JlabopaTtopHasi pa6ora Nel
PACTSI)KEHUME YIIPYTOH IIJIACTUHBI
C KPYT'OBBIM OTBEPCTHEM

KJIFOYEBBIE CJIOBA

1. JIunelinast Teopus ynpyroctu

2. CtaTnueckuil aHaJIu3

3. [Tmockas 3aaya (II0CKOE HAIPSHYKEHHOE COCTOSIHUE)
4. KoHIIEHTpalLUsl HAMPSIKECHUI

OIIUCAHUE 3AJJAYN

ToHkas NpAMOyrojbHas MIacTHHA ¢ pasMepamu 2a; a=5 (cMm) mo mmune u 2b;
b=2 (cm) no mmpune mmeer B LeHTpe oTBepcTHe pamuyca R=0.25 (cm) (Puc. 1).
ITnacTHHA BHINOIHEHA U3 YIPYTOro H30TPOIHOTr0 MaTepuana ¢ moayiaem FOunra E=2-10°
(x[/em®)  u  xoadduumentom Ilyaccoma v=0,3. IlnacTuHa pacTAruBaeTCs

pacnpeneneHHol Harpyskoi uHTeHcuBHOCcTH P=10° (xI/cM?), melicTByromeil Ha ee
JIEBYI0 M TMpaBylo rpaHu. TpeOyercs omnpeneinuTh MaKCUMalbHbIC HAIMpPSKEHUS B
IJIACTUHE.
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Puc. 1. Cxema oOnactu
BBO/IHBIE 3AMEYAHMUSI

OtBepcTHe BHOCHT BO3MYIIEHHE B OJHOPOJHOE HAIPSIKEHHOE COCTOSHHE
OJIHOOCHO pacTATMBAaeMOM IUIacTHHBL. B 30He, BOJM3M OTBEPCTUSA, NPOUCXOAUT
NOBBIIIEHUE HAIPSKEHUHN, HA3bIBAEMOE KOHLEHTPALMEN HANpPsSKEHWW. AHAJIOTMYHas
3amaya JUisi OECKOHEYHOW IUIACTUHBI, OJHOOCHO pAacCTATMBAEMOM Ha OECKOHEYHOCTHU
pPaBHOMEPHBIMM ~ HAarpy3KaMH, HasplBaeTca  3agaded Kupma u  saBusgercd
byHIaMEHTAIbHON 3aJadeil TEOpUU YIPYTrOCTH O KOHIEHTPAIMM HampsbkeHuil. B
samade Kuplmia MakcUMalbHbBIE HANpSDKEHUs, paBHbIE 3, BO3HHMKAIOT B TOUYKE C

xoopaunaramu (0, R) (cM. puc.1) u ABIAIOTCS TAHTEHIMAIBHBIMU HAPSKCHUSAMH.



[Tockonpky mOJNS HampspkeHuid, aeopmanuii ¥ MEepeMEIIeHUN  SBISIOTCS
CYIIECTBEHHO HEOJHOPOJHBIMU OKOJIO OTBEPCTHSA, TO IS IOJYYEHHUs IPUEMIIEMOU
TOYHOCTH KOHEYHO-DJIEMEHTHBIX PACyeTOB IMPH IIOCTPOCHUM KOHEYHO-3JIEMEHTHBIX
CETOK CJeIyeT 3aJaBaTh IapaMeTpbl, oOecleunBaroIue CryleHue pa3orueHnii Bom3u
OTBEPCTHS.

KPATKHUE TEOPETUYECKHUE CBEJIEHUA

I[Ipy MJIOCKOM HANpPSHKEHHOM COCTOSHUM MEPEMEILECHUS IIaCTUHEL B o0mactu €2,
IpUHAAJIEKAIEN IOCKOCTH XY, MOXHO XapaKTE€PU30BaTh BEKTOPOM IIE€pEMELICHHUI
U={Ux, Uy}={U, V}, rre U=U(X, y), V=V(X, Y). KOMIOHEHTHI &yy, Exy = Eyx, Eyy
Exx  Exy

, BBIp@KaloTCs uepes nojse nepemenienuit U 1o
Eyx  Eyy —

TeH3o0pa aedopmanuii € = (

dbopmyniam
S.=¢&,=0U/ldx; S =g =0V/0y; (1)
S, =¢&,=@U/dy+0V/ox)/2

Onpenenstome COOTHOIIEHUSI, CBSA3BIBAIOIINE MEXAHWYECKHUE HANPSHKCHUS U
nedopManuu B yrnpyroi M30TPONMHON Cpelie MpHU IJIOCKOM HAIpPsSKEHHOM COCTOSIHUM,
HWMEIOT BU/T

T.=c_=1(S, +5,)+2uS,,
r,=o,=4(S,+S,)+2us, 2)
I,=o0,=2uSs,

rae
. 24
A = —fu (3)
A+2u
vE E
= M= (4)
(I+v)Q-2v) 2(1+v)
o o
g= (U;z U;Z ) — TEH30p HANPSDKEHWH, Oyy, Oxy = Oyy, Oyy - KOMIOHEHTBI TEH30pa
HaIpsKEHUM.

