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AAAIITAIUfl IIAKETY SolidWorks-COSMOSWorks Aft PO3B'.93K] 3AIAtl
MOAEJIIOBAHHfl TEPMOHAIPYKEHUX CTAHIB
OXOJ'IOAXYBAHU X JIOIIATOK TA3OBI4X Tv PEIH

6. C. Kupninoc' , A-P 1exH. HayK, B. M. Ky"tilu2
tlttrtrtyr-rtp-o6leu uiuuoc:ri iv. f . C. llrtcapetrra FI,T I{ Vxpaiuu.

-I{auioua:rrstrti aniauiriultii 5'uinepctlrer
kary ino s (g.r ipp. k i ev.ua

Ilaeederto pa.3t)lbmatnu outt:titttu'uro;:o n|e ttucetbHo:o pozrt'st.sxi6 d6(,x InLLntosux :udaq HdttplxeHo;o i mentct-

t i t . l ; :ocnrouied", lst-t . | .7Qc'tt lurt l l jomeo|t.).1l ic,. | ' t1i ' luut i i .r lQcn1i.t1Ll,Puy.i tutt tutt t t t

Srtlitlll'orks-COSlIOSIforks .volte 6vtnu eclLexmuono 6LtKopucnlctHui d.tra po:o'nJfi' sadaq .vrode;rrteauutt cm(tH!

It o m e p i tt.,t t, ct x o.t o d tr1; e 61 H u! -'t on u m oK c-. e3 o B ?.t t' t n l' p 6 t r t .

Knroqoei cnoea: HanpyxeHHc, reMneparypa. xiHqeei eneMeHrh, noxvtOxa.

For integrul plule and plate v;ith a hr,tle anull,tic'ul untl numeric'ui re,sulls.for nt,rt tes! prohlem's thermal ancl

tlret'noterrsion st.ltc are git,en. Results oJ calculalionhqt,e shov'n, that Soliclll'orks-COStrloSfl'orks package cun

be e.fJbctit'et.v u,;ed fiu',solulictn ol rnalet'ial sfates nodeling lask\ r.tf cortlecl gas turbine blctde.

Keyword: stress, temperature, f inite elements, error.

Rclyrr

Ha cnorojttri jlLrq 3a6e3rleqenru Hailiitttoi cxc-

IUtvaratdi ri;1tt0ni;1a:tr,LIH\ ejreNteltl in uallnHclS-v-

.n)'BaHHq IIllIpoKo Bl{Kop}{cToB)-mTbct N{eTO.qll
K() \ r r ' rc- fcpuofo r \ ro.  tc . r r ruBauHf l  ix  r lanpr  xet to l t r  i

1et|lopmoral{oro craHiB, 30KpeN{a npol'pauni Itarert 'I

NAS"I'RAN frJAsa Sl-Ructural Anall 'sis). ANSYS,

ABAQUS" MPP LS-DYNA ra is .
R asia- ra ra:o'ryp6o51''r-vnarrui ItaKonHqeIIo Be-

xr.{Kxr:i nolnrrIBHuli .1oceil } pax}-BaHH}I Bnn}JBy

]'N{oB eKc[n]'arauii Ha pec)'pc eJcNIeHriB {rrO:e:r.a-
xy. Kpu"rr. uraci. :rortaroK l(oMllpecopa ra ryp6iHu.

IHcKiB, ocrtoBlillx ra tpopcaxulrx KaMep 3roprlHllrl

ra is. [i crclr,Iernu €] cKiIa,qHHMII llpocropoBl{Nlll

o5' erraltn. yMoBu HaBaHTa)KeHHt tK.rIX xapaxTepl{-

3)'rorbcr BeJrnKOlo irrTeHcneHicilo pinuin tutexatriq-

Hr{x 3-vcl.r,frr,. repu iuHu x n oro Ki B. ix Heo4Hop i,I}Iicrto

ra HepirHora)KeHicrlo.
IIn npulcraltu pyiinauii e;reuenriu ra:oeoi rvp-

6intr. a cerue nanarriB oxoJroA)(eHllt JtoIIaroK Ta Ka-

Nrep 3roptHns (puc. 1) Hase.xeHo pc3\/t l,rarl4 Io-
c: r i4Nenr,  l l  l .

