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Pedepar. CymecTByromue METOANKH pacyeTa TEMIIEPAaTypHbBIX HAMPSHKEHUI B COCTABHBIX CTEPXKHIX UMEIOT ONpeeIcHHbIC
HEJIOCTAaTKH. BaXKHOCTB 3THX pacyeToB CBsi3aHa ¢ 6€30IaCHOCTHIO U (P PEKTUBHOCTHIO TOJAOOHBIX HHXKEHEPHBIX KOHCTPYKIHH
B TaKUX OTpaciiX, KaK CTPOMTENIbCTBO, MAIIMHOCTPOEHUE, aBUalMd. B craThe mpeacTaBiieHO MCCIEAOBaHUE MOBEICHUS CO-
CTaBHBIX CTEPXHEH NpU TEMIEPaTypHOM BO3JEHCTBUH C yueToM AedopMaluu U3ruba U yCIOBHH BO3HMKHOBEHHUS] MaKCH-
MaJIBHBIX HOPMaJIbHBIX HanpspkeHui. [IpoaHann3upoBaHEl COCTABHBIE CTEP)KHH, COCTOSIINE U3 JBYX Pa3IMYHBIX METAIIOB,
CBapeHHBIX Mexay coboil. Pa3paboraHa meTomuka pacdera HOPMAaJbHBIX HANpPSDKCHUWH, y4YHThIBaromas (DU3MKO-MEXaHH-
YEeCKHE XapaKTEPHCTHKHU MAaTEpHANOB COCTaBHBIX YaCTel, TaKHe KaK MOJYJb YINPYroCTH M KO3()(HULUEHT TeMmepaTypHOro
JMHEWHOTO PaCIIMpeHUs. BBIIBICHBI COOCTBEHHBIE HEHTPANBHBIE CIOM KayKAOTO METAUIMIECKOTO CTEPIKHS, YTO ITO3BOJISET
0oJiee TOYHO ONPENIENUTE pacIipe/ieNICHue HaNPSHKEHUH B COCTABHBIX CTEPXKHSX. [IpUBe/IeH NpHMep aHAIUTHYECKOTO pacuera
HOPMaJIbHBIX HAINPsHKEHHH, BOSHUKAIOLIMX B CTEPIKHE, COCTOSIIEM M3 CTAIBHOM U aFOMUHKEBOH yacTei. [locTpoeHs! ammops
HOPMAJIbHBIX HANpsDKEHUH 10 BBICOTE COCTaBHBIX cTepxHed. JlomomuurensHo Obu1 mpoBeneH MKD-anamu3 cocTaBHOTO
CTEpIKHS NIPU TEMIIEPATYPHOM BO3ICHCTBUH, peaan3oBaHHbIA ¢ momoibio [IK Ansys 2023 R2. Pe3ynsTaThl YMCICHHOTO HC-
CJICIOBAHMS C BBICOKOH TOYHOCTBIO MOATBEPIMIH JAHHBIE, IIOJyYeHHbIE TECOPETHIECKUM ITyTeM. Pe3ynbTaTsl MpoBeaeHHOTO
UCCIIeIOBaHNsl UMEIOT Ba)KHOE 3HAUCHHE ISl NMPAaKTHYECKOTO MCIOJb30BAHUS MPU MPOEKTUPOBAHUU U KOHCTPYHPOBAHHU
MoJO00HBIX COCTAaBHBIX KOHCTPYKIMH, oOecrieunBasi HIbKEHepaM OoJiee TOUYHBIC JAHHBIC IS aHAIHM3a BIVSIHUS TEeMIICpaTyp-
HBIX HAaNPSDKEHUI.
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Normal Stresses with Temperature Bending of Composite Rod
A. 1. Dudjak”, V. M. Khvasko"
DBelarusian National Technical University (Minsk, Republic of Belarus)

