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ONTUMU3ALUA BHYTPEHHEW CTPYKTYPbI
®YHKUNOHAIbHO-TPAOUEHTHOIO CTEPXHA
B 3AOAYAX YCTONYNBOCTHU

OnTuMM3aumsa BHYTPEHHEW CTPYKTYypbl LIAPHUPHO onepToro (yHKLUUOHAarNbHO-
rpagvueHTHOro ABYXKOMMOHEHTHOIO CTEPXHA B 3afayve yCTOMYMBOCTM NMPOBOAUTCS
Ha OCHOBe MeToAa romoreHusauum. LleneBasa cdyHKUMA — pacnpepeneHne BeNUYUH
BK/TIOYEHUA NO p[AJNIMHE CTEepPXHA HaxoAUTCS B Kracce KyCO4YHO-HenpepbIBHbIX
yHKUMA. PaccMOTpEeHHbIN NpuMep nokasan yBerM4YeHUe KPUTUYECKOW Harpysku
Ha 20% no cpaBHEHUIO CO CTEPXKHEM PErysIiPHON CTPYKTYpbl.

Knroyesnie croea: @yHKYyUOHaNbHO-epadUeHMHbIU CMmepXeHb, (YHKYUOHaIbHO-
2padueHmHbIll Mamepuarl, 8KIYeHuUe, ycmolyugocms, 20Mo2eHU3auusl, onmuMu3ayust.

BBepeHue. [Ins pacyeTa KOHCTPYKUMIN 13 OYHKLMOHANbHO-TpagnueHTHoro
maTepuana (M), kak npaBuno, NPUMEHSAOT PasnnyHble BapuaHTbl MeToabl
KOHe4HbIx anemeHToB (MK3) [3]. Ho onTuMun3auus BHYTpEHHeEN CTPYKTYpbI
®I'M ¢ nomowbio MKD BbI3bIBaeT 3HaAUMTENMbHbIE BbIYUCAUTENBHbLIE TPYA-
HOCTM, NOCKOMNbKYy TpebyeT GonbLUMX Cepui pelleHuin npsMbix 3agad. [Ans
perynsipHbIX KOMMNO3uUTOB anbTepHaTmBon MK3 cnyxut meTton romoreHusa-
uun [2]. B 3agayax ycTOMYMBOCTM 3TOT MeToa npumensancsa B [4]. B [1] ona
pacueTta v ontummusaumun O KOHCTPYKUMIA BbiNa npeanoxeHa Mmoaudukaums
MeToAda roMoreHmsauum, Hwke ata Moaudurkaumsa npuMeHsieTcs And onTu-
MU3aLun BHyTpeHHeln cTpykTypbl ®I'M cTepkHsA B 3agadax yCTONYMBOCTM.

MocTtaHoBKa 3apgaun. B kavectBe npumepa ontumunsaumm ®I'M KoHCT-
PYKLMU paccMoTpuMm 3agady yctondmsocTn O 4BYXKOMMNOHEHTHOrO CTEepX-
HS C BKIMIOYEHUSIMU NepeMeHHON BENUYMHbI (puc. 1).
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Puc. 1 — @I AByXKOMNOHEHTHbIA CTEPXKEHb:
l = const — war mexay BKNIOYEHUSAMM; A = const — ANVHA BKITIOYEHWUS;

X; — KOOpAWHATa j-ro BKN4YeHus, 1 < i < n, n — KONIMYECTBO BKITIOYEHUN;
V(X;) — 06b€M i-ro BknoyeHus; P — cxxumarowme ycunusi
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Mogayrib ynpyroctv ABYXKOMMOHEHTHOMO CTepXHS! (puc. 1) NpeacTaBsum B Buae

E=E, (1 + k® (g))

roe E,, v E, — moaynu ynpyroctu marepuana matpuubl U BKIHOYEHWUN;
k=E,/E,, x=X/L; k = k(x) onpefensieT 3akOH W3MEHEHWsI BENMYUHbI
BKIIOYEHWI 1 NpeacTaBnseT cobow Lenesyo yHKUMIO B 3agade onTuMm3a-
umMm cTpyktypbl ©IM; ®(x/e) — nepuoandeckas YHKUUS C Mepuoaom
e =(l+A)/L, npn aTOM, KaK NpaBurio, Ha NPaKTVKe YNCNO BKIOYEHUA Be-
NVKO, No3aToMy € K 1.

