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YUNCJIEHHASA METOJUKA ONIPEJAEJEHUA DOOPEKTUBHBIX
XAPAKTEPUCTHUK OJJHOHAIIPABJIEHHO APMUPOBAHHBIX
KOMIIO3UTOB

JlaHHas cTaThs MOCBSIIEHA UCCIIENOBAHHIO d(P(OEKTUBHBIX XapaKTEPUCTHK OJHOHANPABIEHHO apMHPO-
BaHHBIX KOMIIO3UTOB. Pe3ynbpTarsl mosydensl npu nomoun ITK ANSYS.B pesynbrarte 4HCICHHOTO
HCCIIeJOBaHMS HANPSDKEHHOTO COCTOSIHMS IPEACTABUTEIBCKOM sSUeHKU ObUTH ompeneneHbl 3G deKTnus-
HBIE YIPyTHe CBOHCTBA OJHOHANPABICHHO apMUPOBAHHOTO KOMIIO3HTA.

KiioueBble c10Ba: 0JHOHANPABICHHBIH KOMIIO3UT, 3 ()eKTUBHBIEC YIPYTHEe CBOICTBA.

Bgenenue. [lepBbie paboThl B 00JaCTH MEXAHUKH CTPYKTYpPHO-HEOJHOPO/-
HBIX Cpefl ObUIM TOCBSIIEHBI MCCIENOBAHUAM 3(P(EKTHUBHBIX MEXaHMYECKUX Xa-
PaKTEpPUCTHK MHKPOHEOJHOPOJIHBIX MAaTepHajoB [0 MPaBHIy MEXaHHYEeCKOro
cmemmBanus [1, 2]. B 1946 rogy Y. M. JIndmun u JI. H. Pozenngeiir [3] npemio-
JKUJIM PacCUMTHIBATE MaKpOCKOIMYECKHE CBOWCTBA MOJIMKPHCTAIUIOB, pelasi CTO-
XaCTHYECKYI0O KpaeByl0 3ajgady. JTOT MaTeMaTHYeCKHH METOZA MOJIEIHPOBAHMS
OBUT Pa3BUT BIOCIEACTBUH B TPYIaX OCHOBOIIOJIOKHUKOB COBPEMEHHOM MEXaHUKH
KOMIIO3UTHBIX MAaTEpHAJIOB CTOXAaCTHUYECKOM cTpykTypsl B. A. Jlomakuna [4],
JI. TI. Xopomryna [5], T. J. Hlepmepropa [6], I'. A. Baauna [7], M. bepana [§],
H. A. Andyrosa [9] n MHOTHEX IpyruX yUeHBIX. B HacTosmiee BpeMs HJOCTHTHYTHI
3HAYUTEJbHBIE PE3yJIbTaThl MPOTHO3UPOBaHHS A(P(PEKTUBHBIX JMHEHHO W HENU-
HEWHO-YNPYTMX CBOMCTB, YNPYTOIIACTHYECKUX M BS3KOYIPYTUX XapaKTEPUCTHUK,
nporeccoB AehOPMHUPOBAHUS W pa3pylLICHHsS CTPYKTYPHO-HEOIHOPOIHBIX MaTe-
pHaoB.

Pucynok 1 — Cxema apMUpOBaHUS KOMIIO3UTA
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PaccmMOTprM KOMIO3MIMOHHBIA MaTepHas, OJHOHAIIPABICHHO apMHUPOBAH-
HBII BOJIOKHAMH, ITapaJUIeIbHBIMA OcH X (puc. 1).