ilo{sa rpiqnH repntiuHoi BroN,IH e l"raii6i,'IluI

repMoHanpyxeHI.IX li:rsnrax lera.;reii ABIlryHa Mo-

xie N{arH xaTacrpo$i.lui Hac,'Iiilxu. I{e :yuon,rrce

axryan ;rric lr, 4oc:rilxeHb Brr3r{AqeHHtl }tallpyx{eHo-

ro craHy eneMeriliB raprrqoro rpaKry rBLIryHa 3

ypaxyBalrHru cueqrl$irur iioro po:po6xr.r, nupo6-

l rHr l rBa ra c l \c i l . ] )  a lar l i i .
Oco6,rrna yBara 3Bepra€rrl,cq Ha craHll nonaroK,

,rucxie novnpecopie ra ryp6iH.
Ilpaxrnurrnii po:r'x:oti pinuans r4exaHixn piAH-

Hr.r, rtsepAoro ri,ra, nepeHocy cHeprii i peuoennu n

3D nocranoelri N{o)KnuBHfi rl4uIe cKiHqeHHo ene-

MeHTHuMT{ MeroAaMrr. Ili n,terolu e qLIceJrbHI{MH,

na6nraxenuulr.
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Puc. I. Pf irHaqil rrlonarox ry'p6iuu i xalrep 3ropelrfrr

floxlr6xa pcl:pax1-Hnie 3iilexnrb ei:t Itijtl'Koc'ri

e , reuel r is .  rx  rnul '  Ta feoN{erpl lY l l l t \  po l r r ip in.  a

raKox eig $yHxqioHzurbHl4x Mo;'tituBocrcit po:pa-

XYI:IKOBO|O KOMIUIeKCV. BOUa C OcHtlBll l l \I Xprrrepi-

€M tsLr6op-v roro LrH inruoro npotps\lHOro naKer)-

IJt po3B'f,3K.V neBHLIX flpllhl'Ia-lHll\ sa.larl 1 noTpe-

5ye, tre:naxaroqll He \apaxTeprlcrrthil l  l taKer\'. BIl-

Ko r ta t tH t  . [ o - t a rKoBHX ncpcn ip r , x -  t ce  t  i n .

!;rl utrce:rruux ltero-rie 1 -tctb,tt\ tsl{narKax

crlocrepiraerbcq He3aloei-tl,Ha ;1.t, ' t ' t l icrl pe3l' l lbra-

rin poapaxvsxis, ocoSrttBo B \t i. l le\ l i tr l l l leHlPa{ii

TeIIJIoBHX noronin i Hanpr /r-Hb. rlptr ulo cBi.qqaTb

6araro .{ocniAxeHb [1: -i] forti ,,LirHI\a \lornll{tsoc-

re i i  t ryorpaMHoro 3a5e3t te ' ja t i t i ! ,L t t  Nol lKpe' r l tnx

o5'enrin i yuoe ir Haeal[;.+i:Hiit ]r ifcqHa i 06-

rpyHToBaHa.

N:lu crnopeHliq rBep-tarLiF.it lt\ Btp'n iLtbHllx \to-

.le:reii oxoJIoAXyBaHIl\ .t,,r l i ,1 I . l{ . i l  ,B}l\ l l  p6iH i

BH3HaqeHHg ii renroeora, i r. l:::.x:Hofo craHie

C-r 6. C. Kanniuoc. B. M. Kvriru. 2012
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,-,[pannii CAD-narer 3l)-no/Ie,qroBaHHt
SolidWorks-COSMOSWorks onns 3 cyrracHr.rx i la-
xeri a rpu euuipHoro napaNrerplirrHol-o Nro.{eJrroBaH-
lrs. I,Ioro oco6,runicrrc e :roriqnc no6y4onarruii orr-
i r r,r,riul Luu ii iur eptf ei.ic. il ilut o cuo lt eBe.rrl rKa norpe6a
e o6c.q:i onei)at"r.rBrroi naHr'sri. cnpouleuuii a;rro-
:lr i lr c rBopenHl Rrcicrroi cimn, r,rox,,InBocrer"r B3a€-
'.ro-1ii : pi:Hlrurr naKeraMl{ aBToNlarfi3otsaHoro npo-
rKTVBaHH.rI. TOIUO.