Koadppuientor A u 4 u3 (4) Hassiarores kodduimentamu Jlame, KodPpOUIUEHT L
yacTo obo3Hauaercs takxke yepe3 G m mmeer cMbica Moays casura. Moayas E us (4)

Ha3bIBaeTcsa Moysem FOHra, a v — koaddunmentom Ilyaccona.
YpaBHEHNS PAaBHOBECHS YIIPYTOM CPEbl B INIOCKOW 3a1a4€ UMEKOT BU/T

o, /ox+0T, /&y =0 (5)

oT, /ox+0T,, 1dy =0 (6)

[ToncranoBka B (5), (6) ompenensromux cooTHomenud (2) u dopmyn (1)

NPUBOIUT K DJUTMNTHYECKOW cucTteMe audQepeHInalbHbIX YpaBHEHUNW B YaCTHBIX

IIPOU3BOJIHBIX BTOPOTO MOPSIKA OTHOCUTEIHHO HEU3BECTHBIX (DYHKIMNA MEpeMelieHnui

U u V. K sr1oii cucreme crenyer 100aBUTh IpaHUYHEIE YCIOBHUs Ha rpanune I =0 Q2
2



oOnactu. OCHOBHBIMU BHJIaMH TPAHWYHBIX YCJIOBHI B TEOPUH YHPYIOCTU SIBISIOTCS

ciueayromue ycnosus. [lycts rpanuna I pasOura Ha 1Ba MoaMHOXKECTBA: Fu ul .- Ha

yacT rpaHusl [, cunTaroTes n3BECTHHIME KOMIIOHEHTBI BEKTOPA MEPEMEIICHUIH
u=U., V=V, {x,y}erl, (7)
Ha yuactke I 3amaercst Bexkrop Hanpsokeruit p = {p_, py}
T.n.+T,n,=p, IT.n+T,n =p, {x,y} el (8)
rie n={n_, ny} — BEKTOp BHENIHEH eMHUYHOM HOpMasTH K rpanure I .

['pannunbie ycnoBus (7) HOCAT CIEAYIONIME HAUMEHOBAHUS: TPAHUYHbBIE YCIOBUS
B MEPEMEILIEHUSAX, TPAaHUYHbIE YCI0BUA 1-0ro poxaa, ycinoBus tuna Jlupuxie, riaBHbIE

rpannunbie ycaosus. O6erano B (7) U, =0, V., =0, uro cooTBeTcTBYET KECTKOMY
3aKPEIUICHHIO y9acTKa rpaHuis 1, .

AHanoruyHO, TpaHW4YHbIE YyCJIOBUA (8) HMMEIOT CieAyIOIUe HaUMEHOBAHUS:
IPaHUYHBIC YCIIOBUS B HANPSDKCHUSIX, TPAHUYHBIE YCIOBUS 2-0T0 pOJa, YCIOBHS THUIA
HeiimaHa, ecTrecTBEHHbIE TPaHUYHBIE YCIIOBHS. [Ipyn OMHOPOAHBIX TPAHUYHBIX YCIOBUSIX

(8), xorma p =0, p,= 0, yuacrok I’ rpanuusl HaspiBaeTcs y4acTKOM, CBOOOIHBIM
OT HanpspkeHHil. Bexrop Hanpsokennit p={p_, py} , Kak BeKTopHas (yHKuus ot X, Y,

MOJKET BKIIOYATh COCPenOTOHueHHbIe BekTopsl K ={F,F }, KOTOpble NMEIOT CMBICI

COCPCAOTOUCHHBIX CHIJI.

PEHIEHUE 3AJIAYHU C UCITOJIb30OBAHUEM FlexPDE
BxomHoti ¢aiin gns nporpammer FIexPDE - St2LS _1.pde.

PELHIEHUE 3ATAYU C UCITOJIB3OBAHUEM ANSYS

[Tpumep pemenus 3anauu ¢ ucnosibzoBanueM mporpammbel ANSY'S conepxurcs B
daitmax St2LS _1(ANSYS).doc u St2LS l.inp. B ¢aiine St2LS 1(ANSYS).doc
omnrcaHa paboTa B HHTEPAKTUBHOM PEKUME.

B ¢aiine St2LS_1.inp coaepxarcs komanabl. [lociie BbImonmHeHus 3Toro ¢aiiia B
ANSYS (File — Read Input from...) TpeOyercs mHpOBECTH MOCTIIPOICCCOPHYIO
00pabOTKy MOJYUYEHHBIX PE3yJIbTaTOB.

[Ipumep pemeHus: 3agauu, OJIM3KONW K OMHCAHHOM BBIIIE, COACPKUTCSA TaKKe B
daitne Vm142.dat u3 nadbopa pupMeHHBIX MTpUMeEpOB, npeaocTaBasieMbix ANSYS.

