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1 MPAKTHUYHE 3AHATTSA Ne 1

AHaniz MOKJIMBOCTEH Ta o0acTell BUKOPHCTaHHS METOLY KIHLIEBHX
eneMeHTiB. Etanu KiHI|eBO-€lIeMEHTHOTO aHallizy

1.1 MeTa poGoTn

OzHalioMJIeHHSI 3 MOXJIMUBOCTAMU Ta OOJACTSIMH BUKOPHCTaHHS
METOJy KIHIIEBO-SJIEMEHTHOTO aHalli3y. 3aCBOEHHS IIOCIIIIOBHOCTI €TaIliB
KIHIIEBO-E€JIEMEHTHOT'O aHaII3y.

1.2 3araapHi BizomocTi

OCHOBHOIO 3a/laycro IHKEHEpa SBJISETHCS TPOSKTYBAHHS Ta
pO3paxyHOK pI3HOMAaHITHHX KOHCTPYKITiH. lle BuMarae Bim HHOTO 3HAHHS
OaraTh0X mTpenMeTiB B pPBBHHX cdepax, CTapaHHOCTI, YBaXXHOCTI Ta
BEJHKOro 3amacy 4acy. CydacHi mporpaMu 3Ha4HO TOJETITYIOTh poOOTY Ta
JO3BOJISIIOTH POOMTH PO3PaXyHKH 3HAYHO MIBHAINE Ta sKicHime. Takox
BOHM Bi3yalli3yIOTh IPOIIEC IPUKIIAJAHHS 3yCHIIb, MOMEHTIB, CEPEIOBUII Ta
MOKa3ylTh, M0 OyJe 3 KOHCTPYKIIEI, NETaJuTi0 4Yepe3 TOH UM IHIIHHA
MIPOMDKOK Yacy.

Ha pganwif gac icHye 6arato cucTeM KOMIT I0TEPHOTO PO3PaXyHKY, aie
ix mokHa Buaimuty B 18i rpymu: CAD (Computer — Aided Design) ra CAE
(Computer — Aided Engineering). CAE-cucremMu Tpu3Ha4eHi s
MOJICIOBAHHS 1 aHaNi3y pPI3HOMaHITHUX (I3UYHUX IPOIECIB, TAKUX SIK
HaBaHTAXXEHHS OalkW, pyHHYBaHHS KOHCTPYKIl, MPOTSATOM IIOBITPS B
BEHTWILIMHUX maxTtax 1 T. X. bimpmicts cyuacHux CAE-cuctem
3aCHOBaHA HA TIOBHUX MaTEMAaTUYHUX MOJIEISX, IO MPEICTaBISIOTH COO0I0
CHCTEMH PIBHSHb B YACTHHHHX ITOXITHHX, SKI BUPIIIYIOTHCS 32 JOIOMOT OO
METOJIIB KIHIIEBUX PIi3HMIIb, KIHIIEBUX OOCSTIB 1 KIHIEBUX EIEMEHTIB,
3okpema Ansys Mechanical APDL [1] (mix 9ac mnpakTHYHUX 3aHSATh
BHUKOPHUCTOBYETHCA JlilleH3iiiHa Bepcis 4.0).



OCHOBHI eTanu KiHIIEBO-CJIEMEHTHOTO aHAJII3Y:
a) Preferences — Bkasye tun po3paxyHky (puc.1.1).

n Preferences for GUI Filtering

[KEYW] Preferences for GUI Filtering
Individual discipline(s) to show in the GUI

[~ Thermal
[~ ANSYS Fluid

Electromagnetic:

[~ Magnetic-Nodal
[~ Magnetic-Edge
[~ High Frequency
[~ Electric

Note: If no individual disciplines are selected they will all show.

Discipline options

& h-Method

oK Cancel Help

Pucynok 1.1 — Ctpykrypa posminy romosHoro Meuto Preferences

0) Preprocessor — Ha crafii mpernpoiecopHoi MATOTOBKH BHKOHYETHCS
BHOIp THITy PO3paxyHKiB, MOOya0Ba MOZeNi W TOJATOK HAaBaHTAXKEHb
(Bximrodaroun ¥ TpaHWYHI yMOBHM). TyT 3amaroTbcs HEOOXimHi JUTs
po3B's3ky BuximHi mani. KopuctyBau BHOMpae KOOPAMHATHI CHCTEMH U
TUTIM KIHIIEBUX €JIEMEHTIB, yKa3ye MPYKHI MOCTiiHI i (i3uKo-MexaHiuHi
BIIACTHBOCTI Marepiamy, Oyaye TBepAy MOAENb 1 CITKYy KIHI[EBUX
eNleMEHTIB, BUKOHYE HEOOXiqH1 Ail 3 By3IaMu I eleMeHTaMH CiTKH, 3a/1a€
PIBHSHHS 3B'S3Ky W OOMeXeHHA. MO)KHa TakKOXX BHKOPHCTOBYBAaTH
MOJIyJTb CTATUCTHYHOTO OOJIIKY JJISl OI[iIHKK OYiKyBaHHX PO3MIpiB ¢ailiiB
1 BUTpat pecypcis nam'sati(puc.1.2).



iMain Menu
Preferences

=
Element Type
Real Constants
Material Props
Sections
Modeling
Meshing
Checking Ctrls
Numbering Ctrls
Archive Model
Coupling / Cegn
Multi-field Set Up
Loads
Physics
Path Operations
Solution
General Postproc
TimeHist Postpro
ROM Tool
Radiation Opt
Session Editor
Finish

Pucynok 1.2 — CtpykTypa po3ainy romoBHOro MeHI0 Preprocessor.

B) Solution — TIlicas Toro, sK NpH MNPENPOIECOPHii MiArOTOBII
moOymoBaHa poO3paxyHKOBa MOJENb, MO)KHA TIEPEXOMUTH 10 CTafii
po3B'sa3Ky 3aBnaHHsA. Llei eranm MicTHTB y co0i 3aBJaHHS BHAY aHAII3Y i
Horo omuiil, HaBaHTa)KeHb, KPOKY PO3B'SI3KY M 3aKIHUYETHCS 3aITyCKOM Ha
PaxyHOK KiHIIEBO-eJIEMEHTHOT 0 3aBaHHs (puc.1.3).



Main Menu

Preferences
Preprocessor

=

Analysis Type
Define Loads

Load Step Opts

SE Management (CMS)
Results Tracking
Solve

Manual Rezoning
Multi-field Set Up
ADAMS Connection
Diagnostics
Unabridged Menu
General Postproc
TimeHist Postpro
ROM Tool

Radiation Opt
Session Editor

Finish

HHEEK

Pucynok 1.3— CtpykTypa po3ziay roisoBHoro mexto Solution

r) General Postproc — V nporpami ANSYS crazis mocTmporiecopHoi
00pOoOKM ime 3a cTajisiMH TPENpOIECOPHOI MiATOTOBKH W OJEp KaHHS
PO3B'A3KYy. 3a [IOMOMOrOI0 IIOCTIPOLIECOPHUX 3aco0iB MpOrpaMu €
MOXKJIMBICTD 3BEPHYTHCS JI0 PE3YJbTATIB PO3B'S3KY i IHTEPIpETyBaTH iX
moTpiOHMM oOpazom. PesympTaTu pilieHHS BKIIOYAIOTh 3HAYEHHS
MepeMillleHb, TEMIIEpaTyp, HAIPYT, aedopmarriid, MBUAKOCTEN 1 TEILTOBUX
motokiB. IlimcymxoM poOOTH MporpaMu Ha IOCTIIPOLIECOPHOI CTaii €
rpagiune i (a0o) TabnryHe MOAaHHS pe3yabTatiB. I'padiune 300paxeHHs
Moxe OyTW BHBEIEHE Ha MOHITOp B IHTEPAaKTUBHOMY PEXKHUMI MiJ dac
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MOCTITPOIIECOPHOI 00po0KM abo TepeTBOpeHe y TBepay Kormito (puc.l.4)

3]

Main Menu

Preferences
Preprocessor
Solution
=
Data & File Opts
Results Summary
Read Results
Failure Criteria
Plot Results
List Results
Query Results
Options for Outp
Results Viewer
MNodal Calcs
Element Table
Path Operations
Surface Operations
Load Case
Check Elem Shape
Write Results
ROM Operations
Submodeling
Safety Factor
Define/Modify
Nonlinear Diagnostics
Reset
Manual Rezoning
TimeHist Postpro

Pucynok 1.4— CtpykTypa po3ainy rojgosHoro mexto General Postproc



1.3 KonTpoabHi 3andTaHHs 1Js caMonepeBipKu i
KOHTPOJII0 MiArT0OTOBJIEHOCTi CTYAeHTIiB 10 podoTH

1 IlepepaxyiiTe OCHOBHI 3aladi, sIKi BHUPIIIYIOTbCS 3a JOIMOMOIOIO
ANSYS?

2 [epeniunth OCHOBHI po311iik TOJIOBHOTO MeHIO ANSYS.

3 [epepaxyiiTe erany BUKOHaHHS po3paxyHKiB B ANSY'S.

4 Ha3BiTh Mpu3HauCHHS OCHOBHUX PO3JILIIB TOJIOBHOTO MEHIO.

5 IlepepaxyiiTe HaWOUIBII YAaCTO BUKOPUCTOBYBAHI KOMaH/IW MaHEi
THCTPYMEHTIB.

6 Ha3zgith mnpuzHaueHHs (MOMKJIMBOCTI) OCHOBHUX KOMaHJ| IaHel
IHCTPYMEHTIB.

7 BkaxiTh OCHOBHI BUMOTH JI0 PO3TAIlIyBAHHS PO3PAaXyHKOBHUX (paiiiiB
ANSYS ra ix Ha3BH.

1.4 Bka3iBKH 3 TeXHIiKH 0e3nmeKn

1 Jlo mpakTHYHUX POOIT JOMYCKAIOTHCS CTYASHTH MICISI IHCTPYKTaXy
3 OXOPOHH TIparli i TOXKeXKHOI Oe3IMeKH.

23a00pOHSEThCS BKIIIOYATH CICKTPUYHI mpuiagm 0e3 O3B0y
3aBimyBada 1abopaTopic€ro YM BUKIIA1ada.

3V BUMaAKy MOKEKI YM MOPA3KH EIEKTPUIHUM CTPYMOM CTYICHTH
MOBUHHI MJIATH Y BiINOBIMHOCTI 13 3aTBEPIPKEHUMHU IHCTPYKIISIMH 3
OXOPOHU TIpalli 1 TOXKEXKHOI OE3TEKH.

1.5Ilopsanok npoBegeHHs PoOOTH

1 Bigkputu O¢aiin B Mechanical APDL Product Launcher
(posrariryBanHs Ta Ha3By (ailry BKazye BUKJIaaaq).

23a JOIIOMOI'O0 BHKJIaJayda O3HAMOMHUTHUCS 3 OCHOBHUMMU pOBI[iJ'IaMI/I
ocHoBHoro MeHto (Main Menu) (puc.1.5).
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Main Menu
Preferences

Solution

General Postproc
TimeHist Postpro
ROM Tool
Radiation Opt
Session Editor
Finish

Pucynok 1.5— OCHOBHI pO3/IiIH TOJIOBHOTO MEHIO.