Abstract. Existing methods for calculating temperature stresses in composite rods have certain disadvantages. The importance
of such calculations is related to the safety and efficiency of similar engineering structures in various industries such as
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construction, mechanical engineering and aviation. The paper presents a study of the behavior of composite rods under ther-
mal loading, taking into account bending deformation and the conditions leading to maximum normal stresses. Composite
rods consisting of two different metals welded together have been analyzed. A methodology for calculating normal stresses
has been developed that takes into account the physical and mechanical characteristics of the materials of the component
parts, such as the modulus of elasticity and coefficient of linear thermal expansion. The intrinsic neutral layers of each metal
rod have been identified, which makes it possible to more accurately determine the stress distribution in the composite rods.
An example of the analytical calculation of normal stresses occurring in a rod composed of steel and aluminum parts is pro-
vided. Diagrams of normal stresses along the height of the composite rods were constructed. Additionally, a FEM analysis
of the composite rod under temperature influence was carried out while using Ansys 2023 R2 software. The results of
the nume-rical study confirmed with high accuracy the data obtained theoretically. The outcomes of this study are crucial
for practical applications in the design and construction of such composite structures, providing engineers with more accurate
data for analyzing the influence of thermal stresses.

Keywords: composite rod, temperature bending, normal stress, bending moment, modulus of elasticity, neutral layer, stress
diagram, finite element method (FEM)
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BBenenue

N3yueHue noOBEACHMS COCTABHBIX CTEpIKHEH
IpU HarpeBe NpECTaBisieT co00il BaxHyIO 3ala-
4y, UMEIOIYI0 IPUMEHEHUE B UHXKEHEPHOU IIpaK-
Tuke. OJHUM M3 KIIOYEBBIX ACHEKTOB SBIAETCS
aHaJIN3 MAaKCHUMAaJbHBIX HOPMAJIBHBIX HaIpsiKe-
HUU, BO3HUKAIOUIUX B COCTAaBHOM CTEpXKHE B pe-
3yJbTaTe BO3JEHCTBHS TEMIIEPATYPHOTO HAarpeBa
¥ OJHOBPEMEHHOIO BO3HHUKHOBEHHS IehOopMaLuu
u3ruoa.

B pabotax [1, 2] mpencraBneHbsl 0a30BbIe CBe-
JEHUsI O TPOYHOCTH M YCTOMYMBOCTU COCTaB-
HBbIX KOHCTPYKLUMH, OJHAKO 3TH METOAUKU UMEIOT
OIpEeIeTICHHbIE OTrpaHUYeHUs. PaccMOTpeHa y3Kas
1oJIoca MpU paBHOMEPHOM HarpeBe OT TeMIepa-
TYpBL #) JO ¢, COCTAaBICHHAs U3 ABYX Pa3IU4HBIX
METaJUIOB (MOIYJH TPOJOJIBHON ympyroctu £,
U E, COOTBETCTBEHHO), CBapEHHBIX MEXAY COOOi
(puc. 1). Ecnu k03 hunuenTs! TMHEHHOTO pacilu-
peHMsS 3THUX METAIOB Pa3lIM4YHBL (o, >a,), TO

Harpes 6y,Z[GT COIMPOBOXAATHCA M3THOOM TTOJIOCHL.

a

Ey, o

B pacuerax mpuHHMManach IIMPHHA IOJIOCHI, PaB-
Has eJUHHUIIE.
Jns mpocreiimero ciaydas, korga E =E, =E

h
uh=h =~ » PEACTABIICHa CIleAYIomas popmyna

JUTSL OTIpeNieTICHUs] HOPMAaIbHBIX HANPsKEHUH, BO3-
HUKAIOIINX B OMMETAIUTNYECKON IIOJIOCE:

o )(t=1y). (1)

Pacnpenenenne HOpMabHBIX HANpPSDKEHUN 10
MIOTIEPEYHOMY CEUEHHI0 OMMETAJUTMYECKOW MOJIO-
CBI JIJIsl TAKOTO CITy4asi MOKa3aHo Ha puc. 2.