JIns pemieHust 3aaud O PACTSHKEHUH ITUIACTUHBI HEOOXOJUMO HCIOJIh30BAThH
3JIEMEHTBI Il CTPYKTypHOro anamu3sa (Structural analysis). Takue sieMeHTBI OyayT
umeTh creneHn cBoboasl (Degrees of Freedom) UX, UY, UZ — nepememnicHus B
KaxaoM y3iie. KoHeuHble 3JeMEHTBI JUIS TPEXMEPHOTO MOJICIIMPOBAHUS HA3bIBAIOTCS
Solid (tBepmotenbhbie). ITockonbKy ympyras IUIaCTUHKA SIBISIETCS TOHKOHM, W BCe
BO3JCHCTBUS TPOU3BOAATCS IO €€ TOHKHM TOPIEBBIM TPaHsAM, TO MOXKHO
paccMaTpuBaTh 3a/1a4y O PACTSHKCHHUHU TUIACTUHKHU B YCIIOBUSX IJIOCKOTO HAMPSHKEHHOTO
COCTOSIHHSI, TO €CTh CBECTH 3aJady K IByMepHO# (cMm. puc. 2). IIns JBYMEpHOTO
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MOJISIIUPOBAaHUSI TOHKOW IUTACTUHBI MOXHO paccMmarpuBarh Iwiockue (Plane) mmbo
obomnoueunsie (Shell) koHewHbIE AIeMEHTHI ISl CTPYKTYpPHOTO aHan3a.

JIByMepHBIE 3JIEMEHTBI MOTYT UMETh BHUJI TPEYTOJIbHUKA WM YETHIPEXYTOJIbHUKA.
TpexmepHble 37I€eMEHTHI MOTYT UMETh Takue (POPMBI Kak TETpadp, MPU3Ma, TeKcadIp.
Ha puc. 3 mnokazaHbl JUHEHHBIE 3JEMEHTHl (0€3 NPOMEXKYTOUYHBIX Y3J0B) U
KBaJ[paTUYHBIE JIEMEHTHI (C IPOMEKYTOUHBIMU Y3JIaMH).

section plane "~

section plane

Plane Stress Plane Strain Axisymmetric

ILnockoe HAIIPREHHO € COCTOAHIE ILnockas ,‘1(‘(1)01)]\[‘«][[[1}1 O(‘e(‘ll]\l]\ll‘Tl)]l‘[l-lO(Tb

Puc. 2 JIBymepHas mOoCTaHOBKA 3aa4l

JAWA

3 noded
triangle

6 nodad
triangle

4noded

o8

Snodad

quadrilateral quadrilateral

&> L

4 noded tetrahedron

' |

8 noded brick

10 noded tetrahedron

=

20 noded brick

Puc. 3. Buabl TMHEWHBIX U KBaAPATUYHBIX ABYMEPHBIX U TPEXMEPHBIX KOHEUHBIX

OJICMCHTOB

B Tabnuile HuXe TNPUBEIEHbI OCHOBHBIE AJIEMEHTHI I JIMHEHMHOro CTPYKTYpPHOTO

aHaJin3a.

Taouauna 1. HexoTopsble 3JIeMEHTHI JUISL CTPYKTY

HOI'0 aHAJIN3A (CTeNeHn CBO0OIbI — NepeMeleHHs)

Twuribl 351eMEHTOB Ha3Banmue yjiemenTa Bua, koamuyectBo  y3i0B, cremneHb | CtenmeHu cBOOOADI,
ANNpoOKCMMALMHU noBeJIeHHue
Ieymepueie 1wiockue | PLANE42 @ < UX, UY
KOHEUHBIE DJIEMEHTHI 2-D Structural Solid .
Element coordinate KEYOPT(B)

{or axial)

t.

KEYOPTity=1)

X {or radialy

system {shown for

{Triangular Option -
nof recommended)

Element behavior:
0 - Plane stress
1- Axisymmetric
2 - Plane strain
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3 - Plane stress with

4 y3na thickness input
JIMHCHHBIA
PLANES82 L @ UX, Uy
2-D 8-Node Structural “a’
Solid o © . ﬂ KEYOPT(3)
'¢—s—>, | Element behavior:
Xz | ) mopen | () - Plane stress
1- Axisymmetric
8 ysnos 5 2 - Plane strain
KBaJpaTHYHbIH 3 - Plane stress with
thickness input
O0004YeYHbIE SHELL®63 2y UX, vy, Uz,
KOHEYHBIE HJIEMEHTBI Elastic Shell 2 ROTX, ROTY,
ROTZ
, KEYOPT(1)
By Element stiffness:
\ “ 1 0-- Bending and
o A membrane stiffness
}w ! ety |1 Membrane
X e | stiffness only
4 y3ma 2 -- Bending
JIMHCHHBIH stiffness only
SHELL93 2 UX, Uy, uz,
8-Node Structural Shell ‘ ROTX, ROTY,
ROTZ
8 y37108B
KBaJIPATUYHBIN
TpexmepHbIe SOLID45 ® w=_—Ter | UX, UY,UZ
KOHEYHBIE 3JIEMEHTEI 3-D Structural Solid ° E t L
Element coordinate W Prism éptmp
REvORTIA 1) . lg.p
; oo
}.Y Sur’ac:Cmmjmale System
X
8 y31108B
JIMHEUHBIN
SOLID95 wrorvvwz 1 UX, UY, UZ

3-D 20-Node Structural
Solid

20 y3moB
KBaJpaTU4HbIN

B

Teemhedmf Option
MN O PUNMWX




SOLID92
3-D
Tetrahedral
Solid

10-Node
Structural

UX, Uy, uz

10 y3510B, KBaApaTUIHBII

Ilocmpoenue meepoomenvnoli u KOHEUHO-INEMEHMHOU MOOENU

3aMeTuM,
CBONCTBAMH CHMMETPHUHM OTHOCHTEIIBHO IEHTPATBHBIX OCEH TUTACTMHKH X U Y (CM.
Puc.1), mosToMmy MOXXHO pemiaTh 3aaady JjIsl YETBEPTH OOJIACTH C 3aJaHUEM YCIOBHUI
CUMMETPHUH Ha COOTBETCTBYIOIINX TPAHSX.