3 Pospaxysaru 3amany mozaens( Solution — Solve — Current LS)

4 Busectu pesynsTaty 3a gomomororo General Postproc.

5 Tlo 3aBmaHHIO BHKIaJaya migroryeatd Gain mas 3BITY Ta
36epertu (aiir i3 po3paxyHKOM.

1.6 3micT 3BiTY

Mera 1 MeTOAMKAa BHKOHAHHS WPAaKTHYHOI poOotH. Kopotki
TeopeTudHi BimoMocti. llopsimox miii (KpOKiB) AJIsl OTpUMAaHHS Pe3yIbTaTiB
po3paxyHky. PosmpykoBanmii Qaiinm 3 pesynbraTamu (IpH HAsSBHOCTI
MOXJIHBOCTI). BHCHOBKHM 110 POOOTi.

PexoMennoBana Jiteparypa

1 bacoB K. A. I'padpmueckuit natepdeiic komraexkca ANSYS: M.:
MK, 2006. 248 c.

2 Kamyn A.B., MopozoB E.M., OndepreBa M.A. ANSYS B pykax
nnxenepa: M.: Enutopuan, YPCC, 2003. 272c.
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3 Yurapes A.B., KpaBuyk A.C., Cmamok A.®. ANSYS s
nmxeHepos: Crpas. mocobue. M.: MammHoctpoenue-1, 2004. 512c.

4 Mopozos E.M., Myiizemuek A.1O., Hlanckuit A.C. ANSYS B pykax
nHxenepa: Mexanuka paspymenus: M.: JTEHAH/I, 2008. 456c.

5 Moo C.H. AnTtoniok J[.A. IlepcrieKTHUBBI HCTIONIB30BAHUS
COBPEMEHHBIX KOMITBIOTEPHBIX CHCTEM MPOSKTUPOBAHUS U MOJCITHPOBAHUS
CBapHBIX KOHCTPYKIIHMIA W MPOU3BOJICTBA MOKPBITHI. CBapKa U KOHTPOJIb.
T.3./C.H. ITonos, JI.A. Autontok. Ceapounvie mamepuanvl. Texnonozus.
Csapounoe obopyoosanue. Ilepmb, 2004. C.180-185.

6 Ilomo C.H., Artontok /[.A., MapkoB A.U., Jlucynos 0.1,
[omnosa T.H. MccnenoBanue HanpsbkeHHO-IeOPMUPOBAHHOTO COCTOSTHHUS
CTaJIbHBIX KOHCTPYKIIMI Ha OCHOBE MporpamMMHoro komriekca ANSYS.

Hoesi mamepianu i mexnonocii 6 memanypeii ma mawunooyoy8anHi.
Sanopixkxs, 2004, Bun.2. C.107-112.
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2 IPAKTUYHE 3AHATTS Ne 2

Po3pobka reomerpuunoi Moneni BupoOy. MojielltoBaHHS B MPEIPOIECOpi.

2.1 Meta podoTH

3acBOEHHS  CHOCOOIB  PO3POOKM  KIHIIEBO-CJIEMEHTHOI — MOJIENi
00’€MHOT JIeTaji 4y 3BapHOi KOHCTPYKIIii.

2.2 3araabHi BigzomocTi

2.1.1 OcHoBHI iHCTpYMEHTH po3/iay rojgosHoro mento Modeling.
Preprocessor — Ha cramii IpemponecopHoi MiATOTOBKH BUKOHYETHCS
BHOIp THUIy PO3paxyHKiB, MOOyI0oBa MOJedi i TOTaTOK HaBaHTAKCHb
(Bximrouatoun W TpaHWuyHi yMOBH). TyT 3amaroTbes HEOOXImHI s
po3B's3Ky BuxigHi mani. KopuctyBad BuOHMpae KOOPAMHATHI CUCTEMH W
TUTIM KIHIIEBUX €JIEMEHTIB, yKa3ye MPY>KHI MOCTiiHI i (i3uKo-MexaHiuHi
BIIACTHBOCTI Marepiamy, Oyaye TBepAy MOAENb 1 CITKYy KIHI[EBUX
elIeMEHTIB, BUKOHYE HEOOXiqH1 Ail 3 By3JIaMH I elleMeHTaMH CiTKH, 33/1a€
pPIBHSHHS 3B'S3Ky W OOMeXeHHA. MOXKHA TakKOXX BHKOPHCTOBYBAaTH
MOJIyJTb CTATUCTHUYHOTO OOJIKY JJISl OI[IHKMA OYIKyBaHHX PO3MIpIB (ailmiB
1 BUTpAT pecypciB mam'sTi.
Posmin romoBuoro Mmenio Modeling mortpiben mis  pobotu 3
TEOMETPUYHOI0 ~ MOJEIUTIO:  TOOyIOBa, BHIAJCHHS,  KOIIOBAaHHS,
TIepEMIIeHH . . .
Create (3 aHmI CTBOPUTH) — KOMaHAa Ui CTBOPEHH:/TOOYI0BH
eIIeMEHTIB!
- Keypoints (3 aHri. Touku) — 103BOJISIE CTBOPUTH TOYKU HA POOOIOMY
CTOMI, JiHii, BY3i...
- Lines (3 auru. minii ) — moOymoBa Jiniii (Lines), komna (Arcs), kpusa
(Splines).
- Areas (3 aHTJI. TUIOIIMHA) — CTBOPEHHS PI3HMX F€OMETPUYHUX
IUTOILMH: KPYT, IPSIMOKYTHHK, 0araTOKyTHHK, JOBUIbHA IJIOMIMHA
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(Arbitrary).
- Volumes (3 auri. 06’emu) — mobya0Ba 00’ eMHUX (iryp: OJI0K,
UWITIHAD, TpU3Ma, cepa, KOHYC, ycideHa mipamiza.
Move (3 aHriI. mepeMilieHHs) — KOMaHaa CTBOPEHA TS TIepeMIleHHs
CIIEMEHTIB.
Copy (3 aHIII. KOMIIOBaTH) — JI03BOJISIE KOIIIOBATH BUUICHI €JIEMEHTH.
Delete (3 anr1. BUAATHTH) — BUIAJISAE BUIIICHI €TEMEHTH.

Main Menu

Preferences
= Preprocessor
Element Type
Real Constants
Material Props
Sections
=
Create
Operate
Move | Modify
Copy
Reflect
Check Geom
Delete
Cyclic Sector
Genl plane strn
Update Geom
Meshing
Checking Citrls
Numbering Ctris
Archive Model
Coupling I Cegn
Multi-field Set Up
Loads
Physics
Path Operations
Solution
Pucynok 2.1 — ITigpo3ainu po3ainy romosaoro mexro Modeling
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2.2.2 Enemenr Plot

[Ipu poOoTi 3 pi3HUMH NPOEKTAMH IHKOJIHM MOCTAa€ 3aBAAHHS PO3TIHYTH
KOHCTPYKIito B iHImomy Burisgi. Tak emnement Plot (puc.2.2) nossosnsie
MOKa3aTh TOYKH, IUIOMIMHHU, 00‘eMu. 300pasuTH TPUKIAJICHHS CHI Ta
MOMEHTIB Ta iH.

n ANSYS Academic Teaching Introductory Utility Menu (Name)

File Select List Plot PlotCtrls WorkPlane Parameters Macro MenuCtris Help

_|_J_|_J @ Replot

Toolbar \ Keypoints '
Lines
Areas
Volumes
Specified Entities  *

Nodes
Elements
Layered Elements ..

Materials
Data Tables
Array Parameters ...

Results y
Multi-Plots
Components 4

Pucynok 2.2 — P03TaI_HyBaHH$I enementy Plot
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2.2.3 Enemenr PlotCtrls

B xonmi moOymoBu o00’emMHOi Momeni dacTto OyBae Tak, IO Yepes
HATPOMa/KEHHSI BEJIMKOI0 KUIBKICTIO €NEMEHTIB KOHCTPYKIii, IPOEKT
BaXKKO OMIHWUTH. TOMY JUIS YHOPSIKYBaHHS Ta HAIAIITYBAaHHS KPECICHHS
BHUKOPHUCTOBYIOTE eieMenT PIoOtCtrls (puc.2.3).

n ANSYS Academic Teaching Introductory Utility Menu (Name)

File Select List Plot PlotCirls WorkPlane Parameters Macro MenuClrls Help

EIE‘VJE@@ Pan Zoom Rotate ...

View Settings 4
Toolbar

Numbering ...
Symbols ..

i Style »
Font Controls 4
Window Controls »
Erase Options 4
Animate 4
Annotation >

Device Options ..

Redirect Plots »
Hard Copy 4
Save Plot Cirls ...
Restore Plot Ctrls ...
Reset Plot Ctris

Capture Image ...
Restore Image ...
Write Metafile %

Multi-Plot Controls ...
Multi-Window Layout ...

Best Quality Image 4
Pucynok 2.3 — PosramnyBanus enementy PlotCtrls

3a nomomoroto myHkTy Numbering kopucTyBad MOXe MPOHYMEpyBaTH
OCHOBHI €JI€EMEHTHU: TOYKH, JIiHil, IUIONIWHHA Ta iH. (puc.2.4).
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n Plet Mumbering Controls

[/PNUM] Plot Numbering Controls

KP  Keypoint numbers [~ Off
LIME Line numbers [~ Off
AREA Area numbers [ Off
VOLU Volume numbers [~ Off
MODE Mode numbers [~ Off
Elern / Attrib numbering Real const num j

TABN Table Mames

Section numbers

SVAL Mumeric contour values Element C5 num

Wavefront ord v
DOMA Demain numbers I Semeree
[/NUM] Mumbering shown with |Co|orson|}r j
[/REPLOT] Replot upon OK/Apply? |Rep|ot j

0K | Apply | Cancel | Help

Pucynok 2.4 — Ctpykrypa myukry Numbering

IMpu Bigkpurti Symbols, y HOBOMy BiKHI MO)KHA BKAa3aTH Pi3HI CHMBOJIH
U BimoOpaskeHHS PI3HUX HAaBaHTAKEHb y MPOTpaMi: MPUKIAJCHHS CHIIH,
THCKY, MOMEHTIB, KOIbOPOBi (iIbTpH Ta iH. (puC.2.5).
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n Symbols

[/PEC] Boundary condition symbaol
f¢ All BC+Reaction

" All Applied BCs
" All Reactions
" Mone
" For Individual:
Individual symbuol set dialog(s) [v Applied BC's
to be displayed: [v Reactions

[v Miscellaneous

[/PSF] Surface Load Symbaols Pressures j
Visibility key for shells [ Off
Plot symbels in color v On
Show pres and convect as -

[/PBF] Body Load Symbols |Nnne ﬂ

Show curr and fields as Contours -

Pucynok 2.5 — Ctpykrypa nyHkry Symbols

2.3 KoHTpOJBbHIi 3anMTaHHA AJSA caMonepeBipku i
KOHTPOJII0 MiAT0OTOBJEHOCTi CTYeHTIiB 10 podoTH

1 Hasenite iepapxito (OJIOK-cXeMy) CTPYKTYpHHX CKIAJOBUX, SKi
MPUIMAIOTh Y9acTh MPH CTBOPEHHI TPUBUMIPHUX MOAENeH (TOUOK, JiHIH,
MTOBEPXOHB, 00 EMIB).