B o6pemax, 3HAUNTEIHHO MPEBBIIIAIONIUX PATUYC BOJIOKHA, KOMIIO3UT MOXKET
paccMaTpUBaThCA KaK FOMOIEHHBIN OPTOTPOIHBIM MaTepuan. HampspkeHHoe U ae-
(hOopMHpPOBaHHOE COCTOSIHHSI TaKOr0O TOMOTEHHOI'O Marepualia XapaKTepH3yeTcs
CPEIHUMH 110 00BbeMy V' BeNnn4nHaMU:

(o) = [o,a: (5)=5[adr. (1)
Vv v

B cucteMe opTOTOHANBHBIX JEKAPTOBBIX KOOPAUHAT, COBMAJAIOUIEH C MIOC-
KOCTSIMU CHUMMETPHUHM TOMOT€HHOT'O OPTOTPOIMHOI0 Marepuana, 3akoH ['yka nMeer
CJEeIyIOLINM BUIL:

2
<Txy>:b44 <7xy>; <T,vz>:b55 <7ﬁ>; <sz>:b66 <7zx>'

3neck by — ynpyrue NocTOsIHHbIE SKBUBAJIEHTHOIO FOMOI€HHOTO MaTepHaJla.

Marpurna ynpyrux HOCTOSHHBIX SIBJAETCS CUMMETPHYHOM, TO e€CTh by = bj;.
st KBajgpaTHOM CXeMbl apMHUPOBaHUS YIPYIMe CBOMCTBA paccMaTpUBaEMOIo
KOMIIO3MTa OJMHAKOBHI B HANpAaBICHUSAX z U ). BClencTBHe 3TOro MMEeT MecTo
PaBEHCTBO:

by = b33y by =bsi; bss = bes. 3)

Llenbro HacTOsIIIEH PabOTHI SBISETCS ONPEAEICHHE ITUX XapaKTEPUCTHK IO
HM3BECTHBIM YIPYTUM CBOWMCTBaM BOJIOKOH M CBS3YIOLIETr0. Marepran BOJIOKOH U
CBSA3YIOILET0 MPEANOIaraeTcs H30TPOITHBIM.

JIJ1s 4ACIEHHOTrO MCCIE0BAHUS BBIAEIAETCS MUHUMAIIBHBIN MIPEICTABUTENb-
ckuii 06peM (puc 2), rpaHH KOTOPOTO SIBITIOTCS IIOCKOCTSMH CHMMETPHH Teo-
METPHUYECKON CTPYKTYPBI KOMITO3UTA.

1 x z
) > 4
7// |
1 N oy
Y y' ) [o) 1 -

PI/ICyHOK 2 — CxemMa MMHMMAIILHOTO MpeaACTaBUTCIILCKOTO o0beMa

,Z[J'IH HaXO0XIACHUA 3KBUBAJICHTHBIX YIIPYTHUX I[MOCTOSAHHBIX b,-j BBITIOJTHACTCA
aHaJIN3 HAIPAKCHHOT'O COCTOAHUA MPEACTABUTCIBCKOTO o0beMa B YCIOBUAX, MO-
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JEMUPYIOMNX OAWH M3 BUIOB OTHOOCHOTO Ie(OPMUPOBAHHOE COCTOSHIS WM YHC-
TOTO CIBHUTa B TPEX IUIOCKOCTSX.

[TepBblif YUCIEHHBIN YKCTIEPUMEHT MOJIEIUPYET OJHOOCHOE PAaCTSHKEHUE OC-
peIHEeHHOTO MaTepurasa B HallpaBJICHUN OCH X.

CpenHue 3HA4YCHHUS KOMIIOHCHTOB TEH30pa AeOpMaldd MPU 3TOM HMEIOT
3HAYCHUS

(=107 (£,)=0; (2)=0; (r,)=0; (r.)=0; (r.)=0. @

I'paHnuHbIe YCIOBHSA Uil CTPYKTYPHOTO aHAIN3a MPEACTaBUTENBCKOTO 00be-
Ma, COOTBETCTBYIOIIHE 3TOMY BHIY 1¢(OPMUPOBAHUS KOMIIO3HTA, CICTYIOIIHE:

Ha rpann x = 1:

U, = 1073; Ty = Ty = 0.

311ECh U, — IEpEMEIIICHIE B HATIPABICHIH OCH X.

Ha ocTanpHBIX TrpaHsSX 3aafOTCs YCIIOBHS CHMMETPUU OTHOCHTENBEHO COOT-
BETCTBYIOIINX B IJIOCKOCTEH.