Cnenyrommii pparment daina St2LS 1.inp neMOHCTpUPYET TEXHUKY PEIICHHUS
3a/layd O PACTSHKEHUHU YIPYTro IJIACTUHKA B YCJOBHAIX IJIOCKOI0 HANPSIZKEHHOTO
coctossuuss B APDL ANSYS. 3peck wucnonb3yercs KBaJpaTUUYHBIA —8§-y3JI0BOM
yeThipexyroyibHbii 3eMenT PLANES?2 (¢ mpomexxyTOUHBIMU y371aMu).

CHauana cTpouTcCsl TBEpAOTENbHAS MOJIENb IUIACTUHBI — IUIOCKasg 00JacTh. 3aTeM
koManga AMESH ctpout koHeuHO-371eMEeHTHOE pa30oueHHe MOTy4YeHHON 00IacTH.

/JTITLE,

/PREP7
! B cuJjly CHUMMETPUM Balauy PacCMaTPMBAETCS UYETBEPTH I[1JIACTUHKU
! IIMHa 4YeTBEepTHU IJIaCTUHKU
! IIMpUHEI YeTBEePTU IIJIACTUHKNU

A=5
B=2

R=0.25

H=0.1
P=1e3

4qTO TICOMCTpUSA IIJIACTHHBI

W TpaHUYHbIE YCJIOBHUS O00JaIar0T

Plane Stress tension of an elastic plate with a hole

! Pammyc OTBepCTHUS
! TonmmHa IIJIACTUHKU

MP,EX, 1, 2e6 !
MP,NUXY,1,0.3 !

ET, 1, PLANE82 !
CTPYKTYPHOTO aHaams3a

!Crenenn

coCTOdgHME)

! BenmumHa pacTaruBammer Harpys3ku  (kI'/cMm”™2)
Momyne Ora EX=2*10+6 (xI'/cM™2)
Kosdmument IlyacconHa NUXY=0.3
| e e
BocbMUYy3JIOBOM IIJIOCKUM K5 PLANES82 oyig
(UETHIPEeXYTONBHUK C MNPOMEXYTOUHEIMMY Y'3JIaMM)
CBOOOILL : UX, UY, ©no yMOJIUaHMIO — IIJIOCKOE HalpaxX.
| e
! OnpenesieHre TPAHUUHBEIX TOUEK UETBEPTM I[1J1aCTUHKU
! OnpeneJsieHue mJjomanu 1 IO ToUKaM
! Tloxas mJjomanm 1
! OnpemesieHve KpyTra paouMyca R C LEHTPpOM B IlLIeHTpe

K,1,0,0
K,2,A,0
K,3,A,B
K,4,0,B
A,1,2,3,4
APLOT, 1
PCIRC,R

pabouey TJIOCKOCTU

ASBA, 1,2

APLOT,ALL

! BHUMTAaHME M3 IJoWanM 1 [jomaigu 2

(kpyra)

! Tloka3s 4YeTBEepPTM [JIACTMHEL C OTBEPCTUEM



! BazmaHve mnapaMeTpPOB IJig MNOCTPOEHMS CETKM KOHEUHEIX DJIEMEHTOB
KESIZE,ALL,B/4

KESIZE,5,R/5

KESIZE, 6,R/5

AMESH, ALL ! llocTpoeHmre ceTku K3 mma njomanm 3
FINISH

Ha puc. 4 mokazanel mocTpoeHHass o0macth A3 ¢ HAaHECEHHBIMH HOMEpaMH
obmacteit u onopubix Touek. (ITynkrel mento Plot->Areas, st HyMmepanuu obdaacteil u
touek PlotCtrls->Numbering->ormeruts Area numbers, Keypoint numbers).

Ha puc.5 mokazaHel JIMHUK, COCTABJISIIOUIME TIOCTPOCHHYIO  OOJIACTb.
N300paxkensl HoMmepa JuHMA U omopHbIX Touek. (I[lyHkTel meHro Plot->Lines, mis
HyMmepanuu obnacteid u Touek PlotCtrls->Numbering->otrmeruts Line numbers,
Keypoint numbers).

Ha puc.6 mnokazaHsl TMOJIy4YyeHHbIE B pE3yJIbTaTe KOHEYHO-3JIEMEHTHOIO
pa3ouenus 3nemenTsl U y3ibl. ([TyakTel MeHro Plot->Elements, Plot->Nodes).