YCTaHOBMM MHTEpBan BO3MOXHbIX W3MEHEHWN LeneBon yHKuun
k = k(x). O4eBMaHO, YTO ecnn mMaTepuan BKIKOYEHUI Gonee XKeCTKU, Yem
mMaTepuan matpuubl, To k(x) = 0; ecnu MeHee XXEeCTKWA UIU BKMOYEHUs
npepacTaBnsaoT cobor nonoctu, Tok(x) < 0. Ycnosue k(x;) = 0 o3HavaeT,
4YTO j-e BKIHOYEHMEe OTCYTCTBYeT. B ganbHenwem orpaHuyumMmcs criyvyaem
k(x) = 0. Torga B kayecTBe BepXHEW rpaHuLbl MHTepBana uameHeHus k(x)
MOXHO NPUHATb 3HaYeHue K, ., NP1 KOTOPOM BO3MOXHa NoKanbHas, Mexay
BKITIOYEHUAMMU, NOTEPSA YCTONYMBOCTM CTEPXKHSI.

PaccmMoTpum WapHWpHO 3akpennéHHbin O ABYXKOMMOHEHTHbIN CTep-
XeHb, CKUMaeMbI cunamm P, NpunoXeHHbiMu K ero koHuam (puc.1). Orpa-
HUYNMCHA pacCMOTpeHneM Marnbix AedopMaLmin u uccnegyem yCTomdmBoCTb,
NpUMeEHas cTaTuyecku meTton Junepa, ocTaBadACb B paMKax NUHENHOW
Teopuu ynpyroctu. [Ins BbIMUCNIEHUS MUHUMANBHOTO 3HAYEHWSA KPUTUHECKOWN
CUnbl NOTEPU YCTOMYMBOCTU UCMOMb3yeM BapuauWOHHbIA NpuHUMN Panes.
Kpome TOro, npumem, 4to paccmaTpvBaemble pacnpegeneHvs ynpasnsio-
wen dyHKUMiA k(x) CMMMETPUYHBI OTHOCUTENBHO TOYKM X = 1/2.

MeTopa pelueHus. 3anuiieM OCHOBHbIE COOTHOLLIEHVS 3aa4M onTUMarb-
HOro pacrnpefneneHvs BenNUUYUHbI BKMoYeHUn k = k(x) No AnuHe CTepXHs,
o6ecrneymBaloLLeEro MakCUMmU3aLmMo CUMbl NOTEPU YCTOMYMBOCTU P:

Uy, + a tpu = 0; (1)
u(0) =u(1) =0; )
folk(x) dx=V; p-max,, (3)

roe u(x) — OTKJIOHeHune I/I3OFHyTOI7I OCU CTEPXHSA OT NUHUN OENCTBUS CXU-

marowmx cur; a(x) = (1 + k(x)® (f)), p = P/E,,I, I — MOMEHT uHepLuu

NONepPeYHOro CeYeHUs CTePXHS; IV — cyMMapHbI 06 beM BKIHOYEHWN.
Ons € K1 3agayy (1) — (3) MOXHO yNpOCTUTb C MOMOLLLIO MEeTOAa ABY-
MepHoW romoreHusaumu [1].
Cnenyst MeTogy roMOreH13auum, BBeem B pacCMOTPEHME NEPEMEHHYHO
X

§=2 @)

’
&
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KoTopyto Byaem cuuTaTh HE3aBUCUMOWM OT X, Toraa onepatop auddepeHLn-
pOBaHWA 3anULIETCH B BUaE

(e = Gy + G (5)

Mporné u n cobcTBeHHOE 3HaveHue P npeactasuM B BUAE acUMMITOTU-
YECKUX PasnoXeHu

u= ;?:0 gn un(x' E)' p= Z;LO:O gn Pn» (6)

roe us(x, &), s =0,1,2,... — nepmogudeckme no ¢ yHKLMN C NEPUOOOM E.
Moactasum BblpaxeHus (5) — (6) B ypaBHeHue (1) u nposedemMm ero
acuUMNTOTUYECKOe pacluenneHne no creneHsMm e. B pesynbTate C yv4eTom
rpaHNYHbIX yCrioBum (2) nony4aem
Uy = Up(x); uy =u(x);

Ugge T Ugyy T a='(x,&)pouy = 0. (7)

