the problem

BpaxoBytoun, 1o rimaakuidi KOHTakT OeperiB po3pidy BiAOYyBaeThCs B3JOBXK JiHIT Ha
BEpXHil JMIBOBIM TOBEPXHI IUIACTUHKH, TPAHWYHI YMOBHM 3a/adi Ha JUISHII [ao; ,BO]

BUOUPAEMO Yy BUTIISAI PIBHOCTI HOPMAJIBHUX 3MIIIEHb KOHTYPHUX TOYOK IUIACTUHKH 1 JUCKa
[3]. 3rigHO 3 MOCTAHOBKOIO 3aa4i iX MOXKHA 3alUCATH TaK:

U e v+ | =0, +n 2 g v+ 020
ox oy Ox oy

S +1g(A) f[i(A)=0; g(1) +1g(1)g5(2)=0;

W3(2) + gy (A) — 1g(D(HA(A) + 81(A) =0, A elag: ] (1)
Tyr f/+if) = ih(Tp +iS,, )5 g +ig) =i(Mp +iP)e”; T,, S, — HOpMalbHi Ta JOTHYHI
KOHTaKTH1 3ycusuist; M ,o P = HOpPMAaJIbHI Ta y3arajibHEH1 JOTHYHI 3TMHAIbHI MOMeHTH; U ,

V' — KOMIIOHEHTH BEKTOpa 3MIIIEHHSI TOYOK KOHTYpY I, fKi Hanexarb CepeiHiil TUIONIUHI
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IJIACTUHKY; a%x’ a%y — KYTH TIOBOPOTY HOpPMaJIi 0 CEPeIHBOI TUIONIMHA IUIACTHHKU B

IUX TOYKAaX; W — MPOTMH IUIACTUHKHA. BiAMOBiAHI BeNWMYMHM I AWCKA BiJ3HAYCHI
1HAEKCOM “17.

Ha pginstami cmaro [72'+al;7r+ ﬂl] Ma€ Miclie i/1ealbHUl MEXaHIYHUN KOHTaKT, TOMY
IpaHUYHI YMOBHU 3a/a4i BHOMpAEMO y BUIJISAI PIBHOCTI KOMIIOHEHT BEKTOpa 3MIIICHHS
KOHTYPHHUX TOYOK Ta KyTiB IIOBOPOTY HOPMAJTi IO CePEIHBOI TUIOIIMHN TUTACTUHKH 1 Jucka [1]
ow _ow,  ow _ ow,
ox  ox oy - oy

InTerpanbni piBHsiHHA 3aaaui. Bupasu a1 KOMIOHEHTIB BEKTOpa 3MillIEHHS

U=U,;V=V;— ,Aelr+asz+ B Q)

KOHTYPHHUX TOYOK IUIACTUHKHU (U ,V) Ta IMpPYKHOTO JHUCKa (UI,VI) IpyU  331aHOMY

HABaHTA)KCHHI 3aIuIeMo y BUrisimi [ 1]

2Eh{(ﬁ:ﬁz )ﬁ(ﬂ)+@§f;<z>msm“dwq};

(#)Insin 4

_tdt+C2} 3)

. BLB+B)g
V= h{(ﬂlﬂz A e

U= 2l~lilh (1=v)AA) - ﬁgfz(t)lnsm L - COM§(fz(t)c0st—ﬁ(t)s1nt)dt+c }
| =ﬁ (1-v, )fz(/%)+%ifl'(t)lnsin Aot gy SnA i(ﬂ(t)cost—ﬁ’(t)sint)dm52},
Aey,

ne f,, [, — KOpeHi XxapakTepucTu4Horo piBHAHHA [5]; £ , v — moxyns HOHra i koedimieHT

ITyaccona marepiany miaacTHHKH B HanpamMky oci Ox ; C,, C,, C,, C, — OBUIbHI CTaI.
ow ow . . Ow,  Ow,
BenmnunmHn —, — Ha KOHTypi » JUIi IUIaCTUHKM I ——, —— [ JHCKa
ox Oy ox oy

BU3HauaeMo 3a popmymnamu [2, 6]

?: il:(ﬁ’lﬂ2+v )gl(/l)—ﬂ1 P, §g2(t)lns1n /lz_tdt—(’g1 +Z’6:2)M1 (Z+Zl)c0s/1—
—%chosmﬂlﬂ2 Y pr g C(B, +p, + (ﬂlﬁzwx))smmq}