Me'ra poGolu - Blr3traqeHr{r N,loxiJtnsocri alan-
;ruii odpairoro rraKery g,ln posn'r:Ky 3alaq Nrole-
.rirltsaHFur rcnJroBr.rx ra repMoHanpyx(eHt.rx cranis
'\oirollxyBaHr{x ironarox ryp6irur li4 uac po6orlr
:Birryla Ha claqionapHlrx ra uec'rarqiorraprrl lx pe-
ii i l lrax.

MeroAuxa a.qonraqii. Merolnxa alanrauii

l)\ Flr '\ 'eaJ.lacs lta ana.ni:i noxll6ox po:paxr rrxie
.i{o\ TccroBHr 3a.{aLl- tuo po3B't3} tsn.tncb ar^ra.ri-

;lrrrHllM i quce,tbHult l\,Iero.qaMlt.
Ifelnua saoovo - lralpv/henuii crau rulacrtlHu

- KoJroBlrM olr3opor,l lprr i i  po3r'Jrr-yBaltHi n o4uouy,
.ianpg NrKy. I-l,ro x,lac tt,rHy 3a.qarry np-v-;xnocri unep-
: r c auaJIirlr.rHUN'I rvle r-onolr 6t'rto po3B'q3aHo Hanpn-
..rurri XIX cr'. ,r lx. Kiprleu [41.

Ei,rtur cma5ui 3afaqi ucxanixn rBeploro ,Ie-
:,opllieuoro ri,ra : pituon'lauirHr{Nru KoHrf,eHrparo-
:rr\rIr rra[p\';Kerrb 3a pl3Ht{x vMoR rraBa}rTai{ier{Frt
:.,r3B'qlaHi )' thf'H.uaueHTa.rILHHX Ioc,'Ii.qxeHn.sx
, . B. Ko.rrocosa. I{. l. Mycxe,rirusi.ri. f. l \4. CasiHa.
l. Heii6epa. O. "rl. Knirxrr ra irr. [5; 6].

Oc'ranuir' l  qacoM. npirr,r aHalirl lqlt lrx \4el oil iB,
lJrrpoKoro 3acroc!-BaHH.a HaSyllt qnce:rlui MeroAI.r
-irrciliA)KelrHfl Rr],lr..tBy $opr.lu ra reorvrerpii lera-,li ua
,ieo.,Iuopi;1uicu i i '  narrp) iKeHol'o crarry [7].

1d,u HecniH'{eHoi nilacrurHi.r. u-lo Mara si:rLHlrrYr
:i: soeHi[rHix :1 cll,rr, ro;ronrrri orrip. l{x. Kipur
..-IepliaB p03R'n3rlrc :atla.{i y BrrlJrr:'li

rc r'. (i -- KooplraHaulr no.ltrrpHoi cllcreurll 6e, o,.,
r,, 6,,un, - t'io;roni. pa4ia,rrlli. gorn.uri ra norriHa,mHi

Hanpvxelil{Jr ni;lnonipro: 2cr - 4ianre'rp orBop\'.
Cvr"tcea Hsolnopi,rIHiclr rrarrpvaretroro c'falr) '

:nocrepiraerlol B Heseiruxiti o6:racri s oxo,Ti orso-

ir). tgo npu6,uu:l-lo o6uexeHa pagiycou r = 2a. l la
nrgaleni nil olnopv Harpv)KeHHr gopinurorcr;

l tr)MiIIaJIbHLIII 3Harle}IIUIM 6..,n, .