MpouHTerpupyem no ¢ ot 0 go 1 ypaBHeHue (7) ¢ y4eTOM NepuUoANYHO-
cTu no ¢ cocTaensitoLein pasnoxenus u, (x, £).B pesynbTaTe 3agayvy makcu-
MU3aLUN Curbl NOTEPU YCTOMYMBOCTU AN HYNEBOro NPUBMMKEHUS MOXHO
3anucaTb B Buae

Ugyx + Po@ Uy = 0; (8)
uy(0) = uy(1) = 0; )
[ k() dx =V; p, - max,;, (10)

- -1
rae a(x) = ( [H(1+ k()o©) 1d§) .
3apava Ha cobCcTBEHHbIE 3HaYeHus (8), (9) onncbiBaeT NoTepro yCcTon4n-
BOCTU roMoreHusmpoBaHHoro @I ABYXKOMMOHEHTHOro cTepxHs (puc.1) y
KOTOPOro >XeCTKOCTW BKMIOYEHU HenpepbiBHbIM 06pa3oM pacnpeneneHsl no
BCEWN ANUHE CTEPXHS COrNacHO 3aKOHY U3MEHEHUS BEMNWYUHBI BKITIOYEHUI.
MonyyeHune ycrosua ctaumoHapHocTu Ans 3agayn (8) — (10) ocHoBbiBa-
€TCA Ha CTaHOapTHbIX paccMOTpeHusx [5]. YMHoxas ypaBHeHue (8) Ha u, U
WHTErpupys € y4eTOM rpaHn4HbIX ycrosui (9), nonyvaem oTHolleHue Panes

f01 ud,dx

- 5 -
—12
fo a”tugdx

Po = (11)

M3 oTHoweHus (11) cnegyeT, YTO HauMmeHbllee COOCTBEHHOE 4YUCNO
ypaBHeHus (8) paBHO MUHUMYMY PyHKLIMOHaNa

1
po = J, ubxdx (12)
npwv JOMONHUTENbHOM YCIOBUU

J) e ' uddx = 1. (13)
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CocTtaBnsem paclumpeHHbld yHKUMoHan Jlarpamxa, nNpuUcoeauHas K
dyHKkumoHany (12) orpaHndenus (10), (13) ¢ noMoLLblO MHOXUTENEN A4, A,

J = [ udedx + 24 (J) a ubdx — 1) + 2, (f k(x) dx = V). (14)

MpupaBHMBas BblpaxkeHWe AN nepsow Bapuauun 6 = 0, obycnosnen-
HOW BapbUpOBaHWEM MEepeMeHHON MnpoekTupoBaHus k(x), nonyyaem ycro-
BME CTaLMOHapHOCTMN

ug = da’ay’, (15)

roe A=24,/4,.

YueT ycnosus ctaumoHapHocTu (15) npuBoAUT K KOPPEKTHOWN KpaeBow
3apade, koTopasi MO3BOMSIET OMPefenuTb MEPEMEHHYID MNPOEKTUPOBaHMS
k(x)v cocTaBnsitome pasnoxeHui (6) —u,(x); po.

OrpaHuyeHve onsi NepemMeHHoON NMpPOeKTUPOBaHUS NMPUBOAUT K TOMY, YTO
ycroBue cTaumoHapHocTh (15) AOMKHO BLINOMHATLCS, C Y4ETOM CUMMETPUM
OTHOCUTENbHO TOukM x = 1/2 npu x, <x <1/2, roe a(x) >1, a npu
0 < x < x, dpyHkuusa a(x) = 1. MocnenHee ycrioBue o3HavaeT, YTo Ha yyac-
Tke 0 < x < x, BKIOYEHUSI OTCYTCTBYIOT. [INa onpefeneHus KoopamHaThbl X,
MCMOMb3YITCA YCMOBUS KUHEMaTUYECKON [OOMycTUMOCTU (hOpMbl NOTepu
YCTOMYMBOCTU — YCIOBUSI HEMPEPLIBHOCTU (DYHKUMIA Uy (X), U, (x) B TOUKE
X =x,

Uy =UG;  Ugx = Uy (16)
rae ()7 =lm,p o(++); ¢+ )T = lime e 1o(+).