1

6w k
B

|:(ﬂlﬂ2 v, )gz(i)+—§gl(t)lnsm ﬂz_tdt— ngl A, sin A -

1

LM

(/BIIBZA +A )sm/l + ﬂlﬂzz . M, A+ C(IBI/BZ (ﬂl + 162) (ﬂlﬂ2 vV, ))COS}L + C4} ;

1
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0 k . A . :
o _ K (1+v1)g1(/1)+£§g;(t)lns1n/1 tdt+sm/1 V‘§(gl'(t)cost+g;(t)smt)dt+
ox 3+v, T 27
+1+V1 MX/I—I_—V‘(stinZ/i—My0032/1)+C~?3 ; 4)
2r 2r
ow, , . A—t . X o ,
— = (1 +v, )g2 1) - §;g1 (¢1)Insin dt + s1n/1—:§(gl (t)sint— g5 (1) cost)dt —
oy 3+vl T, 7
—cos/?,l_vlf(gl'(t)cost+g;(t)sint)dt+1+V‘ My/1+1_—V1(chos2/1+Mysin2/1)+€’4 :
T 2 2r
Aey.
TYT k:ﬁlzﬂ; . D= Zl;xh3 . — 1 . D. = 2’l;1h3 . X :l_vl .
D’ 3-vyv,)” ' D(-v)’ Losa-vh)T T L4y

L =B58+5) A, =B -v)(Br-v.); A=BB (B +B) —(BS+V.) s
A =B+ B)BS-vIBS+Vv,); Cy, Cy, Cy, C,y, C — noBinbHi crai.

[TincraBuBmm (3), (4) y rpanuuni ymoBu (1), (2), oTpumMaemMo CHCTEMY BOCHMU
CUHTYIIIPHUX 1HTErpajbHO-AU(EPEHLIaTbHUX PIBHSAHb 3 JOrapu@MIYHUMHU SApAMU 7S
o (s . .
BU3HAYCHHs QYHKLIA [/, g ( j= 1,2) Ha JUISHKAX CMaro 1 KOHTaKTy.
[{ro cuctemy HEOOXiHO TOTOBHUTH CHJIOBUMHU 1 MOMEHTHHMH YMOBaMH PIBHOBAru
JIMCKa Ta YMOBOIO OJJHO3HAYHOCTI MPOTUHY IUTACTUHKH [ 1, 2]

§Adt=0; § fi(0)dt =0; §gi(t)dt =0; §gi()dt =0; (5)
v v e /4
b, = '(f)costdt cotb 3€ (t)sintdt = b,C, (6)
Py 2 g =
ne by =B+ B)A-B5); b, = (ﬂl +5,)0+ B5)+ 2(ﬂ1ﬂ2 +v,).
PiBHocTi (5) CyXaTh il BH3HAYeHHs cTamux C, = Ex Nl ; C,=C,— ? ~2 ;
1 1

C, = 2Eth£C3 —2E h uf C,; C, = 2Exh£c4 —2E.h uf
A S 3+, A S 3+,

54, a (6) — cranoi C.

Cucrema piBasiHb (1)—(4) Ta ymoBu (5), (6) BuU3HA4YaAIOTh MaTeMAaTU4YHY MOJEIb
MOCTaBIIEHOT 3a/1a4i.
Konrakrai 3ycwust 7,, S, Ta MomMeHTH M ,, P Ha KOHTYpl ) BH3HA4aeMO 31

CIIBBITHOIICHD [ 1]
T,+iS,, =(fi(A) +if{(1)fcos(A) —isin(4));
(7
M, +iP =(g}(A) +ig|(A)Ncos(A) —isin(4)),A € y.
Kinbuesi sycuis 7, momentd M, Ta KpyTHi MOMEHTH H , Ha KOHTYpi OTBODY
TUTACTUHKH B IMO3HAYCHHSX [6] BU3HAYAEMO 32 opMyTIaMu
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7,4 =-7,(4) - LA By g vk 4 By (R, - LB B) i yre s ()R]

4A A, 4A A,
M, =-M,-2QR,+Q,R); H, =B+ B —2v(O,R, ~ORy); (8)
(M, -M )sin2A+2H
H, = 2pcos2/1 RS

a BIJTIOBIIHI BEJIMYMHU HAa KOHTYPI JMCKA 31 CIIBBIIHOIICHS [7, 8]