Haii6i.rrrure 3HaqeHHfl noedriqie'nra Korllerrr-
paqii noLlonnx Franpvxelrb

c',.
u G  -  -

, 
oo,,r,

N{ae B rotlqi 3 Kooprr{Harauu 0: nl2m r: a i gopi-

BHIO€,  c{6:  3.
CrocosHo nlacrHHlI xiHqeeoi rxHpLIHt{ 2b

{p l tc .  2) .  ro po3B'r3ox ra- la . t i  y  3ara lbHoM-v Br4f , t r - t l
ei,lcyrHiri.

B ilou i po :s' ll:lrr.r A.jtr oKpeMux euna,rxi e.
Tax P. C. fa5':rall:11. I8l BAarocs o-upuNrarrr

oo3B'r3oK y nur:rx4i cyurr rrecrcilrqeHr{x pr4in .lur
h

n, lacTl tHl l  IUHpl{Hot i l  i  = :  S 0.5 .
u

IJi aua:liruuHi po:s'r:ru Kiplra i fay,rraHAa 6r'-
. t n  5a :osu l , t t l  t p t  po3pax \  r r xa r  i  R r3 r ra , ren r r i  l r a -
rlpyxeHofo cTarrv rurac'r'HHn.
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PHc. 2. Porno4i,'r nanpyxeFrb y n,lacnrui

n i . l  qac l ' f  Dol rxn Barurr r

Jlzuri BHKoHaHo :ltrc,riilNenrrrr nanpv)KeHorc)
craHy rrJTacruHr{ rrHcerbHr{r\{ Mero.qon [9]. Cra,'resa
rracrnHa (uo.qy,r r  npyxHocr i  - -  E:2.10 101r l la .

eiIHoilIcHHs flvaccosa 0.3) maira raxi porrnri-
p r4 :  : I onx l l t t ) ' -  2 i : 0 .2  l r .  n rup t l n \ -  - 2h :0 .1  l l .
loRrul4ll\ '  - l l t -: 0"05 u" 4iauerp xoloBoro IIeHr-
paxlHoro orBop\. 2a : 0.01 nr. Po:rsr nilacruHl4

:l l ir"rurrosascs lratrpvx(er{}rrMH ou,,, - l0 000 ila.

Bparonr'ruuu cuuelpiro rir l laqi. re()MerpHr.rua Mo-

,IC,rs 5rfi'saracb A.ftrl Yz rrlia.T]1iHu r eilnoeitHrilrH
rpaHurrHn\rH )'Motsal{r{ ua i i norepxHxx (puc. .3 L

:,,:,:it'$ s*ii!i !'r,
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Pnc. 3. Clirxa crir.ierrnx eJreh,reHTrB v njracrrrHl

B unopncron.vB afiHc-f rcrpacrf, panbHi npocropon i
eileMer{-fu napaSo:ri.ruoro'r 'Hrry. ulo :a6e:ne'rmo
Br lcox\  rn ie r r  c i iL l r  iworr : r l l r icru gacrocoevea' ru tJ
o.qHorracHo .{.rrq po3B's3Kv 3alarr uexaHinu ra nepe-
HeceHHt.

I:llerrlesru. xpiu ar':rrir \ Bepurlrrra-y. Ma-rnr Ry3JIH
ilo cepe.qHHi pe6cp. Taxi cncucsrH ,To3Bo.[r{ir}r Bin-
rBopuru norpi6Hl' r<pueo,riHiiirry noBepxHro orBopy
i nuxoraru xpauri MareMarllrrHi anpoxcnuartiT. Cir-
ra 6v.ra per ' ) r rproro l ra n i tcrarr i  s i - l  oreop) i  r r ) , -
u{eHoro e oxo.[i iioro. lie .qocflraJ]ocb 3a paxyHoK
:nai ru.r uapalrerpin Harrarn'ryBaHr rrr crBopenFur c irxu.
a caNle n'tiniua:rsgoro 'r'a r\4aKcnMiurblrofo porrripv
c,rleNreH-riB. i,r cniseiAHoruenl no mapax, xlrmocri
e1 :l:rie ra uapir 3ryxreHHs i r.a. (arar. ra6:ruqn).