Mpumep onTummusaumm. NockonbKy Npu NCNONb3OBaHNM MeToda romo-
reHusauunmn ycpegHseTcs nogatinmMeocTb — obpaTHas BenuMumMHa mogynsa yn-
pyroctn, eCTeCTBEHHO MnpeacTaBuTb KO3IMUUMEHT a(x) B Buae pasnoxe-
Hua dypbe ero obpaTHOM BeNMUUHLI a~!. OrpaHuYMBaschL B 3TOM pasnoxe-
HWUM ABYMS crnaraembiMu, 6yaem nmeTb

1
- p—z2(x)sin22mnx’ (17)
rae p — onpeaensaeT )XeCcTKoCTb matepuana matpuubl; z2(x) — )ecTKocTb
BKITFOYEHUI.
Ons ocpegHeHHOro koadduumneHta (17) ycrnoBme coxpaHeHus obLiero
obbEMa BKMOYEHUI 3anuLLIETCH B BUOE

f01/2 p_122 dx = v — const. (18)

YpaBHEHWE COCTOSIHAS W YCMNOBME CTauMOHApPHOCTW, COOTBETCTBEHHO,
ByayT:

Upxx + po(P - Zz)uo = 0; (19)
2 22 _
z (w3 + (p_zz)z) =0. (20)

61



U3 ycnosusa ctaumoHapHocTu (20) cnegyeT, 4Tto

p, x €[0,x.];

p—2z*=1{vzi

2, xelx,1/2]. @1

Moactaenas seipaxerue (21) B (19), nonyvyaem ypasHeHve Ans onpefe-

neHvs gyHKUMK ynpaenexus z2(x) Ha uHtepsane [x,, 1/2]

(-2 )xx +py = 0. (22)

p—2z2

Moactaenas BeipaxeHue (21) B ycnosusa (9), (16), nonyyaem rpaHnyHble
YCroBus ANs ypaBHeHUs (22)

z(x,)=10; z,(1/2)=0. (23)
WHTerpupys ypaBHeHue (22) ¢ y4eTOM rpaHuyHbIX YCrioBuia (23), nony4aem

L _Pocgz_g) 4+ 1

il Cl i (24)

-1 - 1
rp,ex—;—x; x*—g—x*.

MoacTtaBnasa BbipaxeHue (24) B nsonepumeTtpudeckoe ycrosue (21), no-
nyyaem

_ 32pv-1

po = 2222 (25)

Ona onpepeneHvs X, Haigem BblpakeHUs ONA U, Ha WHTepBanax
[0,x,] u [x,,1/2]. MoacTaBnas Ux B ycnoBust HenpepbiBHOCTU (16), nony4ya-
€M ypaBHeHWe [OnA onpederieHVss 3aBUCMMOCTM pasMepa MpUrpaHnUyHo

30HbI, CBOGOAHOM OT BKMHOYEHWUI X, OT CYMMapHOMN BEMUYMHbI BKIHOYEHUAY

1422 _1sin( /32"1’3‘1 1‘”*) =1. (26)
2 X« 2 X3 2

Mpaduk 3aBucumoctn x, = x,(v), npu p = 1;v =1+ 10, nony4yeHHbIN
Ha OCHOBE COOTBETCTBYIOLUUX YMNCMEHHBIX PELUEeHUN ypaBHeHus (26), npea-
CTaBMneH Ha puc. 2.

Ons oueHkn adpdekTmBHOCTU NpumeHeHuss ®I'M npegnaraemon ontu-
ManbHOW CTPYKTYpbl ONpedenvm BenuYMHY KPUTUYMECKOM CUnbl p,noTepwu
YCTONYMBOCTM LLUAPHUPHO 3aKpeneHHOro KOMMO3WUTHOrO CTEPXKHSA PerynsipHomn
CTPYKTYpb! (z=const) npui ToM xe 06bEme BKIoveHuin. B aTom cnyvae p — z2

Do = 2m?v. (27)

Ha puvc. 3 npuBeeHsbl pesynbTaTthl UccrnegoBaHus adeKTUBHOCTU Npu-
MeHeHuss ®I'M npepnaraemoli oNTUManbHOW CTPYKTYPbl MO CPaBHEHMIO C
KOMMO3UTHbIM MaTepuarnom perynsipHoOi CTPYKTypbl HA OCHOBE OTHOCUTEIb-
HOrO MOBLILLEHUS KPUTUYECKON CUIMbl MOTEPU YCTONYMBOCTU

8= (’"’p‘—”") x 100%. (28)
0
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Puc. 2 — 3aBucuMocTb KoopAuHaThbl X, OT CyMMapHOM BeNIUYMUHbI
BKNMOYeHMn vnpup=1; v=1+10