Kak BumgHO W3 puc. 2, pacmpeneneHnue Hamps-
JKEHUH MO BBICOTE CEYCHMSI HOCUT JIMHEHHBIM Xa-
pakTep, ¥ OHH JOCTHTAIOT MaKCHMaJbHBIX 3Hade-
HUU B 30HE KOHTaKTa MOBepXHOCTeil moioc. [Ipu
TaKOM CIoco0e COSAMHECHUS METAJUIOB HE YUTEHBI
YCIIOBUSI BO3HHKHOBEHUS KacaTeJIbHBIX HarpsKe-
HHH BOJIM3HM 30HBI KOHTAKTa METAJLIOB [3], 4TO sIB-
JISIETCSl CYIIECTBEHHBIM HEJIOCTAaTKOM H3JI0KEHHOM
METOIMKH.

1
(¢} ZEE((XZ_

max

| =~

E>, 0

N =

///

b=1

Puc. 1. bumertannuyeckas mojoca:
a— cXeMa IMOJIOCHI U3 JIBYX Pa3InUuHbIM METAIUIOB; b — MOMEPEYHOE CCUCHUE TOJIOCHI

Fig. 1. Bimetal strip: a — diagram of strip of two different metals; b — cross section of strip
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o | =

N | =

Puc. 2. PacnipenienieHre HOPMAIBHBIX HAPSDKCHUIN 110 CEUCHUIO OMMETAIUTMICCKON TTOJIOCHT

Fig. 2. Distribution of normal stresses over cross section of bimetal strip

Kpome Ttoro, B pacuerax mojocy U3 IByX Me-
TaJUIOB PAacCMAaTPHUBAIOT KaK €IWHOE IIeNioe, MMe-
IOLIYI0 pauyc KPUBU3HBI p, TO €CTh CBapKa Co-
CTaBHBIX YaCTEH JOJKHA MPOU3BOJUTHLCS MO BCEU
JuinHe OOKOBBIX TOBepXxHOCTel. OmHaKko pac-
MpeesicHue HOPMANBHBIX HaNpshKeHUH (puc. 2)
MMOKAa3bIBACT, YTO KaXKIbIM METaJIMYCCKUM CJI0H
MOJIOCKI ~MMEET COOCTBCHHBIM  HEUTpaTbHBINA
croit [4].

Taxkum 006pazoM, HECMOTPS Ha CYIIECTBYIOIINE
HCCJICIOBAaHUs, OCTaeTCsI HEOOXOAMMOCTh B Jallb-
HelIeM aHanmu3e ¥ yTOYHeHUH GopMyl 1uist Oolee
TOYHOTO OIMCAHUS PACTIPEICICHUS HAIPSKCHUI
B COCTaBHBIX CTepXKHSIX. B maHHOW paboTe MBI
npemioxkuM Oojiee TOYHYI0 METOIUKY pacdeTa
HOPMAJIbHBIX HANPS>KEHUN B COCTaBHBIX CTEPIKHIX
MpH UX TEMIIEpaTypHOM HarpeBe. Y IeTuM 0coboe
BHUMAHHE BOIPOCY 3aKPEIUICHHs] COCTAaBHBIX 4Ya-
CTeH CTepKHEH MEXITy COO0W M WX COOTBETCTBHUIO
TeopeTuyeckuM mojensiM. Kpome Toro, nmposegem
MKD3-ananu3 sl TOATBEPXKACHUS IOJYICHHBIX

TeopeTuyeckue uccaer0BaHUA
HOPMAJIbHBIX HANIPSIZKEHU

PaccmoTpuM cocTaBHOM CTEp)KEHb, JIEKaIIUA
CBOOOZHO Ha JBYX IIApHUPHBIX omopax (puc. 3).
O603HaYM MOAYJIHM MPOAOIBHON  YIPYTOCTH
BEpXHEH U HIKHEW YacTel cTepxkHs £ u E, cooT-
BETCTBEHHO, UIMPUHY CEUEHHS CTEPKHS b, BBICOTY
BEpXHEH 1 HIDKHEH yacTel CTep)kKHS ¢, d COOTBET-
ctBeHHO. [Ipu TemmeparypHOU AedopManiy AaH-
HOTO CTEPXHsI BOCIIOJIb3YEMCs THIIOTE30M, coriac-
HO KOTOpPOW IUIOCKHE CeYeHHs A0 AedopMariu
OCTAIOTCS TUIOCKUMH H TTociie Hee [5].