2 Ha3BiTh OCHOBHI IepeBaru Ta HEeAONIKU BiIOOpaKeHHS TEOMETPUIHOT
MOZIEJTi 32 JIONOMOT'OF0 OKPEMHUX CTPYKTYPHHX CKIIJIOBHX.

3 Brkaxith, B SKOMY pO3IUII TOJOBHOI'O MEHIO pPO3TAIIOBYIOTHCS
IHCTpYMEHTH JIJIs TOOY0BY T€OMETPUIHOT MOIei?

4 TlepeniunTh omepanii, siIki MOXKJIMBO MPOBOJUTH HajA 00’€KTaMu Npu
CTBOpPEHHI I'€OMETPUYHOT TPUBUMIPHOI MOJEi?
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5 Bkaxitb, 3a SKMMU O3HaAKaMH MOXXHAa HyMepyBaTH Ta BiloOpaxatu
OKpeMi CTPYKTYPHi CKJIaI0Bi T€OMETpHYHOI Mozemi?

6 Onumite, B SKUX BUMAIKaX € MOXJIHMBICTH OyqyBaTH T€OMETPUUYHY
MOZIEJIb JIUIIIE 33 JOMOMOTOXO JIiHIH?

2.4 Bka3iBKHU 3 TexHiKH 0e3neKku

1 Jlo mpakTHYHKX POOIT JOMYCKAIOTHCS CTYACHTH MIiCIs IHCTPYKTaXY 3
OXOPOHH Tpalli 1 MOXKEKHOT Oe3MEeKH.

2 3a00poHSIETHCA BKIIOYATH CICKTPUYHI MpHiIagd 0e3 JT03BONIY
3aBiyBaya JabopaTopiero 4M BUKJIa[ada.

3 YV BHUIQJKy TOXKEXKI YU TOPA3KH ENEKTPUYHUM CTPYMOM CTYICHTH
MOBUHHI JIATH Yy BIINOBIAHOCTI 13 3aTBEPKEHUMH IHCTPYKIISIMH 3
OXOPOHH IpaIli 1 MOKEKHOT OE3MEKH.

2.5 IlopAaoK NpoBeaeHHS PoOOTH

1 Binkputu maynuep Mechanical APDL Product Launcher «...» (Bci
Ha3BH BKA3yBaTH JJATHHCHKUMH CHMBOJIAMH).

2 3a J0moMOror BHUK/Iajaya O3HAHOMHMTHCSA 3 OCHOBHHUMH DO3ALIaMH
ocxosHoro Merto (Main Menu).

3 CrBoputu pospaxyHkoBy wmomenb (Preprocessor — Modeling —
Create...) 3rigHO i3 3aBHaHHAM (HOMEp €cKi3y - ocTaHHS mudpa HOMEpY
3amikoBoi kHWkKW ([omatok 1), Homep psaka i3 po3mipamu —
nepenocTanHs mudpa HoMepy 3aMKoBo1 KHIDKKH (JlomgaTok 2).

4 Tlo 3aBmaHHIO BUKJIAJaya ITOKAa3aTH T'OTOBY MOJENb 3a JIOHMOMOT OO
TiHiHA (TOBEPXOHB, TOUOK).

5 Ilo 3aBmaHHIO BWKIaJa4a BHOpAaTH KOHKPETHI IIOBEpPXHi, JIiHil,
TTOBEPXHI, IO KOHTAKTYIOTh 3 OOpPaHUMHU JIIHIIMHU.

6 Ilo 3aBmaHHIO BHKJIaJava IAroTyBaTh (ail st 3BiTy Ta 30epertu
(haiin i3 moOyI0BaHOK MOJIEILITIO.
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2.6 3micT 3BiTY

Mera 1 Meromuka BUKOHAHHS MpakTH4HOi poboTtn. Kopotki
TeopeTHuHi BimomocTi. [TocminoBHICT MOOYAOBA T'€OMETPHUYHOI MOJIEII.
PozmpyxkiBka (aiiny i3 300paxeHHsIM Moeni (TIPH HASIBHOCTI MO>KJIIHBOCT1).
BucHOBKH 10 poOOTi.

PexoMeHoBaHa JiTepatypa

1 Baco K.A. I'paduueckuii uarepdeiic kommuexkca ANSYS: M.
JIMK, 2006. 248 c.

2 Kamnyn A.B., Mopo3os E.M., Ondepresa M.A. ANSYS B pykax
nmkenepa: M.: Equtopuan, YPCC, 2003. 272c.

3 Ywurapes A.B., KpaBuyk A.C., Cmamok A.®. ANSYS s
nmxkeHepos: Cripas. mocodue. M.: MammHoctpoenne-1, 2004. 512c.

4 Illamanma A.FO. Meroaudeckne yKa3aHWS K TMPAKTHICCKAM
paboram mo mucnuIuMHe «Pacderbl KOHCTPYKIMA METOJOM KOHEYHBIX
anmeMmenToB B ANSYS»: MI'ABT, 2012. 77c.
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3 NPAKTUYHE 3AHATTS Ne 3

Etanu ¢popmyBanHs Qi3muHOT Mozeni MaTepiany

3.1 Mera podotun

O3HallOMHUTHCS 3 OCHOBHUMH CIOCOOAMHU BpaxXyBaHHS BJIaCTUBOCTEH
MaTepiaiiB MPU PO3paxyHKax Ta NUIIXaMH iX MOJICIIOBaHHS.

3.2 3araabHi BizomocTi

[Ipu pospaxynky pizHux mpoekriB y cucremi CAE mocraHoBka 3ajiadi
BHMarae 3aJiaHHs BJIaCTUBOCTEH MaTepiaiy. Y 3aJIeKHOCTI BijJ TUITY 3ajadi,
BJIACTHBOCTI MaTepiaiiB MOXYTb OyTH: JIHIAHEUMH (HAMPY)KEHHS
mpormopitifiai  gedopmarisvM) abo  HemiHiiHUMEM  (HAIpy)XEHHS  He
TIPOTIOPIIIHI HABAaHTAXKEHHSM); 130TPOITHUMH (MaTepia MPOSBISIE OMHI i
Ti cami MeXaHIYHI BJIACTHBOCTI y BCIX HampsMKax), aHI30TPOIMHUMH
(MaTepianm TpoOSBIISIE Pi3HI MEXaHIUHI BIIACTUBOCTI Yy IBOX HAIPsSMKaXx),
OPTOTPOIHUMHU (CHMETPUYHI BiTHOCHO TPHOX OPTOTOHAILHUX IUIOIINH);
TEMITepaTypo3ajJeKHIMH 200 HE 3aJISKHUMH.

IaTepdeiic ans 3amaHHsg Mozl MaTepiany BiIKPHUBAETHCS HACTYITHUM
guroM: Main Menu - Preprocessor - Material Props - Material Models
(puc.3.1).
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Main Menu

Preferences
B Preprocessor
Element Type
Real Constants
B Material Props
Material Library
B Temperature Units
Electromag Units
Convert ALPx
& Change Mat Num
Failure Criteria
Write to File
Read from File
Sections
Modeling
Meshing
Checking Ctris
Numbering Ctrls
Archive Model

A Define Material Model Behavior

Material Edit Favorite Help

Material Models Defined

Material Model Number 1

Material Models Available

(= Favorites =
Structural

Pucynok 3.1 — [nTepdeiic s 3anaHHs MOIENi MaTepiary

OcHOBHI

JIHIMHI

BJIACTUBOCTI

marepianmy gt ANSYS

MECHANICAL: wmoxyns npyxsocti (EX) Ta koedimient Ilyaccona
(PRXY) (puc.3.2). 3HaueHHsT BBOIATHCA B €KCIIOHEHIaNbHIA (opmi B

MIIa.

A

Material Edit Favorite Help

Material Models Defined

Matenal Model Number 1

Material Models Available

N

)\ Linear lsotropic Properties for Material Number 1 X

=] Favorites Linear Isofropic Material Properties for Material Number 1
# Structural
& Linear T
8 Elastic =
9 Temperatures |0
4 Orthotropic EX 2.05e]
# Anisotropic PRXY 0.3
Nonlinear
@ Density
Thermal Expansion
Damping Add Temperature ‘ Delete Temperature| Graph |
J @ Crirtinn Canfficinnt
J J I8 ‘ Cancel | Hep ‘
I
Pucynok 3.2 — 3aganHs niHIHHUX BIaCTUBOCTEH MaTepiary
HeniHiliHi ~ BrnactuBocTi  Marepiamy s ANSYS

OcHOBHI

MECHANICAL: mexa Texyuocri (puc.3.3). 3nauenns BBoasAThes B Mlla.
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.A R17.2
Material Models Defined Material Models Available I\ Binearsatropic Hardening for iaterl e x
aterial Model Number TSI Isot
® nsit\‘ 4 g Sm:;prlgpm Bilinear Isofropic Hardening for Material Number 1
@ Lmearrlsotmp\c & Anisotropic
€ Bilinear Isofropic @8 Nonlinear T
i Elastic Temperature 0
B et iekd Stss
lasticity Curve Fitiing ,7
8 Rate Independent I o
8 Isotropic Hardening Plastic
o8 Mises Plasticity
© G
€ Multiinear Add Temperalule| DeleteTemperamre| Add Row | Delete R Graph
@ Nonlinear
& Hill Plasticity Ok Cancel Help

B
Pucynok 3.3— 3aiaHHs HEMHIMHUX BJIAaCTUBOCTEH MaTepiany

Takoxx Mpu BUPILIEHHS 3a/a4l HEOOXIHO BpaXxOBYyBaTH BJIACHY Bary
KOHCTPYKIIil, TOMY 000B’513K0BO 3a/1af0Th IIUIbHICTH MaTepiany (puc.3.4).

Material Edit Favorte Help

Material Models Defined Material Models Available

& IE]  Generalized Anisotropic Hi -/
@ Density Kinematic A
$ Linear Isotropic Combined |
8 Bilinear Isotropic Rate Dependen
Non-metal Plast Density for Material Number 1
s Cast-ron
& Shape Memory T
o coelasnc Temperatures |0 =
(1 Thermal Expansion DENS
Damping
@ Friction Coefficient
Specialized Materials
=l Add Temperature | Delete Temperature ‘ Graph
=l | T — o Gt | e |

Pucynok 3.4— 3agaHHS MIUTBHOCTI MaTepiamy

SIKIIO TOCTaHOBKA 3aj]jadui BUMAara€ CTBOPEHHS NEKLIBKOX, PI3HUX IO
BIIACTHBOCTSIM, MaTepialliB, TO HEOOXiJHO BHKOHATH JOJIaBaHHS HOBOI

mogmeni: Material - New Model (puc.3.5).
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I Define Material Model Behavior - m] X
Material Edit Favorite Help
New Model ... l. Defined Material Models Available
Exit
St ——e] Number 1. @ B
@ Structural
@ Thermal
= Electromagnetics
@ Acoustics
& Fluids

= Piezoelectrics
= Piezoresistivity
@ Thermoelectricity
= Diffusion

=] =]
K| | kil 2

Pucynok 3.5 - CTBopeHHS! HOBOI MOjieNi MaTepiany

Hnst Toro, mo0 MPHCBOITH KOXXHOMY €IEMEHTY KOHCTPYKIii
BIJIIIOBIIHY MOJIENIb MaTepialy HeoOXiTHO 3aiTH B PO3JILT T'OJIOBHOTO MEHIO
Main Menu - Preprocessor - Meshing — Mesh Attributes. O6paru
BiAMOBITHY MOBEpxHIO (JIiHIIO, 00’eM). Ilpu3HaunTn mmsa obpaHoi merai
HOMep TuITy MaTepiany (puc. 3.6). IloBTopuTH IS BCIX IETaNCH.