’ ; H ; 3 w v
x
Puc. 3 — MNoBbiweHne KpuTn4eckon cunol ®MI
CTEPXKHSA ONTUManbHON CTPYKTYPbl OTHOCUTENBLHO KPUTUYECKOMW CUMbl
ABYXKOMMNOHEHTHOIO CTEPXHSA PerynsipHon CTPYKTypbl 6 B 3aBMCUMOCTH
OT [ONN BKITIOYEHUI B 06L1en macce cTepxHsa, npup =1, v=1-+10

[=]

Kak BugHo 13 puc. 3, adhpeKkTMBHOCTb npumeHeHna ®I'M onTumansHON
CTPYKTYpbl, HauuHas ¢ v = 1, NpaKkTUYECKn He 3aBMUCUT OT COOTHOLLUEHUS
CYMMapHOW BENWYMHbI BKMHOYEHWI U MaTpuLbl, U U3MEHSETCA B AnanasoHe
21,12 + 21,65%.

Ha puc. 4 nokasaHa onTumarnbHas cTpyktypa ®I'M OBYKOMMOHEHTHOrO
CTEPXHA MPU annpokcumauun mMoayns YnpyrocTu C NOMOLLbIO BblpaXKeHWs
(17)npup =1, v =2.
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Puc. 4 — OnTumanbHas cTpyktypa ®I'M ABYXKOMMNOHEHTHOIO CTEPXKHSA
npuv annpokcumauun moayns ynpyroct (17) p=1; v = 2.

BbiBoabl. Ha ocHoBaHun aHanusda onTumarnsHOW cTpykTypbl M aBy-
KOMMOHEHTHOrO CTEPXHA (puC. 4) MOXHO 3aKmiouuTb, YTO ONTUMU3ALUSA
CTPYKTYpbI BKMovaeT B cebs ABa mexaHusMma. [lepBbii — BblaeneHe npu-
rPaHNYHbIX 30H CBOBOAHbLIX OT BKIOYEHWUI. [1py 3TOM MpUrpaHuyHbIE 30HbI
CTEPXHs1, CBOBOAHBbIE OT BKIOYEHWUN, YMEHbLUAKTCA NPU yBENUYEHNN J0MK
CYMMapHOW BENUYMHbI XXECTKOCTEN BKITOYEHUIN B OBLLIEN XKECTKOCTU CTepX-
Ha (puc. 2). BTopon mexaHuMsMm onTvmu3auuu — pacnpegerieHve BenuyuH
BKIMIOYEHWI MO HEKOTOPOMY 3aKOHy. XapakTep OnTumarnbHOro pacnpegene-
HUS BENUYUH BKMIOYEHWI NO ANWHE CTEePXHS, Kak 1M oXuaanocb, 6rnmsok K
XapakTepy onTUMarnbHOro pacnpeferneHus TOMWMH LWapHUPHO 3akpenneH-
HOrO CTEpPXHS NEepPeMEHHON TOMWMUHbLI [5] — OCHOBHOW OObEM BKIHOYEHWI
KOHLIEHTPMpYeTCA B ero cpegHemn vyacTu.
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O. A. fuckoscbkul, 0-p mexH. Hayk, O. O. KocudeHKo, KaHO. mexH. Hayk,
J1. B. Pubarnb4eHKo, KaHO. eKOH. HayK

ONMTUMI3ALIA BHYTPILLUHLOI CTPYKTYPU ®YHKUIOHAJIbHO-
FPAOIEHTHOIO CTEPXXHA B 3AA0AYI CTIMKOCTI

OnTuMmisauifs BHYTPIWHbLOI CTPYKTYPU LIApHipHO onepToro ¢yHKUioHanbLHO-
rpapicHTHOro ABOKOMMOHEHTHOrO CTEpPXHsl B 3ajadi CTIMKOCTI NMpPoBOAUTLCA Ha
OCHOBi MeToAly romoreHi3auii. LlinboBa cyHKLUis — po3noAin BenUYMH BKNIOYEHb 3a
AOBXMHOI CTEpPXHS,3HaXoAUTLCA B Knaci 4YacTkoBo-6e3nepepBHUX hyHKLN.
Po3rnsiHyTMin npuknap nokasaB 36iNblUEHHS KPUTUYHOrO HaBaHTaXeHHA Ha 20% y
NOPiBHAHI 3i CTepXKHEM pPerynspHoi CTPYKTypH.