Ecmu mpunATh, uTO0 KO3(h(GUIHEHT TeMmIepa-
TYPHOTO JJMHEHHOIO PAaCIIUPEHUs o, > o, TO IPH

HarpeBe TaKOro COCTABHOI'O CTEP)KHS OT Hadallb-
HOM TeMIieparypsl #, 10 KOHEYHOH ¢ U3rH0 BepxHe-
T0 W HIDKHETO CTepXKHEH OyIeT IMPOUCXOIUThH BHI-
MYKJIOCThIO BHU3, a HA UX TOPIaX BO3HUKHYT OJU-
HAKOBBIE wu3rubaromye MoMeHTHl AM,. IloaHbli
MU3rU0a0MUH MOMEHT M, MOXHO MPEICTaBUTh KaK
CyMMY H3THOQIONTNX MOMEHTOB, JCHCTBYIOIIHNX HA
BepxHU#t (M) u HWKHUHN (M,) CTepKHU:

Ppe3yJIbTaTOB U OLIEHKH UX TOYHOCTH. M, =M, +M,. 2)
a b
y y
. \\\\\\\x\ 4
wy P v D)«
4 B D //////
t%&\ !
Puc. 3. CocTaBHOM CTEpKEHb Ha ABYX OLOpAX:
a— cXeMa COeJMHEHMS COCTaBHBIX YAaCTEH CTEPXKH:; b — [ONepeyHOe CeUCHHE CTEPIKHS
Fig. 3. Composite rod on two supports: a — connection diagram of rod parts; b — cross section of rod
H
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B cBs13u ¢ TeM, 4TO YTIJIbI HOBOPOTA OTAEIBHBIX
yactel OyIyT paBHBI MEXIy co00MH, popMynbl s
OIIPE/IENIEHNs] COCTABIISIONIMX H3rHOAOIUX MO-
MEHTOB MO’KHO IPEJICTABUTH B BUIE:

El E, I
M =M Txl . M.=M 27 x2 3
1 u (EIX)C s 2 u (EIX)C s ( )

rne I, 1., — MOMEHTBI HHEPLIUU COCTABHBIX Ya-

CTEN CTepKHS; (EIX) — CyMMapHas XeCTKOCTh

c
CEYECHUs COCTABHOI'O CTEPKHA [6].

[lpy HarpeBe OWMETAIIIMYECKOTO CTEPIKHS
BEPXHAS €ro 4acTh Oy/eT YIJIMHATHCA 33 CHET BO3-
JIVCTBHS HA Hee HIKHEH ero YacTH ¢ OOJBIINM KO-
3pdurreHToM TeMIepaTypHOTO PACIIUPEHUS O,

a HWKHAS YacTh OyIeT ykopauuBarbes. Bemen-
CTBHE TOTO YTO K CTEP)KHIO HE MPUIIOKEHBI BHEII-
HUE CWJIbl, BO3HUKAIOUIME BHYTPEHHHE CHIBI N,
U N, JOIKHBI YpaBHOBELIMBATH APYT OpYyTa, TO
ectb N,=N,=N.