Main Menu

Preferences 1
2 Preprocessor ELEMENTS
Element Type
Real Constants
Material Props
Sections
Modeling
B Meshing I\ Ares Atributes
B Mesh Attributes
Default Attribs

All Keypoints MAT Material number -
2 Picked KPs

All Lines REAL Real constant set number
# Picked Lines
All Areas

PAPicked Areas

3 All Volumes

EEAL NUM

[AATT] Assign Attributes to Picked Areas

©o —d onoun I o

Pucynok 3.6 - IIpu3naueHHs Mozeli MaTepiaay KOHKpETHil 4acTHHi
KOHCTPYKII1
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Hns Toro, mo0® mepeKkoHaTUCs, M0 KOXHIH YacTHHI KOHCTPYKIIl
MPUCBOEHA BIpHA MOJIENb MaTepiany, HeoOXiqHo 3aiT B po3ain PlotCtrls
— Numbering Ha naneni incTpymeHTiB (puc. 3.7).

t PlotCtrls WorkPlane Para

Pan Zoom Rotate ..

View Settings ¢
B Numbering ..
—  Symbols .
- Stvle 4

Pucynok 3.7 - PosramyBanus po3ainy Numbering
OOpatu HyMepalil0 3a THIIOM MaTepially Ta BHCTaBUTH OIIIIiO
HyMEpPYBaHHS 33 KOJIbOPOM Ta HOMEPOM MOJIEITi Martepiany (puc.3.8).

A Plot Numbering Controls

[/PNUM] Plot Mumbering Controls

KP  Keypoint numbers [~ Off
LINE Line numbers [~ Off
AREA Area numbers [~ Off
VOLU Velume numbers [~ Off
NODE Mode numbers [~ Off
Elem / Attrib numbering -
TABN Table Names [~ Off
SVAL Mumeric contour values [~ Off
DOMA Demain numbers [~ Off
[/NUM] Numbering shown with [Colors & numbers |
[/REPLOT] Replot upon OK/Apply? [Repot =]
oK | Apply | Cancel | Help ‘

Pucynok 3.8 - HanamryBaHHS Hymepallil eeMeHTiB KOHCTPYKITii 3a
TUTIOM MaTepiany
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3.3 KontpoabHi 3anuTaHHs AJs caMonepeBipku i
KOHTPOJII0 NiATOTOBJEHOCTi CTyIeHTIiB 10 Po0oTH

1 TIlepepaxyiite oOcCHOBHi ()i3UKO - MeXaHIUYHI XapaKTEPUCTHKH
MaTepialy, 3 SKOTO BHUTOTOBIICHA KOHCTPYKIIis mit - ANSYS
MECHANICAL.

2 HaBexaith mnpukiaj, B SIKOMY BHUIJISIAI MOXKHA 3allMCaTH BEJIMKI
3Ha4YeHHS (i3UKO - MeXaHIuHi XapaKTEepUCTUKU MaTepiany?

3 BkaxiTh, 3 IKOKO METOI0 331at0Th IILIBHICTh MaTepiany?

4 Ha3BiTh OAMHHMIII BUMIPY, B IKHX HEOOXIIHO 3a/aBaTH BJIaCTHBOCTI
Mmatepiany B ANSYS MECHANICAL?

5 TlosicHiTh, sIKYy (I3MKO - MEXaHIYHY XapaKTEPUCTHUKY MaTepiany
omnucye koedinieHT [lyaccona?

6 B sixoMmy BHUTIaJIKy MOXKHA HE BPaXOBYBaTH IIUTBHICTh MaTepiary?

3.4 Bka3iBKH 3 TeXHIKH 0e3NMeKH

1 Jlo mpakTHYHUX POOIT AOMYCKAIOTHCA CTYAEHTH TICIS IHCTPYKTaXKy
3 OXOPOHH TIparli i TOKEKHOI Oe3MEeKH.

2 3a0OpOHSEThCS BKIIOYATH ENEKTPUYHI Npuiaad 0e3 03BNy
3aBimyBava mabopaTopiero YM BUKIIaAava.

3 ¥V Bumagky NOKEXi 49X MOPa3KH EIEKTPUYHUM CTPYMOM CTYACHTH
MOBUHHI MJiATH Y BiIMOBIMHOCTI 13 3aTBEpPKEHUMH IHCTPYKIISIMH 3
OXOPOHU TIpalli 1 TOXKEXKHOI OE3TEKH.

3.5Iopsaaok nmpoBeIeHHS POOOTH

1 Binkputu ¢aitn B maynuep Mechanical APDL Product Launcher,
CTBOPEHHMI Ha TONEpEeAHid MpaKkTUYHIA poOoTi (BCi Ha3BM BKa3yBaTh
JATHHCHKUMH CHMBOJIAMH).

2 Binobpasutu no0ynoBaHy Ha MONEPEAHBOMY MPAKTHYHOMY 3aHSTTI
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TCOMETPUYIHY TPUMIPHY MOJIEIb.
33aiit B po3min romoBHoro mexnto Main Menu - Preprocessor —

Material Properties — Material Models (puc.3.9).

Preferences
= Preprocessor
Element Type
Real Constants
= Material Props
Material Library
Temperature Units
Electromag Units

Material Models

Convert ALPx
Change Mat Num
Failure Criteria
Write to File
Read from File

Pucynok 3.9 — Po3nuin roiosroro mexto Material Properties

4 BBecTH y BiAIOBIIHI BiKHA JIIHIAHI Ta HETHIAHI BJACTHBOCTI
Marepiaiy, 3 IKOro 0y/ie BUTOTOBJICHA KOHCTPYKIIist (HOMEp BapiaHTy —
ocTaHHs MIdpa 3aIiKOBOI KHIKKH, JlomaTok 3), NIUTBHICTh MaTepiamy.

530epertu 3Mminu y Qaiii.

3.6 3micT 3BiTY

Mery 1 wMeroaWka BHKOHaHHS TpakTHYHOI pobotn. Koportki
TeopeTudHi BimomocTi. [locnimoBHICTE 3a1aHHS BIACTUBOCTEH Marepiamy.
Po3apykiBka po3miny daiiny i3 BIacTHUBOCTAMHU MaTepiany (IIpu HasiBHOCTI
MOXJIHBOCTI). BHCHOBKH IO poOOTi.

PexoMmennoBana jgiteparypa

1 BacoB K. A. I'papmueckuit natepdeiic komraekca ANSYS: M.:
JIMK, 2006. 248 c.

2 Kamnyn A.B., MopozoB E.M., Ondeprea M.A. ANSYS B pykax
nnxenepa: M.: Enutopuan, YPCC, 2003. 272c.
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3 Yurapes A.B., KpaBuyk A.C., Cmamiok A.®. ANSYS s
nmxeHepos: Crpas. mocodue. M.: MammHoctpoenune-1, 2004. 512c.
4 Illamanma A.JO. Meronuveckue yKazaHUS K IPaKTHYECKUM

pabotam 1o aucuUIUIMHE «PacdeTsl KOHCTPYKIUH METOJIOM KOHEUHBIX
snementoB B ANSYS»: MI"ABT, 2012. 77c.
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4 TIPAKTUYHE 3AHATTS Ne 4

Po3poOka kiHIIeBO-eneMeHTHOT Mojeni. XapaKTepUCTHKa KIHIIEBIX
€NIEMEHTIB Pi3HUX TUIMIB. YTIPABIIiHHS SKICTIO CITKH

4.1 Meta podotn

OsHalloMUTHCA 3 OCHOBHMMH THIIAMH KIHIIEBUX €JIEMEHTIB Ta IX
MPU3HAYEHHIM, OCOOJMBOCTSMH Ta JOLUILHICTIO BUKOPUCTAHHSL.

4.2 3arajgbHi BRITOMOCTI

ITobymoBana Mozens MITATBCA Ha KIHIIEBI EIIEMEHTH JOCUTH
npoctoi (opmu. € Kinbka THNOBUX ¢GopMm (Tabmuist 4.1) KiHIEBUX
€IEMEHTIB, B SKHX IIOJIE 3CYBIB BH3HAYAETLCS IO 3CyBaxX BY3IIB 3a
JIOTIOMOI'OI0 JICIKMX IHTEPHOMALIHHUX (QYHKIH. 3a O0YHUCIIEHUMH TaKHM
YIHOM 3CYBIB BH3HAYAIOTHCS MOJSI HAMPYXeHb 1 nedopmartiii. Haitoimpmm
TPYAOMICTKHIH eTam BHpIlIeHHs 3aBaaHb 3a pomomororo MKE - 1e
CTBOPEHHS KIHIICBO-€JIEMEHTHOI MOJENl Ha CTamii MpenpoIecopHoi
MIArOTOBKHA  (preprocessor), TaKk sSK aBTOMAaTHYHa IMOOymOBa CIiTKH
eJIEMEHTIB HE TapaHTY€E BiJI MOSIBU IIOMILIOK.

Tumom eneMeHTa BU3HAYAETHCSL:

Crymeni cBo00u eneMenTa (SKi B CBOIO Uepry BILUTUBAIOTH 1 HA THUII
aHai3y MEXaHIYHHUH, TeTJIOBUN, MATHITHHM, ENEKTPHUIHUH).

Mognenb 00'ekTa - omHOMIpHA, ABOBUMipHA a00 TPUBUMIpHA.

bankoBwuit enemenr BEAMA4, Hanpuknan, Mae 6 CTyIeHiB cBOOOIH
(UX, UY, UZ, ROTX,ROTY, ROTZ) y By37i i BUKOPUCTOBYETHCS IS
MOJICTTIOBAHHS CTEPIKHEBUX KOHCTPYKIIA B 3-X BUMIPHOMY IPOCTOPI.
[Tnockuit enemenr PLANE77 Mae B sSKOCTi CTymHeHIB CBOOOAM BY3JIOBi
TEMITEpPaTypH 1 MOXE BHUKOPHUCTOBYBATHUCS Ui MOJICIIOBAHHS TUTBKH
TUIOCKUX 00'eKTiB [4].

OpHuM 3 HaWOUTBII BaXKIMBHUX €TaliB B KiHIIEBO-€JIEMEHTHOMY
aHai3i € moOysoBa Ha MOJENI CITKM 3 KiHIICBHX €IEMEHTIB, TOOTO IO
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Bciel Moziei Ha MaleHbKi MIMaTOYKH (KiHIIEBiI €IeMEHTH), MOB'sI3aHl MK
co0010 y By3Jax.

Taomuus 4.1 — Tunu KiHUEBUX E€1EMEHTIB

Tun enemenTy MopnentoBaHHs

LINK MonentoBaHHsS (hepmoBHUX
KOHCTPYKIIIH, TPOCiB, KaHATIB i T.JI.