Knroyosei cnoea: yHKyioHanbHo-2padieHmMHUl  cmepxeHb,  QYHKUiOHanbHO-
2padieHmHull Mamepiarn, 8KITKOYEHHS, CmiliKicmb, 20MO2eHi3auis, onmumizauis

UDC 539.3

A. A. Diskovsky, Dr. Sci. (Tech.), A. A. Kosichenko, PhD (Tech.),
L. V. Rybalchenko PhD (Econ.),

OPTIMAL STRUCTURAL DESIGN OF A FUNCTIONALLY
GRADED MATERIAL BEAM WITH A STABILITY CRITERION
The problem of an optimized structural of the simply supported beam made from
functionally graded material enabling achievement of a maximum buckling load is
studied by employing the homogenization method. The target functions belong to
the class of piece-wise continuous functions. The relative increase in the general
buckling load of the functionally graded beam on amount of 20% in comparison to a
beam with regular inclusions has been achieved.

Keywords: functionally graded beam, functionally graded material, inclusion, stability,
homogenization, optimization

For calculation functionally graded material (FGM) design, as a rule, used
the different variants of finite element method (FEM) [1]. But optimization of
the internal structure FGM by means of the FEM causes the significant com-
puting difficulties since requires the greater series of the decisions of the
direct problems. For regular composition materials by alternative FEM used
the homogenization method [2]. In problem of stability homogenization
method was used in [3]. In [4] for calculation and optimization functionally
graded (FG) design was offered modification of the homogenization method,
below this modification is used for optimization of the internal structure FGM
beam (Fig. 1) in problem of stability.

A simply supported FG two-component beam (Fig. 1) is considered. The
beam is compressed by the forces P acting on its ends. Small deformations
are assumed and the static Euler method is implemented. In order to com-
pute the minimum value of the buckling force, the Rayleigh variation principle
is employed. Since a symmetric problem with the same boundary conditions
at the beam ends is considered, it is assumed that the possible distribution
of the control functions k(x) and f'(x) is symmetric with respect to x = 0.5.
The symmetry of the problem also implies the symmetry of the buckling form
u(x) which yields u,(0.5) = 0.
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b L b
Fig. 1 — The FG two-component beam: I = const — step between inclusions;
A = const is the inclusion length; x; is the coordinate of the i-th inclusion,

1 < i <n, nis the number of inclusions; V(X; ) is the volume of the i-th inclusion;
P — the compressing efforts

The eigen function u and the eigenvalue p can be presented in the follow-
ing form
u= ;?:0 gn un(x' E)' p= Z;LO:O gn Pn» (1)

where the functions u.(x, ¢), $=0,1,2,... are periodic with respect to ¢ and
have the non-dimensional period 1; p;, = const. Finally, the problem regard-
ing the maximum buckling force is recast to the following form

Ugyy T Pod@ Mg = 0; 2)
uy(0) = uy(1) =0; uy,(0.5) =0; (3)
f01 @(x) dx = v = const, p, = max. 4)

Where d(x) = (f01 a(x)? df)_l, a(x) = (1 + k(0D (E)), p= ELmI' lis the

moment of inertia of the transversal beam cross-section.

The stationary conditions for the boundary value problem (2) — (4) are de-
rived based on the standard approach reported in reference [5]. The first
variation of the extended Lagrange functional, generated by variation of the
variable k(x), yields the following stationary condition

u? = pa2a;t. .(5)

The constrain@(x) = 1 introduced to the design variable guarantee a
satisfaction to the stationary condition (5). On the other hand, the symmetry
condition regarding the point x = 0.5 satisfies (5) for x, < x < 0,5, where
a(x) > 1, where as for 0 < x < x, we have a(x) = 1. The latter condition
means that there is lack of inclusions in the interval 0 < x < x,. In order to
find the coordinate x,, the following kinematic conditions are formulated for
the functions u, (x) , uy, (x) at the point x = x,:

Uy =UJ;  Ugx = Ugx (6)
Where ( )_ = limx—>x*—0("' ); ( )+ = limx—>x*+0("' )
For example of optimization
1

1-22(x)sin?(mnx)’ (7)

a(x) =
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where z2(x) = k(x) < 1, we have
_ 3(2v-1),

0= =5 Uo = Csinpox, x € [0, x.];

uy = V22 (R (@ - 72 +1),x € [x.,05]. ®)

The optimal structure of the FG beam quantified through a(x) governed
by formula (7) is presented in Fig. 2 for fixed p = 1 and v = 2.
6

0 : T T T T
0 e 0.1 0.2 0.3 0.4 0.5
X
Fig. 2 — Optimized structure of FG beam (v = 2) with parameter (7)
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