B,racrusocli cirxs cxinqennx eJrcmcurie

Birouo, uro r,'r{ a,rropnrlris r{r4ce,'rbHux po3pa-
xvsnin rr{rroBo}o fipouel]'poro e J{oAarKoBe 3ry-
ureHllr cirxH s neperyn{pHii ai,r.rHrri.

IIpu qrol,lv 3€ue)ilLlo nig reolrel-pii rlo4eli
xi,'rbxicm flpoqeryp 3ryueHH{ Moxe locflrarv re-
ri:nrox.

YcraHonleuo, Lqo Mo)IortrBocri naxely
SolidWorks-COSMOSworks ni4 qac po3B's3aHlll
:a,qa.ri Harrp)ry(eliofo cTaHy rrJracTr{HH 3 orBopoM
-lu3BO,qnrorb orepxa'r u :aroeiJu'Hi xr-lpexrui pe-
3ynbraru. He BHKoHyroqH rro.qanbruoi rorarKoeoi
npouelvprz 3ryrrIeHHJI cirxu, uIo na6araro c[pouly-e
o-lepxar r u-lr no'rpiSrr rrx pcryLrr,rarin.

I{a plrc. 4 nora:aHo rltiny uanpy)KeHb no uru-
puui n,racruHu. llanpvxeHH.s po3paxosaHi aHaniru-
IIHHM O.1ur1,, Ta qHCeJrbHItM 6.ruc MeTOAaMI{. ilOpie-

HtHHt pe:}r:Ibrarin ro3Bo-nHno BcTaHoBHTH noxu6rcY
'tuce-' lbHofo t\ teTo-' l)

t . ' l

€,  =  i00 l l  __ : - ! r l l .%.
| 6on-i' I

NtaKcHMZLrrL,He 3HaqeHHrr qKOi BiI3HaqZUIOCb n sati-

6furlru HanpyxeHiii goni rt-actuuu i gopirHtoBulrlo

\"= 1,5 Yr, .

3r)000

25000

Posr"mox faJranra PolB'r loK fayiaEAa

Noop-lnuara -t. ltlr

Puc. 4. Po:lno.{i:r rfalrpviretll] no uupuui ruracrr4nr

Po:rrtgnvrlrfi qHce;rrrrHii rvrero,q na niluiHv siA

ana.riruqnoro Ao3BoJHB BH3HaqHTn noeHllii TeH3op

HanpyxeHb i, raxulr rruHor\r. 3'rlcvBaru )'MoBI{. 3a
rrlrx nJ.racrurry lriHrlenur. polrripir N,lo)nHa BBa)xarH
necnisqenoxr. If i  ylroru:

Lrro. l l ' .s.
Q A

,\pyea sadaqa - secratli,rHapnufi rerl:tosufi ra
TepMorranpyxcHl.ri l  craHn cri l- 'rcsor' rInacrrua nir
qac iJ  xoHeeKTHBHoro HarpisaHru.

Xapaxrepucruxl.r ua'rcpianr': rycrllna
, lp : 7500 rcr/u'. rerrloevHicru - cp= 400 !x/xr K.

reMlleparyponponolHic' : l0'i0-" u'lc, ren-
.nonponi4uicrb - 2" = 30 Br,rr.K. xoe$irlienr:riuifi-
Horo po3lrrupeHHfl 1 .3 10-' .K '.

Po:uipn rlracruHu: tLrBihuHa l/ : 0,05 M, LIrt4-
pwna 2b : 0.05 M. roBruHHa l/r ' 0.002 u. fl,racrlr-
Ha rro o6'eu_\r MaJla noqarKoBlrr"r o.tHopi.qgl{ii po3-
no.t i : r reuneparypu f( .r- .  r . --)  = f  = 100K.