1 A—t
T}()=T,(2) —;jf Sy (O)ctg =~ dt;

1+v 2
M () =M, () =51 (14 v)M, (2) i fa oyde +
1 1 ¥
+1§P(t)czg’1_tdz+5_vl M, cos|; H',(2)= ! (1+v1)P(/1)—1+V13€P(t)dt—
T, 2z 3+v, 2z
—%§Mp(t)ctgﬂ_tdt—1;2vl M, sinA|, ley. 9)
Ve

Po3risiHeMO yacTKOBI BUIIAIKK 3a/1a4i:
*npu f, =/, =1 cucrema piBHAHb (1)—(6) BU3HAauae pO3B’SA30K 3amayi Ui KyCKOBO-

OJIHOPITHOT 130TPOIMHOI TIJIACTMHKH 3 JIyrOBHM pO3pi30M, O€peru SKOro YacTKOBO
KOHTaKTYIOTb;

JE E, )
® KO TPUHHATH * % — 0, 10 3 (1)—(6) oTpMaeMo po3B’A30K 3a/ayi JJIsl BUMAJIKY,
1

KOJIM TUCK aOCOJIIOTHO XKOPCTKHM, a npu £ = E = E| — po3B’s30K 3a/1a4l 1JIs1 OJHOPIAHOL

130TPOITHOT IJITACTHHKY 3 KOJIOBUM pO3pizoM [3, 4].
Hadau:keHuii po3B’si30k 3a1a4i. 3HAXO/KEHHS TOYHOTO PO3B’S3KY 3a/1a4i OB’ I3aHO
31 3HAYHUMH MATEeMATHYHUMHU TPYAHOIIAMH, TOMY OyAeMO HIyKaTh Horo HaOIMKCHUMU

MeToiaMH. [ 1bOro MoTpiOHO BCTAHOBUTH CTPYKTYPY QyHKLiH f, g’ ( j= 1,2) Ha KIHIISX

30H CIIal0 1 KOHTAKTY.

B okxomi KIHIIB 30HA cIa0 BeIWYuHU AT o hS M P MawTh KOpeHeBy

pL P
0co0JMBICT [ 1], Ha SIKYy HaKJIAAA€ThCs JTOKAIbHA OCIMIIAIIs. Taky )k 0COOMHMBICTh HA MMiACTaB1
(7) marote Qynxuii f(4), f;(1), g/(4), g5(4). Ctpykrypa Benwaun hT,, hS,,, M, Py
30HI IJIaJIKOTO KOHTAKTy 3aJie)KUTh BiJ] BEIMUYMHU PO3PI3y MK IUIACTUHKOKI 1 JUCKOM Ta
xapaktepy ix B3aemoii. OCKUTbKH PO3TIIAIAETCS 3aa9a HEMOBHOTO KOHTAKTYBaHHS OeperiB
po3pi3y, TO B HOro Mekax BUHUKATUME JIBl 30HH BIJCTaBaHHS, SKI NPUJISATAIOTH IO JUISTHKH
Craro, Ta OJ(HA JUISHKA KOHTAKTy. 3a TAKMX yMOB KOHTAKTHI HampyKEHHS B 30HI KOHTaKTy
oOMexeHi, a Ha ii KIHIX JOPIBHIOIOTH Hymo. Y mpoMy Bunaaky ¢yskuii f(1), f,(4),
gi(1), g5 (A) takox OynyTh OOMEKESHUMH.

BpaxoBytoun [1, 2], HaOmmkeHW pO3B’A30K 3a1adi MOKHA BU3HAYUTH METOJAMHU
MEXaHIYHUX KBaapaTyp 1 Kojokamii. BeawuuHy i MOJIOKEHHS 30HM KOHTAKTY BHU3HAYaEMO
METOIOM JTUXOTOMIi.
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JInst HeCKiHYeHHOI KyCKOBO-OHOPITHOT OPTOTPONHOT IUTACTHHKHU 3 KOJIOBUM PO3Pi30M,
Oepern SKOro0 YaCTKOBO KOHTAKTYIOTh NpPH Jii 3rMHAJBHOTO HaBaHTaxeHHS M, =M, Ha
HECKIHYEHHOCTI B HampsiMKy oci Ox , IOCIIPKEHO BIUIMB OPTOTPOIi Marepiaiy 1 BEJIMYHHA
30HM CIAI0 HAa PO3MOJUI CHJIOBHX 1 MOMEHTHHX HAaINPYXeHb 1O KOHTYpYy J . UmucioBy