BEAM MopenoBaHHs CTEPKHEBUX
KOHCTPYKIIIN

SHELL MopenroBaHHs TOHKOCTIHHUX
KOHCTPYKIIIH

SOLID MogentoBaHHS TPUBUMIPHHUX
00'eKTIB

PIPE MopentoBaHHs CTEPKHEBUX
CHCTeM - TpyOa + pinuHa

MASS MonemntoBaHHS a0COJIIOTHO
TBEpAOrO Tia 1 MaTepiaabHOI
TOYKH

CONTACT MopentoBaHHS yMOB KOHTaKTy

Y mnporpamHomy komiuiekci ANSYS € 1aBa OCHOBHI MeTomu
moOymoBM ciTku: 1ToOymoBa AoBUTbHOI ciTku (puc. 4.1 a) i moGymoBa
BIIOpsAKOBaHoi citku (puc. 4.1 0).

JoBinpHa ciTka OymyeTbcs aBTOMAaTHYHO, MPH I[BOMY CYCimHi
eeMEHTH MOXYTh ICTOTHO BIAPIZHATHCS 3a pO3MipamH. YTIOpSIKOBaHA
ciTka OyayeThCS NUIAXOM MUICHHS TE€OMETPUYHHX €JIEeMEHTIB MOoAeli Ha
JesKe YHCII0 YaCTHH.
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Pucynok 4.1 — Buau ciTKy KiHIIEBUX €IEMEHTIB.

B aBTomatuuno HO6y}IOBaHI/IX CiTKaX 3 BCIHMKHUM YHCIIOM
€NIEMEHTIB YUCIIO BY3JIiB TIEPEBAKAE HAJ| YKCIIOM eJIeMEHTIB. BigHOIeHHS
MK BY3JIaMHU 1 elIeMeHTaMu, TPUOIU3HO, 2:1 sl MIIOCKUX JOBLIBHUX CITOK
16:1 st TOBUTHHUX TPUBUMIPHUX CITOK 3 YOTUPUTPAHHUMH €JIEeMEHTAMU.

IIpaktuka pospaxyHkiB i3 3actocyBanHsIM MKE mo3Bomse matm
HACTYIIHI pekoMeHmamii (puc. 4.2): 1) niHiiiHi eJeMeHTH BUMararoTh OiIbII
9acToi CITKW, HK KBaJpPaTHUYHI €IEMEHTH (3 OJHUM IPOMDKHUM BY3JIOM)
a00 KyOiuHwMif (3 IBOMa IPOMDKHMMH By3JIaMHK); 2) YIOPSAAKOBaHa citka (0)
€ OLIBII KPalllor, HiXK JOBLIbHA CiTKa (a); 3 MpsSMOKYTHA CiTKa 3 4 By3jaMu
(B) Oimpm kpamra, HDK CiTKa 3 TPUKyTHHMH enemeHTamu (0); 4) ciTka
TPUKYTHUX €JIEMEHTIB 3 MPOMDKHUMHU By3namu (T) Mae€, MPUHAWMHI, Ty XK
caMy TOYHICTB, IO 1 CiTKa MPSMOKYTHUX €IeMEeHTIB 3 4 By3namu (B); 5)
MPSIMOKYTHA CiTKa 3 8§ By3/aMu (1) € OUTBIII KPAIoro0, HiK CITKA TPHUKYTHUX
eIEMEHTIB 3 MPOMDKHUMH By3J1aMH (T'), HE3BaKAIOYHM Ha OUIBIINN pO3MIip
MIPSAMOKYTHHX €JIEMEHTIB; 6) ampoKCHMaIlisi 3CyBiB KyOIYHUM ITOJIIHOMOM
(e) He BuMarae GinbIn aApiOHOI ciTku. [1]

O \I <
5' 3 - ) (-] 3
L_< o [ < © A
a 6) 8) 2) o) e

Pucynok 4.2 — Bumu By371iB Ipy pi3HUX BUIAX CITKU KiHIIEBUX
€J1EMEHTIB.



31

4.3 KoHTPOJbHIi 3anIMTAaHHA AJ5 caMomnepeBipKu i
KOHTPOJII0 MiArT0OTOBJIEHOCTi CTYAeHTIiB 10 podoTH

1 HasBite, sIKi THIM KIHIIEBUX €JEMEHTIB JOCTYIHI B TMporpami
ANSYS.

2 Onuimite NpU3HAYEHHS TUIOCKUX (ABOMIPHHX) KIHIIEBUX EIEMEHTIB.

3 OnuiiTh NpU3HAYECHHS TPUBUMIPHUX KIiHIICBUX CIEMEHTIB.

4 TlepepaxyliTe OCHOBHI IIUISIXM HAKOITUYEHHS TIOXHOOK pe3yNbTaTiB
P KOMIT FOTEPHOMY MOJICTIOBAHHI 3BaAPHUX KOHCTPYKIIIM.

5 BxkaxiTe OCHOBHI KpuTepii BHOOpY JOIUIBHICTH BHUKOPHCTAHHS
CITKH 3 MEHIIMM pPO3MIpOM KIHIIEBUX €JIEMEHTIB MpH pPO3PaXyHKY
MaTEMAaTUYHOI MOJEJTI.

6 Ha3Bire OCHOBHI TiepeBaru Ta HEMONIKA CITKH 3 €IeMEHTaMHu
BEJIMKOr0 PO3MIPY VIS PO3PaXyHKY MOJIEII.

4.,4Bka3iBKHU 3 TeXHIiKH 0e3MeKH

1 Jlo mpakTHYHUX POOIT AOMYCKAIOTHCS CTYASHTH MICIA IHCTPYKTaXy
3 OXOPOHH TIparli i TOKEKHOI Oe3IMEeKH.

2 3a0OpOHSEThCS BKIIOYATH ENEKTPUYHI Npuiaad 0e3 03BNy
3aBimyBada 1abopaTopic€ro M BUKIIAAada.

3 ¥V BuUmagky NMOXEeXi 49X MOPa3KH EIEKTPUYHUM CTPYMOM CTYACHTH
MOBMHHI MJiATH Yy BIiINOBIAHOCTI 13 3aTBEPPKEHUMH IHCTPYKIUSIMH 3
OXOPOHU TIpalli 1 TOXKEXKHOI OE3TEKH.

4.5 Mopsaaok mpoBeIeHHS PpoOoTH

1 Binkputu ¢aitn B maynuep Mechanical APDL Product Launcher,
CTBOPEHHMI Ha TONEpPEeAHid NpakTU4HIH poOoTi (BCi Ha3BU BKa3yBaTh
JATHHCHKUMH CHMBOJIAMH).

2 Bingo6pa3utu nodynoBaHy Ha MONEPEAHBOMY MPAKTUYHOMY 3aHSTTI
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TCOMETPUYHY TPUMIPHY MOCIb.

3 3aiit B pos3min romoBHoro MeHro Main Menu - Preprocessor —
Element Type — Add/Edit/Delete — Add. OGpaTu TUIT KiHIICBOTO €IEMEHTY
y BIAMOBIZHOCTI 13 THIIOM KOHCTpYKIii (puc. 4.3).

4 3anatu pealibHI KOHCTaHTH BiJIIOBITHUM €IEMEHTAM KOHCTPYKIIiT
JUIS BpaxyBaHHS (Di3MYHOI TOBIIMHU MPH po3paxyHKy. Jjas mbporo B
KOMaHJHOMY PSJAKY BBEeCTH KomaHamy I,2,8, ne I — koMaHma st
MPU3HAYEHHS PeabHOI KOHCTAHTH, 2 — OPSIKOBUN HOMEP KOHCTAaHTH, 8 —

¢bi3nuHa TOBIIMHA eleMeHTa B MM (puc. 4.4).

Main Menu
E Preferences
B Preprocessor Defined Element Types:
2 Element Type ype 1 SHELL181
& Switch Elem Type
= Add DOF
Remove DOFs
Elem Tech Control
Real Constants
Material Props
Sections
Modeling
Meshing
Checking Ctrls
Numbering Ctrls
Archive Model
Coupling / Ceqn
Multi-field Set Up
Loads
Physics
Path Operations

Solution

General Postproc Close Help
TimeHist Postora

ROM| /N Library of Element Types

Radig

Sess
Einis] Library of Element Types Structural Mass

Add... Options.... | Delete ‘

Only structural element types are shown
3D 4node 181
8node 281
Aoisym 2node 208
3node 209
Ai-harmenic 61

3D 4node 181

Element type reference number

oK Apply Cancel ‘ Help ‘

Pucynok 4.3 - Iarepdeiic posainy romorHoro merto Element Type

File Select List Plot PlotC
D|=|a|s| sl & 7 JE 28

Toolbar

Pucynok 4.4 - 3aganHs peaJbHUX KOHCTAHT
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5 IlpucBoiTd KOXHOMY e€NEeMEHTY MOJeNi BIAMNOBIIHY pealbHy
KOHCTaHTy, MOJENb MaTepialny Ta TUI KiHLEBOro enemeHTy. . s mporo
3aiiTH B po3/ij1 ronoBHoro MeHto Main Menu - Preprocessor - Meshing —
Mesh Attributes. OOpatu BiamoBimHy mOBepxHIO (JiHiO, 006’€M).
[Mpu3HaunTy U1 00paHoi AeTalli HOMEp TUILY MaTepialy, HOMEp peailbHOl
KOHCTaHTH Ta HOMEpP TUIY KiHIEBOTo eneMeHTy (puc.4.5). IloBropuTn mis
BCIX zeraneil.

A Alred ATINoULeEs

[AATT] Assign Attributes to Picked Areas

MAT Matenal number

j

REAL Real constant set number

>

(== | e N R WA

R
—_

W

TYPE Element type number | 1 SHELL1&1 j
ESYS Element coordinate sys | 0 j
SECT Element section |N|:|r|e defined j

OK Apply Cancel Help

Pucynok 4.5 - IlpusnaueHHs aTpuOyTiB
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6 Po30uTtu TpuMipHYy MOZAENb Ha eIeMeHTH. s boro 3aiTH B PO3ALT
ronosuoro mexto Main Menu - Preprocessor - Meshing — MeshTool —
Mesh. (lns BuGopy po3mipy KiHIIEBHX €JIEMEHTIB MPOKOHCYJIbTYBATHCS 3
BuKiazadeMm). [lo 3aBgaHHI0 BHKIaJada 3MiHUTH (opMmy Ta po3Mipu
KIiHIIeBHX eneMeHTIiB (puc.4.6). 3poOUTH BHCHOBKH IO SKOCT1 CITKH MIiCIs
3MiH.

& Preprocessor MeshTool

Element Type

Real Constants Element Attibutes:

Material Props

Sections Glabal | st

Modeling

B Meshing I~ Smart Size
Mesh Attributes Kl |
MeshTool Fine E Coarse
Size Cntrls
B Mesher Opts Size Controls:

a::ﬁatenate oo ﬂ @
Modify Mesh Areas ﬂ @

Check Mesh

Clear Lines Set Clear
Checking Ctrls Copy Flip

Numbering Ctrls

Archive Model Layer Set Clear

Coupling / Cegn
Multi-field Set Up Ktz Set | Ol |
IP_ﬁa:iscs K.epptz Set | Llear |
Y " Mesh: ,Areas—L‘
Path Operations
Solution Shape O Ti m\
General Postproc - o~
TimeHist Postpro LR azh:
ROM Tool oo ] \(A : | Areas ﬂ
Radiation Opt oo
E Session Editor . H
Finish Mesh | Cea | B Al * Quad

* Free " Mapped©
Refine at: m

Feins [ 3 0r 4 sided |

i i
Pucynok 4.6 - Iarepdeiic posainy romosaoro merto Meshing

7 306epertu 3MiHu y aiii.
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4.6 3micT 3BiTY

Mera 1 MeronuKa BHKOHAaHHS MpakTHYHOI pobotu. Kopotki
TeopeTuuHi Bimomocti. [locmimoBHicTes mili  (KpokKiB) JUIs 3aJaHHS
napaMerpiB CiTKH KiHLIEBUX eleMeHTIiB. Po3npykiBka Qaiiny 3 oTpuMaHoo
KIHIIEBO-CJIEMEHTHOK MOJEIUIIO (IIPH HAsBHOCTI MOXJIMBOCTi). BHCHOBKM
o poboTi.