Panee B pabote [7] moxy4eHO COOTHOUICHHE,
CBSI3BIBAIOLICE MOJHBIM H3rMOAIOIUIl MOMEHT C
MPOJIOJIBHON CUIIOH:

M, = ! N d 4
T (c+d). 4

C ydyeroM coBMecTHOCTH AehopManuii OT TeM-
MepaTypHOro Harpesa, M3ruba M OCeBOro BO3JEH-
CTBHUSI Ha BEPXHIOIO M HIDKHIOIO YacTH CTEP)KHA B

30HE KOHTaKTa METaJUIOB 3HaueHue cuibl N Oynaer
paBHo [7]

o, —oy )(E—1¢
N = ( 2 1)( 0) - (5)
1 1 (c+d)
+ +
E4  E4, 4(E1x )c

HopMmanpHble HampspkeHHS B COCTAaBHBIX 4Ya-
CTSIX CTEPXKHS OMPEeIIIoT U3 GOopMyII:

N M
G, =—x—Ly; 6
1 41, i (6)
N M
c,=——+*—2y,, 7
2 41, %) (7N

Tac yi, Y» — OpAUHATBI TOYCK, B KOTOPBIX OIpEaAc-
JIAKOTCA HOPpMAJIbHBIC HAIPSAXKCHUS.
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Ipumep aHaIMTHYECKOTO pacyeTa

TpeOyercst uccnenoBarh pacrpenesieHue HOp-
MaJIBHBIX HaHpH)KeHI/Iﬁ 10 BBICOTE CCUCHUA
CTEePKHsI, COCTABJICHHOTO M3 CTAJbHOW W aJIlOMU-
HHEBOH gacTei, moka3aHHoTo Ha puc. 3. CTepkeHb
HArpeBaeTcsi OT HAYalbHON TeMIeparypsl f, =
=20°C g0 xoneunoit t=70°C. IIpurumaem

KO3(1)(1)I/ILII/ICHTLI JIMHEHHOTO pacmiupCHud: OJjis CTa-

s 1
m oo, =1,2-10 3 , a I aiOMUHHUS O, =

rpan

1
rpan

=2,3-10" Moxyan TponoNBHON ympyro-

CTH: I cramu k| =2-10° Mlla, mog amroMu-

wus E,=0,71-10° MIla. Ilupuna cransHoi u
aJIOMHUHHEBOH yacteil b = 50 MM, BBICOTHI 00€HX
yactel paBHBI ¢ =d = h = 30 mm.

OmnpenenvM BHYTPEHHHE CHJIBI OT Harpesa
B CTaJbHOM M AIIOMHUHHEBOH YacTsX B COOTBET-
ctBuU ¢ hopmyoi (5)

N = (o — o )(t=1y)
1 1 h?
+ +
E 4, E,A, (EI, )c

B namewm cnyuae:

4 = 4, =bh=50-30=1,5-10° (mm’);

h3 . 3
=1, =2 50305500 (mn*).
’ 12 12
IToxcraBuB BenuuuHbl Ay, A>, I, U 15, BEIUHC-
JIUM BHYTPEHHUE CUJIBL:

(2,3-10° -1,2:10°)(70-20)
N = I I -

+ +
2:10°-1,5-10° 0,71-10°-1,5-10°

(2,3:10° -1,2:107)(70-20)
- 302 B

(2-105 +0,71-105)-112500

+

= 13019,82 (H).
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[TonHpIM M3ruOarOUMi MOMEHT, COIJIACHO BbI-
paxenuto (4), Oyaer paBeH

M, =Nh=13019,82-30=390594,6 (H - mm).

B coorBerctBuu ¢ popmynamu (3) BBIYUCIAM
BEJIMYMHBl H3rMOAIOIMX MOMEHTOB, HEHCTBYIO-
KX Ha cTajbHylo (M)) n amromuHueByto (M,) ya-
CTH CTEPKHSI:

El

1% x1
= =

u (E[x )c

2-10° -112500 _
(2:10°+0,71-10°) 112500

=390594,6-

=288261,7 (H-mm);

E21x2
2 = —_—

“(EL),

0,71-10° -112500 ~
(2:10°+0,71-10°) 112500

=390594,6-

=102332,9 (H - mm).