AREAS ANSYS 11.0
AREA NUM

4 3

Puc. 4. O6nacTs ¢ HOMEpaMH OMIOPHBIX TOUYEK

LINES ANSYS 11.0
LINE NUM

Llﬂ
|

|

|

|

-1

e
5 z

Puc. 5. JIunuu ¢ HoOMepaMu OMOPHBIX TOYEK



NODES

ELEMENTS

Puc. 6. Dnementsl PLANES2 u ux y3msr

3aoanue zpanuynbIix ycaoeuii

[lo ycnoBuio 3amauM TUIACTHHA PACTATHUBACTCS PACHPEICICHHON Harpy3Kon
unTeHcuBHOCTU P=1-10% (x[/cM?), neiicTByromell Ha ee JIEBYH0 M NPAaByI0 I'PAaHH, a
OCTaJIbHbIE IPAaHU CUUTAIOTCSI CBOOOHBIMU OT HampsbkeHui. IlockoabKy Moaenupyercs
npaBasi BEpXHssA YE€TBEPTh IUIACTUHBI, TO TPEOYETCs] MOCTaBUTh YCIOBHUSI CAMMETPUH Ha
JUHUSAX pa3pe3a U YCIOBHE PACTATUBAIOLICH pacHpeleIeHHOM Harpy3ku Ha IpaBoil
rpanu. Ha ocraBmmxcs 4acTsX rpaHULbl HUUETO 33/1aBaTh HE HY’KHO, T.K. 3TO TPAHMUIIbI,
CBOOO/JHBIE OT MEXAHMYECKUX HaANpsDKeHUM. DTo ycinoBue B ANSYS AEHCTBYET IO
YMOJYaHHUIO.

3aMeTuM, 4TO TPaHUYHBIC YCIOBHS MOXHO 337aTh JTUOO Ha CYIIHOCTH KOHEYHO-
AJIEMEHTHOU MOJENH (y3Jbl M 3JIEMEHTHI), TM00 Ha CYIIHOCTU TBEPAOTEIbHON MOJEIU
(iuaum, obnactu). Cnegyer UMETh B BUIY, UTO BCE «TBEPAOTEIbHBIE» TI'PAHUYHBIE
yCIoBUsL OyayT MpeoOpa3oBaHbl B «KOHEUHO-DJIEMEHTHBIC» TPAHWYHBIC YCIOBUS Ha
sTame pemeHus 3anadu. [lpm 3TOM, «TBEpIOTENBHBIC» TpPAaHUYHBIC YCJIOBHS Ha
3aJaHHOW JIMHUM WMEIOT TPUOPUTET HAJ «KOHEYHO-3JIEMEHTHBIMHI» TPaHUYHBIMU
YCIIOBUSIMHU Ha y3JIaX TOH K€ JINHUH.

[IpuBenem ¢parment koma w3 ¢aiima St2LS l.inp. 3meck pacTsaruBaromas
NOBEPXHOCTHAsI HAarpy3ka 3aJaercs Ha y3ibl (CYHIHOCTH K3-MOJENH), a YCIOBHE
CUMMETpPUHU — Ha JUHHUM (CYLIHOCTU TBEPAOTEIbHOW MOJENH). 3aKOMMEHTHUPOBAaHHBIE
KOMaH bl MO3BOJISIOT 331aTh T€ K€ YCIOBUS CUMMETPUHU HA Y3JIbI.

B npumepe mpaBas rpaHb JIEKUT Ha NPSMOM X=d, MO3TOMY pacTITMBaOILIas
MOBEPXHOCTHAsI Harpy3ka 3ajaercsi Ha y3nax ¢ koopauHatot x=a (PRES = -P,
ckumaromas Oyaer ¢ mmocoM: PRES = P). B npumepe (cm. puc. 1) ycnoBus
CUMMETPUU HYXKHO 3a/JaTh Ha JIEBOW TpaHuIie (JIexutr Ha mpsmord X=0, oce OY -
BEpTUKANIbHAsA) M HWXKHEH rpanune (Iexur Ha npsMmod Yy=0, oce OX -
ropu3oHaTajgbHas). YCJIoBUE cUMMETpuu Ha BepTtukaibHOM ocu OY (x=0) o3HauaeT
3ampeT mnepemenieHuid 1o ropuzoHTam, T.e. UX=0. VYcioBue cumMmeTpun Ha
ropuzoHTabHOM ocu OX (y=0) o3HayaeT 3ampeT MEepeMeIIeHU M0 BEePTUKAIIU, T.C.
UY=0.

/SOLU

ANTYPE, STAT ! PemeHme CcTaTUUECKOM 3alauu.