PexoMeHoBaHa JiTepatypa

1 Baco K.A. I'paduueckuit nuarepdeiic komruiekca ANSYS: M.
JIMK, 2006. 248 c.

2 Kamnyn A.B., Mopo3os E.M., Ondeprera M.A. ANSYS B pykax
nmkenepa: M.: Equropuan, YPCC, 2003. 272c.

3 Yurapes A.B., KpaBuyk A.C., Cmamiok A.®D. ANSYS mis
nmkeHepos: Crpas. mocodue. M.: MammHuoctpoenwne-1, 2004. 512c.

4 Illamanma A.FO. Meroaudeckne yKa3aHUS K MPAKTHICCKAM
paboram mo mucnuIuMHe «Pacderbl KOHCTPYKIMA METOJOM KOHEYHBIX
anmeMmenToB B ANSYS»: MI'ABT, 2012. 77c.
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5 MNPAKTUYHE 3AHATTS Ne S5

Buau rpannynnx ymoB. BusHaueHHs nepeminienb. 3agaHHs
HaBAHTAKEHb

5.1 MeTa po6oTH

O3HallOMHUTHCS 3 TOCHIIOBHICTIO MPHUKIIAJACHHS TPAaHHYHUX YMOB
Ta HABaHTAKEHb. 3aCBOITH OCHOBHI IPUHIIMITA BHOOPY TPAHUYHUX YMOB Ta
HAMOLIBII peaicTUYHE BIITBOPEHHS JIii HABAaHTa)KEHb.

5.2 3araabHi BitomocTi

Ilin HaBaHTaKEHHSAMH PO3YMIIOTH SK 30BHINIHI Tak 1 BHYTPIIIHI
3YCHJIISA, TPAHWYHI YMOBH Y BUTJISITI OOMEXEHb Ha TIepeMileHHSI.

Y mporpami ANSYS MECHANICAL nuigx 10 HpUKIaCHHS
HaBaHTa)KEHb 3HAXOMUTHCA B po3miai romoBHoro Mento (Main menu —
Preprocessor — Loads — Define Loads — Apply (puc.5.1).

® Arcnive moael
Coupling / Cegn
Multi-field Set Up
B Loads
Analysis Type
B Define Loads
Settings
ol
Structural
Field Volume Intr
Initial Condit'n
Load Vector
Functions
Delete
Operate
E Domain Decomp
Load Step Opts

Pucynok 5.1 — Po3ramryBanHst po3airy TojoBHOro MeHto Loads

HapanrtaxeHHs po3aifieHi Ha HACTYIHI KaTeropii:
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- 0OMEXKEHHS CTYNEHIB cBOOOAM 1O BCiM ocsiM (X, Y, Z) - JiHiliHI,

Tak 1 B KOHKPETHIM IUIOIIMHI - OOEPTaHHI BiTHOCHO OY/b-sIKOI 3 BiCIB
(puc.5.2).

B Structural

B
2 0n Lines
A 0n Areas
2 On Keypoints
2 On Nodes
A On Node Components
Symmetry B.C.
Antisymm B.C.

Pucynok 5.2 — 3aganHs cTyneHiB cBOOOIH
- 30cepeKeHi CUITH 1 MOMeHTH cui (puc.5.3);

8 Structural

Displacement

=
A On Keypoints
2 On Nodes
A On Node Components
From Reactions
From Mag Analy

Pucynok 5.3 — I[IpukiiaieHHs CHII Ta MOMEHTIB

- MOBEPXHEB1 HaBaHTaxeHHsI (THCK) (puc.5.4);
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A 0n Lines

A 0n Areas

A 0On Nodes

A On Node Components

22 On Elements

A On Element Components
From Fluid Analy

A On Beams

Pucynok 5.4 — [pukmna eHHs TOBEPXHEBUX CHII
- 00'emui cuin (puc.5.5);

=} Temperature
2 0n Lines
2 0n Areas
2 On Volumes
2 On Keypoints
2 0On Nodes
2 0On Node Components
From Therm Analy
& Uniform Temp
2 On Elements
2 On Element Components

Pucynok 5.5 — IlpuxmageHHs 00’ €MHAX CHIT

- IHepIiiiHi HaBaHTa)KeHHs, 30KpeMa rpasirtauis (puc.5.6).
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= Loads
Analysis Type
= Define Loads
Settings
= Apply
= Structural
Displacement
Force/Moment
Pressure
Temperature
= Inertia
Angular Veloc
Angular Accel
Coriolis Effects
BGravity
Global
On Components

B lom o el I'!'..Il..l A
Pucynok 5.6 — IlpukirameHHs iHEpIIHHNX CHIT

SAx MokHa 1MO0AYMTH 3 BHINE 3a3HAYEHHUX PUCYHKIB, TPaHHYHI
YMOBH 3a/Ial0ThCS TI0 JIIHISAM, TOYKaM, By3JiaM, MMOBEpXHIM, 00’ emam. Bci
HaBaHTa)XEHHS HEOOXiMHO  NPHKJIAJAaTH B OAUHUIX, NPUAHATHX B
MDKHApOIHINA CHCTEMi BUMIPIOBAHb.

5.3 KoHTpoJbHi 3anuTaHH AJS caMonepeBipku i
KOHTPOJII0 MiATOTOBJEHOCTi CTYIeHTIiB 10 podoTH

1 TIlepepaxyiiTe TpaHHYHI YMOBH B TIEPEMIIIEHHSX BIJIHOCHO
KOOPJIMHATHUX BiCEH.

2 llosicHiTh, YoMy HEOOXiIHO BpaxOBYBaTH CWIJIy TpaBiTallii mpu
pO3paxyHKax 3BapHUX KOHCTPYKITIN?

3 Hagenitp npukiian, B IKOMY BUIAJIKY JIiFO CHJIM TpaBiTallii MOXKHA HE
BpPaxoBYBaTH IIPH pO3paxyHKax?
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4 TlosicHITB, SIK BILTUBAE MPABHILHICTh BU3HAYCHHS CTYIIEHIB CBOOOIN
MOJIeJi KOHCTPYKIIi Ha TOYHICTh PO3PaXyHKY.

5 BrkaxiTh BHUIAJOK JOLUIBHOCTI TNPUKIAJACHHS CHMETPUYHHUX
IPaHUYHHUX YMOB.

6 IlosicHITH HEOOXIMHICTH IEPEBIPKH Mpare3laTHOCTI MOJICHI 0
MPUKIIJICHHS HaBaHTAKCHb.

5.4Bka3iBKH 3 TeXHIKH 0e3NMeKHu

1 Jlo npakTHYHKUX POOIT JOMYCKAIOTHCS CTY/IEHTH MICIs IHCTPYKTaXYy 3
OXOPOHH IpaIli 1 MOXKENKHOT Oe3MEeKH.

2 3a0OpoHSAETHCS BKJIHOYATH CICKTPUYHI MNpuiagd 0e3 J103BOIy
3aBiqyBaya JabopaTopiero YK BUKJIa[ada.

3 VYV BHIaAKy MOXKEXI YW TOpPA3KH EIEKTPUYHHM CTPYMOM CTYIEHTU
MOBUHHI J{ATH Yy BIINOBIAHOCTI 13 3aTBEPKEHUMH IHCTPYKIISIMH 3
OXOPOHH IpaIli 1 MOKEKHOT OE3MEKH.

5.5TTopsaaok npoBeaeHHsI po0OTH

1 Bigkputu daiin B Mechanical APDL Product Launcher, creopenmuii Ha
MOTIepeIHIX MPAKTHYHUX poOoTax (BCi HAa3BU BKAa3yBaTH JIATHHCHKUMHU
CUMBOJIAMH).

2 BinoOpasuTtu nmoOynoBaHy Ha TONEPEIHBOMY MPAKTUYHOMY 3aHSTTI
TEOMETPUYHY TPUMIPHY MOJIEIb.

3 Baiitu B po3ain roioBHoro Merro Main Menu - Preprocessor — Loads
— Define Loads — Apply — Structural (puc. 5.7).
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3 Loads
Analysis Type
= Define Loads
Settings
= Apply
=l
Displacement
Force/lMoment
Pressure
Temperature

Pucynok 5.7 — Po3rarryBaHHst po3aisly ToJ0BHOro MeHto Loads

4 3rigHo 3 IHAWBIAyaJbHUM 3aBJaHHSAM HPUKIACTH HABaHTaKCHHS
(cuiy, Tuck) (puc.5.8).

B Define Loads
Settings
= Apply
2 Structural
Displacement
Force/Moment A

B Pressure
7 0n Lines [SFA] Apply PRES on areas as a ’W‘
aon Area If Constant value then:

210n Nodes VALUE Load PRES value 052
21 0n Node Components
2 0n Elements LKEY Load key, usually face no.
# 0n Element Component;
From Fluid Analy
& 0n Beams

Temperature oK Apply Cancel ‘ Help ‘

Inertia
A Pratnen Sartn T

(required enly for shell elements)

Pucynok 5.8 - IlpukinageHHst TACKY Ha TOBEPXHIO

5 Ilpuknactu rpaHu4HI yMOBHW (3aKpIMUTH BiJ IepeMilleHp) (puc.
5.9).
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B Loads
Analysis Type
B Define Loads
Settings
= Apply
B Structural
= Displacement
7
2 0n Areas
# On Keypoints
21 0n Nodes
2 On Node Components
Symmetry B.C.
Antisymm B.C.
Force/Moment
Pressure
Temperature
Inertia
= Pretnsn Sectn

VALUE Displacement value

42

[DL] Apply Displacements (U,ROT) on Lines
Lab2 DOFs to be constrained

AllDOF
Constant value -

Apply as

oK Apply Cancel | Help |

Pucynok 5.9 - [puknajenHs: TpaHUYHUX YMOB

6 3amaru miro TpasiTarii Ha KOHCTpyKIio (puc. 5.10).

B Loads
Analysis Type
B Define Loads
Settings
2 Apply
B Structural
Displacement
Force/Moment
Pressure
Temperature
B Inertia
Angular Veloc
Angular Accel
Coriolis Effects
B Gravity
Global
On Components
Inertia Relief

FA Dratnen Cantn

A Apply (Gravitational) Acceleration

[ACEL] Apply (Gravitaticnal) Acceleration
ACELX Global Cartesian X-comp

ACELY Global Cartesian Y-comp
ACELZ Global Cartesian Z-comp

Cancel |

Pucynok 5.10 - Ilpuknagenss rpasitamii



43

7 306epertu 3minu y ¢aiti.