Ha pI/IC. 4 HpI/IBe,I[eHO HonepeIIHoe CCUCHHUEC CO-
CTaBHOT'O CTCp)KHH U TOYKH, B KOTOpLIX 6y):[yT
or[pez[eneHLI BCIINYUHBI HOpMaJ'II)HBIX Hanpsmce-
HUH.

a b
Y 29,76

El, (0%

V/// //A §4,96

b o, Mlla

Puc. 4. Pacnipenenenue HOpMalbHbIX HAaIPSHKEHUH
IO BBICOTE COCTABHOI'O CEUCHHS:
a — cXeMa [OIePEeYHOro CeUCHHMS;
b — sIropa HOpMaJIBHBIX HAIPSHKCHUH

Fig. 4. Distribution of normal stresses along height
of composite section:
a — cross section scheme;
b — normal stresses diagram

HopmanbHble HampsbkeHHs, coryiacHO (opmy-
nam (6), B Toukax A u B OyayT paBHBI:

Hayka
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" 7
W //A 22,32 47,11

N M, h_13019,82 288261,7 152
A

. I, 2 1500 112500
=-29,76 (Mlla);
N M, h 13019,82 288261,7
Op=—"+t—"—= + 15=
A I, 2 1500 112500

=47,11 (MITa).

BrruuciuMm HOpMaslbHBIE HANPSDKEHUS B TOY-
kax C u D, coriacHO BeIpaKkeHUIM (7):

Cc = =

__13019,82  102332,9 15=-22,32 (MIla);
1500 112500

N M, h
GD = 4= .=
A2 Ix2 2
:_13019:82+102332’9.15:4,96 (MITa).

1500 112500

Ilo mosyyeHHBIM AaHHBIM TMOCTPOEHA 3MIOpa
pacipeneneHuss HOpMaJbHbIX HANPSDKEHUH 0 BbI-
COTE CEUEHUS COCTABHOTO CTepkHsI (puc. 4b).

MK?DJ-anajau3 HOpMAJIbHBIX HANIPSIAKEHUI

st moATBEpkKACHHUSI TEOPETUIECKUX UCCIIE0-
BaHWI TPOBENICH pacyeT HOPMAJbHBIX HaIlpsbKe-
HAW TIpH HAarpeBe COCTABHOTO CTEpKHS (pHcC. 3)
METOJ0M KOHEUHBIX dneMeHToB (MKD), peamuso-
BaHHOTO ¢ Tomotsio [IK Ansys 2023 R2 [8-10].

CwmonennpoBan crepxkeHb anuHor 1000 MM,
COCTOSIIMA M3 OAMHAKOBBIX CTaibHOM (Structu-
ral Steel) n amomunuesor (Aluminum Alloy) ua-
CTell TPSMOYTOJILHOTO IOMEPEYHOr0 CEYeHHs ¢
3aJaHHBIMU pazmepamu: b = 50 mm, £ = 30 MM
(puc. 5) U HEOOXOAMMBIMH MEXaHUYECKUMH Xa-
pakTepuctukamu (puc. 6). 3aTeM 3aJaHbl yCIOBUS
3akperiennst crepxkHs (4 — Fixed Support, B —
Displacement) (puc. 7) u ycnoBus TeMmIeparyp-
Horo HarpeBa oT 20 mo 70 °C (Thermal Condi-
tion) (puc. 8).

JIns omacHOro CedYeHus, INPOXOJSIIEro dYe-
pe3 IEeHTP Macc COCTABHOTO CTEPI)KHS, OBLIH OI-
peneseHbl BEIMYMHBI HOPMAJIBHBIX HANpsKe-
HuUl (puc. 9).
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Puc. 5. MonenupoBaHue 4acTe COCTABHOTO CTEPIKHS

Fig. 5. Modeling parts of composite rod

@) Structural Steel &

Fatigue Data at zero mean stress comes from 1998 ASME BPV Code, Section 8, Div 2, Table 5-110.1

Density 7.85e-09 tonne/mm®

Structural v

¥ Isotropic Elasticity
Derive from
Young's Modulus
Poisson's Ratio
Bulk Modulus
Shear Modulus

Isotropic Secant Coefficient of Thermal Expansion

Compressive Ultimate Strength
Compressive Yield Strength

@ Aluminum Alloy

Young's Modulus and Poisson's Ratio
2e+05 MPa
03
1.6667e+05 MPa
76923 MPa
1.2e-05 1/°C
0 MPa
250 MPa

General aluminum alloy. Fatigue properties come from MIL-HDBK-5H, page 3-277.