NSEL, S, LOC, X, A ! BrIOOp BCexX Y3JIOB C KOOPOMHATOM X=A

SF,ALL, PRES, -P ! ;g Bcex BHIOPAHHEIX y3JIOB pacTAI'MBaklllas [NOBEPXHOCTHAas
Harpyska PRES = -P

NSEL, ALL ! BepHYTbCS K BHOOPY BCEX y3JIOB MOIEJU

DL, 9,, SYMM ! YcrnoBue cuMmMeTpum Ha JMHMM 9 (JuHUM c Y=0)
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DL, 10, ,SYMM ! YcmoBue cumMeTpum Ha JuHuM 10 (amHMM c X=0)

[ I b b I b b e b I b b b I b I b b I dh b b Sh b R db b S S b b b b b Sb b 2b S db b b S Y

! Ona nynockoro K5 co creneHamu cBobomel UX, UY yCJIOBMSA CUMMETPUM Ha JIMHMAX 9
u 10 3mecsb

| 5KBUBAJIEHTEL CJleyKumrM KOMaHIIaM

! YCJIOBUA CUMMETPUM HA JIMHUAX 1/4 TIJIACTHHH

I'NSEL, S, LOC, X, 0

'D,ALL,UX,0

'NSEL, S, LOC, Y, 0

'D,ALL,UY,O0

!NSEL, ALL

[ B R IR S b b dh b b Sh b dh Sb I 2b S b dh b b db b b Sb b S b b b b b dh b 2 dh b e db b S dh b b Sb b db Sb 2 db b db b db ab

SOLVE ! PeumnTb cucremy MK3
FINISH

Komanaer D u DL 3agaroT orpaHndeHuss Ha CTEIEHH cBOOObI: koMaHaa D — Ha
y3nax, komanga DL — ma numamsx. Komawmaslt SF um SFL 3agaroT moBepXHOCTHYIO
Harpy3Kky: komauaa SF — Ha y3nax, komanaa SFL — Ha TuHUSX.

3amMeTuM, YTO Y3JIbl MOXKHO BBIOMPATh KaK MO KOOpJIUHATAM, TaK U MO JUHUAM, Ha
KOTOPBIX OHU HaxojsTcs. Hampumep, B MOJIeNIbHOM 3ajade mpaBasi TpaHb — 3TO JIMHUS
L2 (cm. puc. 3). Torjaa moBepxXHOCTHYIO HArpy3Ky MOKHO 33/1aTh CJIEAYIOIUM 00pa3oMm:

LSEL, S,LINE,,2 ! Bribop JUMHUM 2

NSSL,S,1 ! Bubop y3JIO0B, JeXallMxX Ha BHOPAHHOMW JIMHUU

! 2 apryMeHT komMaHnmsl NSSL — kJjiod BeHOOpa Y3JIOB Ha JIMHMM (30echk 1 — BHOOpP
BHYTPEHHUX U BHEWHUX y3JI0B (KOHLOB JMHUM); 0 — BHOOP TOJBKO BHYTPEHHUX
Y3JIOB)

SF,ALL, PRES, -P ! ;g BCcex BHIOPAHHEIX y3JIOB IIOBEPXHOCTHAas Harpy3ka PRES = -
P

[Tonmyyaromiasics ~ KOHEUHO-IJIEMEHTHAss  MOJAETh BMECT€ C  NPHUHITHIMH
IpaHUYHBIMU YCJIOBUSIMH Toka3aHa Ha puc. 7. (IIynkter mento Plot->Elements, mis
otoOpaxenuss rpaHnyHbIx ycaosuid PItCtrls->Symbols->ormeruts All applied BC,
BBIOpaTh M300pakeHHE YCIOBHH pacmpeneienHoi Harpysku: Surface Load Symbols-

>Pressures)
[/PsF] Surface Load Symbols |Pressures j
Wisibility key For shells [ Cff
Plat swrnbals in color [w O

Show pres and conveck as M -



ELEMENT 3 ANSYS 11.0

PRES-NOERM
-1000

1

Puc. 7. KoneuHo-351eMEHTHAsI CETKa C TPaHUYHBIMU yCIOBHSIMHU

AHanu3z pezyibmamos paciemos

BriBeneM nedopmupoBaHHyro GopMy IiacTuHbl (puc. 8): myHKTH MeHI0 General
Postproc — Plot Results — Deformed shape — Def + undef edge (nedopmupoBantas
CETKa B CPAaBHEHHH C HeJe(hOPMUPOBAHHBIM KPaeM).

DISPLACEMENT

STEP=1
SUB =1
TIME=1
DMX =.002555

Puc. 8. [ledbopmupoBannas ¢hopma miaacTuHbl (1edhopMUpOBaHHAS CETKA B
CpaBHEHUU C HeIePOPMUPOBAHHBIM KPAEM)

B KadecTBe pe3ysbTaTOB PACYETOB MOXKHO TPHBECTH KAPTHHBI PACIpEIeIeHHs
ocesbix mepemernennii Uy (puc. 9), oceBbix Hanpspkernit Tyy (puc. 10) u OKpyKHBIX
(TaHTeHIIMAIBHBIX ) HANPSDKEHUI Too (puc. 11).
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ITyHKTH MEHIO JUIs M300paXKeHUs KapTHHBI pacrpenenenus nepeMemnenuii Uy:
General Postproc — Plot Results — Contour Plot — Nodal Solu — DOF Solution —
X-Component of displacement.

ITyHKTBI MeHIO Uil M300pa)KeHHsI KapTUHBI PAcHpelesIeHHs] HamlpshDKeHUH Tyy.
General Postproc — Plot Results — Contour Plot — Nodal Solu — Stress — Y-
Component of stress.