JI71s1 YMCIIEHHOTO aHaM3a METO/IOM KOHEUYHBIX 3JIEMEHTOB IMPUMEHEH MPOTpaMM-
He1i kKomiuteke ANSY'S. [l MozpempoBanus ucnonb3oBanu 3nemeHT SOLID 95 ¢ 20
y3/1aMH KOHEYHO-3/IeMeHTHas nmena 15436 snementos (puc. 3) [10].

Pucynok 3 — Cxema pazouenus KoHCTpyKiun Ha KO

ITocie 3aBepiieHns aHanaW3a B MOCTIPOIECCOPE BBIYMCISUINCH CPEIHUE 3HA-
YEHUS HANPSKEHUI:

:j‘j.oydydz; <ay>=jjaydxdz; (o-z>=j..1[0'zdxdy. (5)
00 00 00

Pe3ynbTaThl EPBOTO YUCIEHHOTO YKCIIEPHMEHTA ITO3BOJISIOT ONPENEIUTh Ha
OCHOBE COOTHOIICHUH (2) TpU yHpyrue XapaKTEpUCTHKH SKBHBAJIEHTHOTO Mare-

puaia
b11_<GX>. b =<O-y>. b =<O-Z>_ (6)

- B 21 > 31
(€] () (€]
YucneHHBIN aHATU3 MPEACTAaBUTECIILCKOTO obbeMa Ja€T BO3MOXXHOCTb HCCJIC-
J0BaTh €ro Hal'[pS[)KeHHO—I[e(I)OpMI/IpOBaHHOG COCTOAAHHMEC M OLCHUTH JIOKAJbHYIO
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KOHLIEHTpALMIO HanpsbkeHnil. Ha puc. 4 mpencraBieHbl pe3ysbTaThl AT IEPBOTO
YHCIIEHHOTO YKCIIEPUMEHTA.

159E+08 S
<175E+08

PucyHok 4 — Pe3ynbTaThl U1 IEPBOr0 YHCICHHOTO SKCIIEPHUMEHTA: ¢ — IIEPEMELICHUE
BJOJb OCH X IIPU 1, = 10°; -2 — pacrpe/ieNeHne HOPMATBHEIX HATIPSKEHHUIT 0y, 0y, 0.

Bropoii unciieHHbIi 3KCTIEpIMEHT MOAETHPYET OHOOCHOE 1e(hOPMHUPOBAHNE
B HampasieHuH ocH y. CpenHue 3HaUCHHS KOMIIOHEHTOB TEH30pa AehopMarun
TIPY 3TOM MMEIOT 3HAUCHHE

(8)=0; (5,)=107; (2)=0; (r,)=0; (7.)=0; (r.)=0. (7

Jljist CTPYKTYpHOTO aHajiu3a MpeICcTaBUTENbCKOr0 00beMa, PaHUYHBIE YCIIO-
BUSI, COOTBETCTBYIOIUE STOMY BUY e()OPMUPOBAHHS KOMIIO3UTA, SIBISIFOTCS Clie-
IYIOIINMH:

Ha rpanu y = 1:

u, = 1073; Ty =17, = 0.

371eCh Uy, — IEPEMENIICHNE B HAMIPABIEHUH OCH Y.

Ha ocTanpHBIX TpaHSX 3aJalOTCS YCIOBHS CHMMETPUH OTHOCUTEIBLHO COOT-
BETCTBYIONINX IUTOCKOCTeH. CpelHHE 3HAYCHUS HANPsHKCHUH BBIYMCISUTACH B
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TIOCTIIPOLECCOPE ITOCJIE 3aBEPIICHUSA aHAIM3a:
11 11
(0,)=[[o,dxdz;  (0.)={[o.dxdy. (8)
00 00

Pe3ynbpTaThl BTOPOr0 YHCIEHHOIO 3KCIEPUMEHTA MO3BOJISIOT ONPENeNUTh Ha
OCHOBE COOTHOIICHUH (2) clieAyIomue yIpyrue IoCTOsSHHBIE

b, = <ay> . = (o) ©)

() 7 )

Tperuil YUCIEHHBIM KCIEPUMEHT MOAEIUPYET CABUI MaTepvalla B IUIOCKO-
ctu xy. CpeqHne 3Ha4eHHUs KOMIIOHEHTOB TEH30pa Je(OpManuy Mpu 3TOM UMEIOT
3HAYCHHE!