E zoooo
a.

o t5ooo
E

g 10000s

i s00t)
E

100

-Ns
zlrt llapanerpr cirxu

Xapaxrepnclnru
clTXl i

Buxopuc ra nc po:;5lrrn
Clirxa Ha ociroei

KPI,lB'I3HIJ

) To.rxu Jlxo6iasa 9o'rr.rnu 'roqxtt

J
IVlarcnntarrlsrii poll'r ip
CICN'ICHTA

2.09142 wr,r

4
MiHiua:runur:i po:uip
CJiENTEHTA

2,09442 nu

l Jlxicru cirr<r'r Bncotta

o Kiftxicrr, syrris 107502
7 KIJ'ILKTCTb C,IICMCIITlB 72077

8
Marcr.rua,trlte
sijlnomeuuc cropin

6.2101

9
Bincorox elelaernie
: cnieniAHorneuu,il\,r
cropis < 3

99 .8

t 0
BiAcorox e"qeNlesrie
r cuinri]'InoureHnsM
crooin > 10

0

l t Bilcorox cnorBopeHrrx
e:reL,renrie (-f, xo6 ian)

0

'l,lilii li:
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3 .lacy t : 0 sa 6oxonlrx fioBepxHfix rlaB \llcue
.rt l r rB€KTHBIrnn'retruoo6vin, ct ' :1500 Br, 'n l 'K ra
-\rreparypr.{ cepe:loB}llua 4: I 100 K.

Topueri noeepxni ten:roico,rtosaHi" :osHiluFli
rcxartiqui 3ycHJIJT-g ei4g1, 111i. 3a raxnx \rMoB ' lL-lac-

; l r i  vone . r r cBa - r14cb  uec ru t t i oHap t i i  c  r a t t l l  n ta rep ia -

.\ oxoxo.q)KyBaHux ilonarox ra3oBlrx ryp6iH.
jl-rrs uecxinqeuoi rLracruHri roBt.urrHorc 2h ana-

:  r r r . r r rB f i  pO3B ' r3OK p i sun r r r ,  Hec ra r l i t l t t ap t t r ; i  r c t t -

.rolpori,tluocri ra repltolp\)Knocri npa HaBeAellhx
r'rexaHiqtux ra lepuiutlttx xpaiioeux J-MoBax Mae

Brlr ,rs.q [10],  ae x -sirnocna KoopruHara: r  =; .
t1

l-1,, xopHi xapaKTepucrlrrlHoro pirruHHr

u a l
c tgp ,  -  : . -  f  , ,  -  B tAHocHHl ]  t loc .  ru  - -  

I  :  5 t  -
ljt n

ei.qHocF{a iHreHct{eHicrr, rcuoo6ltiny, B i
a"h

L

f
l "

" l  r -

I

3a qnuu dlopuy,rar'tu ltts Bi =0,05 po3paxoBa-

r.) t3Har{€HHf, TeMneparyp i repltiurrux HanpyrfieHb

:.r noBepxHi nJIacrI{HH n pi:nuii uac.

I lplt eu:uauetlni cYv BpaxoByBaJIHcb 3HaeeHHt
: 1000 nopeHiu xapaKrepltcrHt{ttoro pirrurttu'

la-rri 4ru rrHX ]'N{oB rlHCeJrF,H}rM Mero,qoN{ BLIKo-

r i l ( )  pL)3pa\ \  l loK Te\ l l lepar l  p  i  Ko\4 l loHel l - f  reprv i ' l -
. i t\ r ia[p\']Ke]{b.

flicns .roro pe3ynbrarlt nopieHr,.rea.rrucs (pnc 5).

fipoaHa;ri:1'BaBITIH pc3ynbraru BH.lHo. tuo no-

i l i )KH LlHceJl  l , t  rux porpaxr  I  lx in

I r i
; ,  = r 0 0 l t _ 1 : 1 " %

I  
' i tn : fn t  

I

-irL-)KarE, siA rirHocnofo KpoKy uac-v A{, . a caMe:

'14, = ja.
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