5.6 3micT 3BiTY

Mera 1 Meroauka BUKOHAHHS MpakTH4HOi poboTtn. Kopotki
TeOpeTHuYHi  BigomocTi. [loCHimOBHICTH KPOKIB JJIS  MPUKIAJICHHS
HaBaHTa)XeHb Ta IPAHUYHUX YMOB. PoznpykiBka (aiiny i3 BimoOpakeHHIM
MPHUKIAJeHUX HaBaHTaXXeHb Ta TPAaHUYHUX yMOB (TIpM HASBHOCTI
MOXJINBOCTI). BUCHOBKH 11O poOOTi.

PexoMeHa0BaHa JiTepaTypa

1 Baco K. A. I'paduueckuit uarepdeiic kommmekca ANSYS: M.
JMK, 2006. 248 c.

2 Kamnyn A.B., Mopo3oB E.M., Ondeprera M.A. ANSYS B pykax
nmwkenepa: M.: Equropuan, YPCC, 2003. 272c.

3 Yurapes A.B., KpaBuyk A.C., Cmamiok A.®@. ANSYS mis
nmkeHepos: Crpas. mocodbue. M.: MammHoctpoenwne-1, 2004. 512c.

4 Illamanma A.FO. Meroaudeckne yKa3aHUS K MPAKTHICCKAM
paboram mo mucnuIUMHe «Pacderbl KOHCTPYKIMA METOJOM KOHEYHBIX
anmemenToB B ANSYS»: MI'ABT, 2012. 77c.
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6 MPAKTUYHE 3AHATTS Ne 6

Bubip Tumy po3paxyHky (BupilryBaya). AHaji3 HanpyXeHo-
Je(OPMOBAHOTO CTaHy

6.1 MeTa poGoTnu

O3HallOMJICHHSI 3 ICHYIOUMMH THIIAMH PO3paxyHKY (BHpilyBaya).
3acBOEHHS OCHOBHHX IPUHIIUITIB BUOOPY THITy BUpillyBada. 3acBOEHHS
OCHOBHHUX KPOKIB aHalli3y HanpyxeHo-1e(h)OpMOBaHOIO CTaHYy.

6.2 3araabHi BinomocTi

HactymauM Kpokom, TICiIsI TIPENpOoIlECOPHUX OIEparliii, € omeparis
pimrenns (Solve). Is cramis Bximodae B cebe BUOIp THITY BHpilTyBada, HOro
OITITii, KPOKY PIIIEHHS Ta 3aITyCKy 3aadi.

ITporpama ANSYS nporioHye HacTyIHiI THITH aHamzy (puc. 6.1):

Static - craruuHmii anani3. BHKOPUCTOBYEThCS JUIsi BU3HAYCHHS
TepeMIiIeHb, HalpyT, AeQopMaii i 3yCHIb, 0 BHHUKAIOTh B KOHCTPYKITii
a0o 11 CKIIaI0BO1 YaCTUHU TPH [Iii HAaBaHTaKEHb, 110 HE CYIPOBOHKYIOTHCS
MpolecaMy PO3CiIOBaHHSA €Heprii a0o IOSBOIO ICTOTHHX IHEPIIHHHMX
edektiB. Ilepenbavaerbcsi cramicTh HaBAaHTAXKEHHS 1 BIATYKY CHCTEMH,
TOOTO MOXXKHA 3HEXTYBATH Ay)Ke MOBUIPHUME 3MiHAMH ITUX HapaMerpiB y
qaci.

Modal - momanbHuii aHai3 - aHaTi3 KOHCTPYKI[1 Ha BJIaCHI YaCTOTH Ta
¢bopMu, 3 HOTro JOMOMOTOK BHU3HAYAIOTHCS BIACHI YacCTOTH 1 (opMu
KOJINBaHb. BUKOPHUCTOBYETHCS TUTHKHU IS 3a7a9 MEXaHIKH TBEPIOTO Tifa,
10 1e(OpPMYETHCS.

Harmonic - JluxHamiunuii asHami3. BHKOpHCTOBYETBhCS Ui 3a1ad
MEeXaHIKH TBEPJOro TiJia, mo AeQOopMY€EThCsS, MEXaHIKH PIIUHU 1 Ta3y Ta
eNeKTPOMAarHiTHOTO aHami3y, Ui BW3HAYEHHS peakilii KOHCTPYKIii (y
BUIIIAAI TepeMilieHb, Aedopmauiid, HampyKeHb 1 3yCWib) Ha Jil0
JOBUTLHOTO HABAHTAYKEHHSI, MIHJIMBOI B Yaci TAKMM YUHOM, IO JIOBOIUTHCS
BpaxoBYBaTH iHepLiiHI e)eKTH 1 MpoLecH po3CitoBaHHS €Heprii.
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Transient - necramionapHuii anaji3. BHKOPUCTOBYETBCS IS aHATI3Y
MepexiJHUX MPOLECIB.

Spectrum - crexTpanbHuil anani3. HeoOXigHe morepeHe MpoBEISHHS
MOJIAJIBHOTO aHaji3y. BHKOPUCTOBYEThCS TINBKH IS 3aJad MEXaHIKU
TBEPJIOrO Tija, IO JePOPMYETHCS.

Eigen buckling - Brpara crilikocTi. BUKOPHUCTOBYEThCS U151 BU3HAYCHHS
KPUTUYHUAX HaBaHTaXKEHb 1 (JOPM BTPATH CTIMKOCTi B JiHIHHIN OCTAHOBLII.
[Nonepenubo Mae OyTH NMPOBEIACHO CTAIlIOHAPHUI aHaji3 3 OOYMCIICHHSM
MOTEpEHbO-HATIPYKEHOTO CTaHy. BUKOPUCTOBYEThCS TUTBKM IS 3ajad
MEXaHIKH TBEPJIOTO Tija, M0 Ae()OPMYETHCS.

Substructuring - anami3 i3 3acTOCYyBaHHSIM METOAY MiAKOHCTPYKIIiii.
BukopucTOBYy€eThCS 1J1s1 BUPIIIEHHS BCiX THITIB 3aBJaHb.

n New Analysis

[ANTYPE] Type of analysis

0

" Static

Modal

Y

Harmonic

Transient

Spectrum

Eigen Buckling

YIS %

Substructuring

OK Cancel Help

Pucynok 6.1 — Tunm anamizy 8 ANSYS MECHANICAL

Insx st oOpaHHS THITY aHATI3Y:

Main Menu — Preprocessor — Loads — Analysis Type- New Analysis
abo Main Menu — Solve — Analysis Type- New Analysis.

[licms  oOpawHs  Tumy  BUpillyBadya  HEOOXiHO  3poOWUTH
HaJAMTyBaHHS XONIy pimeHHs 3amayi (puc.6.2), ge oOuparoTh MacimTad
nepeMillleHb, 4Yac 3aBEpILeHHSA pilleHHS 3ajadi, KiIbKICTh KpOKIiB Ta
MiKPOKIB MPOrpamH, a TAaKOX YacTOTY 3allMCYBAaHHsI KPOKIB PillIEHHSI.
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Preferences A Solution Controls X
Preprocessor
B Solution . )
g Analysis Type Basic ] Transient | Soln Opt\ons} Nonlinear }Advanced NL
E New Analysis
Restart Analysis Options Wirite ltems fo Results File
[2]S0l'n Controls
EW ‘Large Displacement Static - ® All solution items
Load Step Opts I~ Calculate prestress effects " Basic quantities

SE Management (CMS
& Results Tracking

Solve Time Control

Manual Rezoning Time atend of loadstep ~ [100

Multi-field Set Up

ADAMS Connection Automatic time stepping  |Prog Chosen ~ ~|

Diagnostics & Number of substeps Freguency:

& Unabridged Menu |W it bst j
General Postproc ¢ Time increment nite every substep
TimeHist Postpro Number of substeps 10 whereN= |1
ROM Tool
Radiation Opt Max no. of substeps 20
E Session Editor Min no. of substeps 5
Finish

0K ‘ Cancel ‘ Help |

Pucynok 6.2 — HanamryBaHHs X0y pillleHHs 3a1a4i

[Ticna Bcix BuIIe omucaHUX omeparliii (mobyaoBa Mojeni, BU3SHAYEHHS
BIIACTHBOCTEW Marepiaiy, 3aJaHHS HaBaHTa)kKeHb, IIOCTAHOBKA 3a/adi)
mOTPiOHO MPOBECTH po3paxyHOK mpoekry - Main Menu — Solution —
Solve — Current LS (puc.6.3).
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= Solution
Analysis Type
Define Loads
Load Step Opts
SE Management (CMS)
Results Tracking
= Solve

From LS Files

Manual Rezoning
Diagnostics
Unabridged Menu

Pucynok 6.3 — Po3rarryBaHHst po3/isly ToJI0BHOrO MeHo Solve

Oxpim Toro, nporpama ANSYS mae (yHKI[IFO KPOKY HaBaHTa)KCHHS
(Load Step). Boma mo3Bomse — BHKOHYBAaTH O3HAYyBaHy KiIbKIiCTh
HABaHTaXEHb 3 KOXKHUM KpokoM. Hampukian Ha Opyc, Tpu THEpIIOMY
KpOLli, Ji€ CHjia TSOKIHHS, HA JPYroMy KpOIll BiH mimmaeThes aedopmariii
CTHUCHEHHsI, Ha TPeThboMy AedopMaltii KpydeHHs (puc.6.4).

=il oad Step Opts

Output Ctris
Other

Stop Solution
Reset Options
Read LS File
Write LS File

Pucynok 6.4 — PosramryBaHHS pO3AUTy TOJIOBHOTO MEHIO JUIS
3aJaHHs KPOKiB HABAaHTaXKEHHS
diHaIBPHUM €TaroM pO3paxyHKy € aHaii3 ngedopmosanoro tina (General
Postproc). /lns BuBomy pe3ysbpTaTiB Ha eKpaH MOTpioHO BinkpuTH - General
Postproc — Plot Results — Contour plot — Nodal Solution (puc.6.5).
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B General Postproc I | ciAL UM |

Data & File Opts
B Results Summary
Read Results
Failure Criteria
& Plot Results
B Deformed Shape
E Contour Plot
=]
Element Solu
E Elem Table
Line Elem Res
Vector Plot
Plot Path Item
Concrete Plot
ThinFilm
List Results
Query Results
Options for Outp
& Results Viewer
Nodal Calcs
Element Table
Path Operations
Surface Operations
Load Case
Check Elem Shape
& Write Results
ROM Operations
Submodeling
Safety Factor

\ Contour Nodal Solution Data bs
ltem to be contoured

Favorites :
& Nodal Solution

DOF Solution

Stress

Total Mechanical Strain

Elastic Strain

Plastic Strain

Creep Strain

Thermal Strain

Total Mechanical and Thermal Strain
& Swelling strain

Energy
Failure Criteria =
& Body Temperatures |
1] |
Undisplaced shape key
Undisplaced shape key |Deformed shape only j
Scale Factor |True Scale jh
Additional Options ]
0K | Apply ‘ Cancel ‘ Help ‘

Pucynok 6.5 — Po3ranryBanHst po3/IiTy TOJIOBHOT'O MEHIO JIJIsl aHAJTI3Y
pPe3yNBTATIB PO3PAXYHKY

B 3amexsocTi Bim TOro, mo Tpeba OIIHUTH Ta IPOaHATI3YBATH,
00MparoTh BIAMOBIAHUH MiAIYHKT MeHIO (puc.6.6, 6.7).