(£,)=0; <6‘y>=0; (€,)=0; <7/n,>=10’3; <7ﬂ>:0; (r.)=0. (10)

Ha rpann x = 1:

u, =107 0,=17.=0.
Ha rpansx y =0, y =1:
u,=0; o0,=1,=0,

37eCh U, — IepeMelieHne TpaHu X = 1 B HANpaBIECHUU OCH ).

Ha rpann x = 0 mepemeneHne Bo BCeX HAIPaBIICHHUSAX PaBHO HYIIIO, Ha rpa-
HiX x = 1; z=0; z = 1 3agar0TCs YCIOBUSI CHMMETPHUH OTHOCHTEIHEHO COOTBETCT-
BYIOIIUX B INIOCKOCTEH.

INocne 3aBepIiueHUs aHaNIU3a B MOCTHPOLIECCOPE BEIYUCISUTMCH CPEAHHUE 3HA-
YeHHsl HaNpsDKCHUIL:

<Tx},> = jjrxydydz . 11

Pe3ynbTaThl TPETHETO YMCIEHHOTO SKCIEPHMEHTA TO3BOJISIIOT ONPEAETIUTh Ha
OCHOBE COOTHOMIECHNH (2) yIIpyTylo XapakTepHUCTUKY SKBHBAJIEHTHOTO MaTepHaia

(r.)
— i
b, = . (12)
<7Xy>
quBepTOG YHUCJIICHHOC UCCICAOBAHUEC MOACIHUPYET CABUI' MAaTEpUajia B IUIOC-
KOCTH )Z. CpCZ[HI/IC 3HAYCHUS KOMIIOHCHTOB TCH30pa Z[e(bOpMaL[I/II/I IIpyu 5TOM HUME-
0T 3HAYCHUC

(2.)=05 (5,)=0; (2)=05 (7,)=0; (r.)=10"; (r.)=0. (13)
Harpanunz=1:
u, = 103 o¢,=1,=0.
Harpansax y=0;y=1:
u,=107; 0,=1,=0,
3JIECh U, — TIEPEMEILEHUE I'PaHH z = | B HANIPABJIEHUH OCH Y.
Ha rpanu z = 0 mepemelilieHre BO BCeX HampaBJeHHsIX paBHO HYJIIO; Ha Tpa-
HiX x =0; x=1; z=1 3a7ga10TCs yCJIOBUS CUMMETPHUH OTHOCUTEIILHO COOTBETCT-
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BYIOLLMX IIJIOCKOCTEM.
ITocne 3aBepiieHUs aHaIM3a B MOCTIPOLECCOPE BBIUUCIUIMCH CPEIHHE 3HA-
YEHUS HANPSKEHUM

<z'yz> = j‘j.ryzdydx . (14)

Pe3ynbrarsl 4eTBEpPTOro YMCICHHOTO SKCHEPUMEHTA TTO3BOJISIIOT ONPENEIUTh Ha
OCHOBE COOTHOIIEHHH (2) YIPYTYIO0 XapaKTepHUCTHKY SKBUBAJICHTHOTO MaTepHraia

(2)
zy
by = . (15)
(72)
Jnst pereHns MpaKTHYECKUX 3a/1ad 4acTo HMCIONb3yeTcst 3akoH ['yka B mps-
Mo# (opme