=4 =90, Y~ EE,
1 4 E

1

peaizalito 3aaul 311HCHIOBAIM IPU — ¢, =1. JlochipKeHHS MPOBOIUIIN

JUIS 11 ATH opTOoTponHuX MatepianiB miactuaku (MII): rpadit—enokcun (I'E), ckimo—enokena
(CE), 13orpomuuii wMarepian (IM), enokcun—ckino (EC), enokcun—rpadit (ED).
XapakTepUCTUKH IMX MaTepialiB 1 JiHii, [0 M BiANOBIAAIOTh Ha PUCYHKaX, HaBEICHO B
tabmumi 1. Kpim 1iporo, B TaOnuill HaBeICHO BEIWYHMHY IUISHKH KOHTAaKTy —, = [, I

PO3TIIAAYBAHOI'O BUIIAAKY Ta 3HAYCHHSA KOHTAKTHUX 3YCUJIb hT P y I_[eHTpi ,I[iJ'IHHKI/I KOHTAaKTy
U MOMCHTIB Mp Y LOCHTP1 30HU CIIALO. PeBy.TIBTaTI/I YUCJIOBOTO PO3paxXyHKY KOMIIOHCHTIB

HAIIPpYy>XCHOI'0 CTaHY HAaBCICHO HA pHUC. 2-6.

H] i ;
Pucynox 2. Po3mnonin HopManbHUX 1 JOTHIHHUX 3yCHITb Pucynox 3. Po3monin KiTbIIeBUX 3yCHIIb

Figure 2. Distribution of the normal and tangent stresses Figure 3. Distribution of the hoop
stresses

Pucynox 4. Po3mnonin HopManbHUX 1 JOTHIYHHX MOMCHTIB Pucynox 5. Po3monin KimbleBUX i KpyT-
HHUX MOMEHTIB
Figure 4. Distribution of normal and tangent Figure 5. Distribution of the hoop and

moments torques.
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PucyHox 6. Po3monin KiTbIIeBUX 1 KPYTHAX MOMEHTIB
Figure 6. Distribution of hoop moments and torques

Tabmuns 1
XapakTepHucTrKa JOCHiPKyBaHUX MaTepialliB
M| S 5, v, | EJE, | ~% =h | M, M. | Bm
(rpan.) (A=0)| (A=1x) TiHil
T'E 6.999 0.714 0.250 25 73,949 -0,237 0,273 —_—
CE 2.271 0.763 0.250 3 81,530 -0,543 0,618 -
M 1 1 0.3 1 82,277 -0,803 0,892 _—
EC 0.440 1.310 0.083 0,33 70,170 -0,992 1,285 ——
El 0.143 1.401 0.010 0,04 65,577 -1,422 2,959 | e

AHaII3YI04H pe3yIbTaTH YUCIOBOTO EKCIIEPUMEHTY, JOXOJMMO TAKHX BUCHOBKIB:
OpPTOTpPOMisl Marepiady CYTTEBO BIUIMBAE HA PO3IOMALT KOMIIOHEHTIB HAINPYKEHOTO
CTaHy Ha KOJIOBOMY KOHTYpI SIK Ha IIJISHIII CIIAl0, TaK i B 30HI KOHTAKTY;

31 3MCHIICHHAM BeNMWYMHH K /Ey MaKCHMaJIbHI 3HA4YECHHS BCIX PO3PaXyHKOBHX

BEJIMYMH PI3KO 30UIbIIYIOThCA. OCOOIMBO 1€ CTOCYETHCS MOMEHTHUX HAINPYXKEHb. 3
OISy Ha 1e, HAWONTUMAIBHIIINMH 3 TOYKH 30py MIIHOCTI € MaTepiaiu, sl SKAX
EJE, >1;

B OKOJII KiHI[IB JUISHKH CIIal0 BCi PO3PaxXyHKOBI BEIMYMHHA HAOyBalOTh HEOOMEKEHUX
3Ha4YeHb, a Ha KIHIX PO3Pi3y — TUIBKH KUIBLEBI 3yCHUIIIS, KUTBLIEBI i KPYTHI MOMEHTH.
Conclusions:

The orthotropy of material influences greatly the distributions of the stress state
components of circular contour in the zone of soldered joint as well as in the contact
zone;

With the decrease of value E,/E, the maximum values of all calculation value rise

sharply, moment stresses in particular. Due to it the most optimal from the strength
point of view are the materials for which E /E, > 1;

All calculation values become unlimited at the ends of the zone of soldered joint and
at the ends of cut — only the hoop stresses, hoop moments and torques.
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