Density

2.77e-09 tonne/mm’

Structural v

W Isotropic Elasticity
Derive from
Young's Modulus
Poisson's Ratio
Bulk Modulus
Shear Modulus

Isotropic Secant Coefficient of Thermal Expansion

Compressive Ultimate Strength
Compressive Yield Strength

Young's Modulus and Poisson's Ratio
71000 MPa
0.33
69608 MPa
26692 MPa
23e-05 1/°C
0 MPa
280 MPa

Puc. 6. Mexanndeckre XapaKTepHCTHKN MaT€PUalOB COCTABHBIX YacTel CTEPIKHS

Fig. 6. Mechanical material characteristics of rod parts
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Puc. 7. Ycnosus 3aKpeIieHUs. COCTaBHOTO CTEPIKHS

Fig. 7. Conditions for fastening a composite rod
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Fig. 8. Temperature heating conditions for a composite rod
CpaBHUTENBHBII aHATU3 Pe3yJIbTATOB

ComocTaBiuM pe3ysibTaThl TEOPETHUYECKOTO pacdeTa C MAaHHBIMU, MOJYYCHHBIMH B pe3yjbTare
MKD-ananu3a (tadm. 1).

Tabauya 1
Table 1
HopmanbHble HanpsHKEHHS
CoCTaBHOM CTEPIKEHD CeueHue ITorpeurnoctsb, %
P Teoperuyeckoe MKD-pacuer, MiTa rp o
3HaueHue, Mlla
A -29,76 -30,177 1,40
Cranb (Structural Steel)
B 47,11 47,532 0,90
C -22,32 -22.461 0,63
Amomunnii (Aluminum Alloy)
D 4,96 5,114 3,11
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Fig. 9. Distribution of normal stresses in a dangerous section of a composite rod

BbIBO/IbI

1. IlpennoskeHbl COOTHOIIECHUS sl OMpe/ee-
HUS BEJIMYMHBI U3THOAIOIIETO MOMEHTA, JCUCTBY-
FOIIETO HA COCTABHOU CTEP)KEHb, U (HOPMYIBI IS
OTIpEIETICHUS] COCTABISIONINX HM3THOAIONINX MO-
MEHTOB, JIEHCTBYIOIINX Ha OTHAEIBbHBIE YacTH CO-
CTaBHOTO CTEPIKHS.

2. IlomyuyeHbl BBIpRXEHUS IJSI OMpEIeNeHUs
HOPMaJIbHBIX HANpsSHKEHUH B OTIENBHBIX YacTIX
CTEPXKHS C YYETOM MEXaHHUYECKUX XapPaKTCPUCTHK
€ro MaTepHasoB. Y CTAaHOBIEHO, YTO B KaXJOM CO-
CTaBHOM CTep)KHE HOpPMallbHbIC HAINpPSHKEHUS W3-
MEHSIOTCSA TIO0 JIMHEWHOMY 3aKOHY, NpHU 3TOM
CTepXKHH UMEIOT HEUTpabHBIE CIIOH.

3. IIpoBeger MKD-aHann3 cOCTaBHOTO CTEPK-
Ha ¢ ucnonp3oBanueM 11K Ansys 2023 R2. [Tomy-

112

YEHHBIE pPEe3yJIbTaThl C BBICOKOM TOYHOCTBIO IMOJ-
TBEP>KJAIOT JOCTOBEPHOCTh TEOPETHYECKHUX UC-
CJIEJOBAHNN TEMIEPATYpHBIX HANps KEHHUH, BO3-
HUKAIOIIUX IPU M3THOE CTEPKHS, COCTaBJICHHOTO
13 CTAJILHOM U aJllOMUHHUEBOM YacTEH.
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