(&) =[4]{c). (16)
rjie [4] — o6paTHas MaTpHIA YIPYruX MocTosHHBIX [4] = [B] .
Ha ocnoBe Mmatpunp! [4] onpexnenseM ynpyrue XapakTepUCTUKH CBOWCTBA,
BKJTIOYAsi MOJYJIM YIIPYyrocTH, Kod¢d¢uuuentsl [lyaccoHa 1 MOAyIu cIBUTa SKBU-
BaJIGHTHOTO MaTepuaia

j— 1 . p— 1 . — 1 .
=g azz_E_" U=
X y z
A%
»x Xy zx Xz zy yz
a., = = ;oa,=———=-— ;oa, = =
12 E 13 E E 23 E
y x z x z ¥
ny = b44 ) Gyz = bSS ) sz = béé : (17)
Tabmuma 1 — pacyer 3ppeKTHBHBIX YIPYTHUX HOCTOSIHHBIX
[TapameTp 3HaueHne Emarmma
H3MEpeHHs
E, 43840 MIla
Mopayns ynpyroctu E, 18050
E, 18050
Gy 4100 MIla
Mopnynb caBura G, 4900
G,, 4900
Koaddurment Yo 0,18 a

IIyaccona Yz 0,18
Y V.. 0,33

UYUncneHHbie pacyeTbl. MeXaHUUECKUE CBONCTBA MATPHUIIBI THUIIA SITOKCHITHO-
ro noiumepa cienyromue: £, = 4200 MIla; G,, = 1500 Mlla, v,, = 0,4, 1151 BoJIOK-
Ha ¢ MoxayieM ympyroctu E, = 74800 MIla; G, = 31000 MIla; koaddumument I1y-
accona v, = 0,2 [3,6].

Jlyist KoMITo3UTa C MOCTOSIHHBIM paguycoM 0 <7 <1 mis BomokHa K03 Guu-
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€HT 00BEMHOTO COZIEPKaHHS OTIPENEIACTCS U3 COOTHOIICHHUS (CM. pHC. 2):

1,
=—7r .
$=%

(18)

B Ta6n. 1 gans! ynpyrue coiictsa npu & = 0,636.

BriBoabl. Paspaborana mMeTonuka HaxoxaeHHs 3QQEKTUBHBIX YHOPYruX Xa-
PaKTEepHCTHK OAHOHAIIPABICHHO apPMUPOBAHHBIX BOJIOKHHCTBIX KOMIIO3UTOB.

brumn onpeneneHs! 3¢ GeKTHBHBIE yIIPyrHe CBOWCTBA CTEKJIOIUIACTHKH C HC-
MOJIb30BaHUEM IporpaMmHoro xkomiuiekca ANSYS. HMccnenoBanus mpoBOAMIHACEH
METOZOM KOHEYHBIX 3JIEMEHTOB.
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YucnenHass MeToauKa omnpenejenusi 3¢ ¢eKTHBHBIX XapaKTePHCTHK OJXHOHANPABJIEHHO
apmupoBaHHbIX Komno3uToB / C. lapus 3ane // Bicauk HTY «XIII». Cepis: IuHamika i MilHICTB
manmH. — X.: HTY «XTIIl», 2013. — Ne 58 (1031). — C. 71-77. — Bi6umiorp.: 10 Ha3B.

CTaTTs NPUCBSIYEHA JOCITIIKCHHIO e()eKTUBHUX XapaKTEPUCTHK OAHOHANPABICHHO apPMOBAHUX KOMIIO-
3uTiB. PesynpraTn otpuMani 3a qonomororo ITK ANSYS. B pesynbraTi 4ucenbHOTro IOCIIKEHHS Ha-
MPY’KEHOT0 CTaHy IPEeICTaBHHUIBKOI KOMIpKY OyJIH BH3Ha4YeHi e()eKTHBHI IPY’KHI BIACTHBOCTI OJHOHA-
PABJICHO aDMOBAHOTO KOMIIO3UTY.

K104oBi ci10Ba: oTHOHANPaBICHUI KOMIO3UT, €(DEKTUBHI MPYKHI BIACTUBOCTI.

This paper is devoted to the study of effective characteristics of unidirectionally reinforced composites.
The results were obtained using ANSYS software. As a result of numerical studies of stress state in a
representative cell were determined the effective elastic properties of unidirectionally reinforced com-
posite.

Keywords: unidirectional composite, effective elastic properties.
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