HYHKTBI MCHIO JJIA I/I306pa)KGHH51 KapTHHBI PaCIpCACIICHUA TaHI'CHIUAJIBbHBIX
HanpsDKeHUH Tg (KoOpauHAaTa Y COOTBETCTBYET KOOpAHMHATE € B II0OATIBHOM
HIIMHAPHYECKON cucteMme koopauHat). General Postproc — Options for Outp —
Results coordinate system — Global Cylindrical; Plot Results — Contour Plot — Nodal
Solu — Stess —Y-Component of stress.

NODAT. SOLUTION ANSYS 11.0

STEP=1

SUB =1

TIME=1

Ux (BVG)
R8YS=0

DMX =.002555
sSMx =.002538

MN

o -564E-03 .001128 -001692 .002256
.282E-03 .B46E-03 .00141 .001574 .002538

Plane Stress tension of an slastic plate with a hole

Puc. 9. Pacnpenenenue nepemenieHnii Uy
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NODAL SOLUTION ANSYS 11.0

STEP=1

sUB =1

TIME=1

Y (AVE)
RSYS=0

DMX =.002555
SMN =-1028
SMX =524.417

-1028 -683.0B1 —-338.082 6£.5918 351.517
-855.581 -510.581 -165.582 175.417 524.417

Plane Stress tension of an elastic plate with a hole

Puc. 10. Pactipenenenue oceBbIX Haps>KEHUN Tyy

NODAL SOLUTION ANSYS 11.0

STEP=1

SUB =1

TIME=1

sY (AVE)
RSYS=1

DMX =.002555
SMN =-1028
SMX =3035

-10z28 -125.16e8 T77.745 le81 2584
-576.624 326.288 1225 2132 3035

Plane Stress tension of an elastic plate with a hole

Puc. 11. Pacnipenenenue TaHT€HIIMAIBHBIX HAPSHKEHUH Too

Kak BuaHO u3 puc. 10 u 11, oTBepcTHE ABISETCS KOHIIEHTPATOPOM HAMPSKEHHUI.

JInsi cpaBHEHHS YHCJICHHOTO PEIICHHS C aHAJUTUYCCKHM MOCTPOUM TIpaduk
TAHTCHIMAJIBHBIX HAMPSKCHUNA BAONb TYTH (pHC. 12), MPOXOIAIIEro 4Yepe3 TOUYKY
MaKCUMyMa, @ IMEHHO BJIOJIb OCH OPMHAT OT Touku ¢ koopauHatamu (0,R) 10 Touku ¢
koopauHatamu (0,b).
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Jnis moctpoenus rpaduka BAOJIb MyTH B UHTEPAKTUBHOM PEXXHUME HYKHO:
1) 3agath TOYKH, ONPEACISIONINE MyTh: BBHIBECTH KOHEYHO-IJIEMEHTHYIO CETKY

wim y31el (B BepxHeMm MmeHto Plot — Elements wm Plot — Nodes), 3atem B
Main Menu Bsiopats General Postproc — Path Operations — Define Path —
By Nodes u MbImikoi yka3aTth y3ibl B Toukax ¢ koopauaaramu (0,R) u (0,b).

B oTkphIBIIEMCS OKHE BBECTH UMSI ITyTH, Haripumep Mypath:
n By Nodes
[PATH] Define Path specifications

Mame Define Path Name:

nSets Mumber of data sets 30

nDiv  Mumber of divisions 20

QK | Cancel | Help |

[lepemennas o ocu abcuucc Ha rpaduke OyJIeT pacCTOSHUEM BIOJIb MYTH
(Distance).

2) Ompenenuth, Kakyr MEpPeMEHHYI0 BBIBOAWTH 1O ocu opauHat: General

Postproc — Path Operations — Map onto Path u B oTkpbIBIIEMCST OKHE 3a1aTh
UMsI TIEPEeMEHHOM M BBIOpaTh camMy IepeMeHHyro. JlIsi TaHreHIHaTbHBIX
HanpspKeHU Tgo 3amaaum ums nepemennoit T_THETA u Beibepem Stress, Y-
direction SY.

n Map Result ltems onto Path

[PDEF] Map Result ltems onto Path

Lab User label for item

T_THETA

DOF solution

Item,Comp ltem to be mapped K-direction 5K

Strain-total
Energy
Strain-elastic
Strain-thermal
Strain-plastic

Z-direction 5Z
K¥-shear SXY
YZ-shear  SYZ

|Y-d|rectlon SY |

[AVPRIN] Eff NU for EQV strain |:|
Average results across element W Yes
[/PBC] Show beundary condition symbol
Show path on display ™ Mo
oK | Apply | Cancel Help

3) Hapucosats rpaduk: General Postproc — Path Operations — Plot Path Item

— On Graph w B OTKpBIBIIEMCS OKHE YKa3aTh BBEICHHYI paHee
IIEPEMEHHYIO:

n Plot of Path Items on Graph

[PLPATH] Path Plot on Graph
Labl1-& Path items to be graphed

oK Apply Cancel | Help |
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POST1 ANSYS 11.0

STEP=1
SUB =1
TIME=1
PATH PLOT

3035.0246
2829.47¢
2623.929
2418.382
2212.835
2007.288
1801.741
1596.194
1390.647

1185.1

579.553

L1758 .525 .875 1.225 1.575

Plane Stress tension of an elastic plate with a hole

Puc. 12. I'paduix TaHTCHIIMAIBHBIX HAMPSHKEHUH BIOJIb MYTH

MakcuMyM HanpsKCHUW MOJYy4YaeTCcss B TOUYKE ¢ KOOpJIAMHATAMU (O,R) 0, =3035
(x['/cm?). Takum 00pa3oM, NOCKOIBKY PacTATUBAIONIAs HArpys3ka Obuta pasHa pP=1-103
(x['/cM?), TO HAaNPSKEHUS B OKPECTHOCTH KOHIIEHTPATOPA BO3PACTAIOT NPHOIM3UTEILHO
B 3 pasa.

Puc. 8-11 MOXHO Takke BBIBECTH C TIOMOIIBIO CIICIYIOMMX KOMAaH]I
MOCTIIpolIeccopa:

/POST1

/PLOPTS, LOGO, OFF ! Jlororun ANSYS He HOKka3bBaTh B I'padruecKoM BUIE
/PLOPTS, FRAME,OFF | He mokas3bBaTh pPamKy

/PLOPTS, DATE, OFF ! He mokaseBATbh JAaTy

SET, last ! CuuTeiBaHMEe pe3yJbTaTOB (Heobgz3aTesibHO mjigd Ansys 11.0)
PLDISP, 2 !TebopMmupoOBaHHaSa bopma (BereOonm 0edOpMMPOBAHHOM CETKM C
HenepoOpMMPOBaHHEIM KpaeM)

! Bamepxka OJg NPOCMOTPAa KAPTUHKU

*ASK, TMP, ANY NUMBER OR PRESS "ENTER"

PLNSOL,U,X ! BreBOI IHepeMelleHuM O ocu X

*GET, UXMAX, PLNSOL, 0,MAX ! UXMAX - MaKCUMaJIbHEE I[epeMelleHMrs N0 ocu X
! Bazmepxka IJIg IPOCMOTPa KapTUHKU

*ASK, TMP, ANY NUMBER OR PRESS "ENTER"

PLNSOL, S,Y ! BHIBOI OCEBEIX HaNpaxXeHUM (B IeKapTOBOM CUCTEeMe KOOPIMHAT)

! Bagepxka Ojg NPOCMOTPa KAPTUHKMU
*ASK, TMP, ANY NUMBER OR PRESS "ENTER"
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RSYS, 1 ! [lepexon B LUMIIVHOPUYECKYIO cucremy KoOopAaMHAT oJis

IpelCcTaBJIEHUSA PEe3yJIbTaTOB
PLNSOL, S,Y ! BrirOIn TaHT'€HUMAJIbHBEIX HaNpsSXeHUN (B UMIIMHOPUYECKOM

cucTeMe KOOPIMHAT)

Puc. 12 garotr komaHIpI MOCTHIpOIIECCOpA:

/POST1

[ I I B b I b I b I e b I I b b I b I b b dh b b Sh b db b S S b b Sh b b Sb b 2h ah b db b b ah Y

! T'paduk TaHreHUMaJbHHX HanpsxeHur T Theta

! Bomonib nyTu Ha ocu OX ot Toukm (0,R) mo Toukm (0,B)
! Bamepxka IOJg NPOCMOTPAa NPEeObOyled KapTUHKU

*ASK, TMP, ANY NUMBER OR PRESS "ENTER"

PATH, XX, 2

PPATH,1,,0,R

PPATH,2,,0,B

PDEF,T Theta,S,Y

PLPATH,T Theta
IR R ]

RSYS, 0 ! Bo3BpaT B HOEeKapPTOBYK CHUCTEMYy KOOPIAMHAT IJisd [IpelCTaBJIeHWUs
pPesyJbTaTOB

Nmeet cMbIc 00paTuTh BHUMAHUE Ha CJIEIYIONIME KOMaHIbl: KOMaHIY 3aJIePKKU
*ASK, KkoTopasi TMO3BOJSIET TMOCMOTPETh OJHY W3 KapTUHOK TIEpPEea  BBIBOJOM
cnenyromeit; komanny *GET, kotopas 3aech mnomemaer B mapamerp UXMAX
3HaUYE€HHE MAKCUMAJIbHOTO mepemenienus no ocu X; komanay RSYS,1, kotopas nmaer
BO3MOXHOCTH BBIBOJIUTH PE3YJIbTAThl B IIMJIMHIPUYECKON CUCTEME KOOPAMHAT, U, TAKIM
oOpa3om, mojlyyaTh 3HaueHUs1 Ogy; U komanasl PATH, PPATH, PDEF, PLPATH.

HOCJ’IC}IHI/IG KOMaH/JBI IMTO3BOJIAIOT ITOJIYUYUTD FDad)I/IK IIOBCACHUA KaKOHW-1100 BEINYHHBI
BIOJb ONPCACIICHHOIO TCOMECTPHUYCCKOT'O ITYTH.
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