2 Data & File Opts
3 Results Summary
1 Read Results
3 Failure Criteria
3 Plot Results
B Deformed Shape
& Contour Plot
=
E Element Solu
E Elem Table
E Line Elem Res
Vector Plot
Plot Path ltem
Concrete Plot
ThinFilm
3 List Results
3 Query Results
3 Options for Outp
g Results Viewer
3 Nodal Calcs
3 Element Table
= Path Operations
3 Surface Operations
7 Load Case
3 Check Elem Shape
= Write Results
3 ROM Operations
3 Submodeling
3 Safetv Factor

I\ Contour Nodsl Solution Data X
ltem to be contoured

Favorites -
o2 Nodal Solution
# DOF Solution

@ X-Component of displacement
@ Y-Component of displacement
@ Z-Component of displacement
@
& X-Component of rotation
@ Y-Component of rotation
& Z-Component of rotation
& Rotation vector sum

Stress
otal Mechanical Strain
lastic Strain |
(e =
Undisplaced shape key
Undisplaced shape key |Deformed shape only j
Scale Factor |True Scale j‘ﬂ
Additional Options ®|
ok | e | caeel | b

Pucynok 6.6 — Po3ramryBanHs po3/iijly TOJIOBHOI'O MEHIO ISl aHATI3Y

nepeMileHb
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& Data & File Opts A\ Conteur Nodal Selution Data x
& Results Summary
Read Results ltem to be contoured
Failure Criteria =
& Plot Results povoes
- odal Solution
Deformed Shape DOF Solution
2 Contour Plot Stress
Iu & X-Component of stress
Elem Table @ Y-Component of stress
B Line Elem Res & Z-Component of stress
Vector Plot i@ XY Shear stress
Plot Path Iltem & YZ Shear stress
Concrete Plot @ XZ Shear stress
ThinFilm & 1st Principal stress
List Results & 2nd Principal stress
Query Results & 3rd Principal stress
Options for Outp & Stress intensity
Results Viewer @
Nodal Calcs & Plastic equivalent stress El
Element Table | =
Path Operations
fg::téeagseratlons Undisplaced shape key
Check Elem Shape =
5 Writs Results Undisplaced shape key |Deformed shape only J
ROM Operations Scale Factor True Scale EIE
Submodeling
Safety Factor Additional Options &
Define/Modify
Nonlinear Diagnostic| oK | Apply | Cancel | Help |

Pucynok 6.7 — Po3TtanryBaHHS pO3AUTy TOJIOBHOTO MEHIO ISl aHAITI3Y
HaTpyXeHb

6.3 KoHTpoJbHi 3anMTaHHa AJs caMonepeBipku i
KOHTPOJII0 MiATOTOBJIEHOCTi CTYIeHTIB 10 podoTH

1 IlepepaxyiiTe OCHOBHI 3ajadi, sSKi BUPIINIYIOTHCS 3a JIOTIOMOTOFO
ANSYS?

2 TlosicHITB, 3 SKOIO METOI0 MOXKHAa BUKOPHCTOBYBATH KOHTAaKTHI
3amadi?

3 Ha3Bitk npu3HayeHHs MoaaibpHOro aamizy B ANSYS.

4 BxaxiTh 3arajibHe pU3HAYEHHS rapMoHiiiHoro ananizy B ANSYS.

5 TlosicHITH MOMINBHICTH 3aMUCy MPOrPaMOI0 KOXKHOTO KPOKY
pilIeHHs.

6 HaBeniTp mpukiiag BUKOPUCTAHHS CTATUYHOIO PO3PAXYHKY.
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6.4 Bka3iBKHU 3 TexHIKH 0e3nmeKkn

1 Jlo mpakTHYHUX POOIT JOMYCKAIOTHCS CTYASHTH MICIsI IHCTPYKTAXKY
3 OXOPOHH TIpalli i MOKEKHOT OC3IMEKH.

2 3a00pOHSETHCS BKIIOYATH CIEKTPUYHI TNpwiagd 0e3 J103BONY
3aBijyBayva Jab0opaToOpi€ro UM BUKIIANaya.

3 V Bunajky mokexi 4u MOpa3Ku eECKTPUUYHUM CTPYMOM CTYACHTH
MOBUHHI JISTH Y BIJMOBIIHOCTI 13 3aTBEPKEHUMH IHCTPYKIISIMU 3
OXOPOHU ALl 1 TOXKEXKHOT OC3MEeKH.

6.5Mopsaaok nmpoBeIeHHsI PO0OTH

1 Bigkputu odaiin B Mechanical APDL Product Launcher
(po3TairyBaHHs Ta Ha3By (paiiy BKa3ye BUKIaaay).

2 3rigHo 13 3aBJaHHAM 00paTH THII BUPIIIyBaya.

3 [poBectn HaJAIITyBaHHS nepen PO3paxyHKOM
(TIpOKOHCYIBTYBABIIUCH 13 BUKJIAIaUEM).

4 3amycTuTH (aitn Ha po3paxyHOK.

5 IIpoanarizyBaTi OTpHMaHi Pe3yIbTATH.

6 Ilo 3aBAaHHIO BHKJIAJa4ya MiAroryBaT (Gaiin Juis 3BiTy Ta 30eperTu
(haiin i3 po3paxyHKOM.

6.6 3micT 3BiTY
Mera 1 Meroawka BUKOHaHHS TMpakTH4HOI pobotu. Kopotki

TeopeTndHi BimomocTi. [locTimOBHICTH KpPOKIB Ul TpPWU3HAYEHHS THUITY
BHpIIIyBaYa Ta HAJAIITyBaHb Yacy pO3paxyHKiB. BucHOBKH 1O po0oTi.

PexoMmennoBana jgiteparypa

1 Bacos K.A. I'paduueckuit uarepdeiic komriekca ANSYS: M.
JIMK, 2006. 248 c.
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2 Kamnyn A.B., MoposzoB E.M., OndepreBa M.A. ANSYS B pykax
umxkenepa: M.: Equtopuan, YPCC, 2003. 272c.

3 Yurapes A.B., KpaBuyk A.C., Cmamok A.®. ANSYS s
nHxeHepos: Crpas. mocodue. M.: MammHoctpoenune-1, 2004. 512c.

4 Moposos E.M., Myiizemuek A.1O., Hlanckuit A.C. ANSYS B pykax
nHxenepa: Mexanuka paspymenus: M.: JTEHAH/I, 2008. 456c.
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7 NMPAKTHUYHE 3AHATTSA Ne 7

OmiHKa aIeKBaTHOCTI MaTeMaTHYHOI MO/IEN 3BapHOi KOHCTpYKii. O1iHKa
SIKOCTI CITKH

7.1 Meta poboTtn

3acBOITH OCHOBHI NPUHIMUIM OIIIHKK aJICKBATHOCTI OTPUMaHHUX
pe3yabTaTiB. HaBuWTHCS OIIHIOBATH BIUIMB SIKOCTI CITKM KIHIIEBUX
€NIEMEHTIB Ha TOYHICTh OTPUMAHUX PE3YJbTATIB.

7.2 3aranbHi BizomocTi
[Ticnst 3aBepIieHHS PO3PAaXyHKY Ha €KpaH BHUBOAATH pE3yibTaT Y
BHTJISII KOJILOPOBOT 1301IKAIH, JIe JIIHISIMA OJTHOTO KOJbOPY IMO3HAYAIOTHCS

NUTGHUIN, HAa SKAX JHIIOTh OJHAKOBI HampyxkeHHs (puc.7.1) um
CIOCTEPITraloThCsl OHAKOBI MepeMiteHHs (puc.7.2).

K =257.365

sAx

[ 57.1921 114.384 171.576 228.768
2B.5961 85.7BB2 142.98 200.172 257.365

Pucynok 7.1 — ExBiBasieHTHI HANIPY>KEHHS [IPU PO3PAXyHKY Ha
mirHicTh, MIla



SHE =9.85080

g 2.18904

L. 023452
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4. 37800
3.28356 5.4726

S, B506E

Pucynok 7.2 — CymapHi niepemillleHHsI IPH PO3paxyHKy Ha MIllHICTb,

MlIla

[HKOMM 17151 BCeO1UHOT OI[IHKY TMTOBEIIHKK KOHCTPYKITiT Ta MaTepiany
HEOOX1IHO PO3IIITHYTH Pe3yJIbTATH MOMAPOBO, BCTAHOBUBIIIY Bi/IMOBI IHI

OITII11.
& Plot Results
E Deformed Shape
8 Contour Plot
E Nedal Solu
E Element Solu
E Elem Table
E Line Elem Res
Vector Plot
Plot Path ltem
Concrete Plot
ThinFilm
ist Results
Query Results
2
B Results Viewer
Nodal Calcs
Element Table
= Path Operations
urface Operations
oad Case
heck Elem Shape
E Write Results
ROM Operations
Submodeling
Safety Factor
Define/Modify

I\ Options for Qutput

Options for Output
[RSYS] Results coord system

Local system reference no,

Global Cartesian -

[AVPRIN] Principal stress cales.
[AVRES] Avg rslts (pwr grph) for
Use interior data

[/EFACET] Facets/element edge

From components -
[All but Mat Prop ~

™ NO

1 facet/edge -

[SHELL] Shell resulfs are from
[LAYER] Layer results are from

Specified layer number

[FORCE] Force results are

oK Cance |

Middle layer -

aver
ottom layer

& Specified layer

]

Total force -

Help |

Pucynok 7.3 — Po3ramryBaHHs po3iTy Il HAJIAIITYBaHHS OITIIii
BHBOJly PE3YJIbTAaTIiB HA EKpaH

OLIIHKHU

Host

TOYHOCTI

pe3yibTaTiB

pPO3paxyHKy HEOoOXimHO

BpPaxoBYBaTH AKICTh CITKM KiHLIEBUX €lIeMEHTIB. EneMeHTH HenmpaBMIIBHOT
¢dopmu abo po3Mipy MOXYTh HAKOIHYYBATH MOMHIIIKH, SKi CIIOTBOPIOIOTH
KapTHHY pe3ynbTatiB (puc.7.4).
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Pucynok 7.4 — Ilpuknag eneMeHTa HEMpaBHIBHOI (OPMHU, SKHH MOXKe
MPUBECTH 0 MOXUOKU PO3PaAXYHKY

BMiHHS po3mi3HaBaTH HOMUJIKH, 110 BUHUKIM BHACIIIOK HEAKICHOI
CITKH, PUXOAATH 3 JOCBiIoM. Lle 103B0IsIE HE TIEpepOoOIIATH MOJIEIb, SKIIO
BUHHKJIM CYMHIBH 1, THM CAMUM, 36KOHOMHTH 4ac PO3PaxyHKYy.

7.3 KouTpoapHi 3anuTaHHs AJis caMonepeBipku i
KOHTPOJII0 MiATOTOBJIEHOCTi CTYIeHTIB 10 podoTH

1 Bkaxith po3mmpeHHs (aiina 6a3u JaHuX, IO CTBOPIOETHCS
nporpamoro ANSYS.

2 Hagenith npukitaz 3micty ¢aitny 3 posimpennsm .dbb?

3 Skum yuHOM (hopmyeThes (aiin 3 posmpernsm .dbb?

4 TlosicHUTD, B SIKOMY 3 TIEpEPi3iB MIapy METay OIepKYIOThCA
HaHOUTBII JOCTOBIPHI PE3YIBTATH PO3PAXYHKY: BEPXHBEOMY, CEPETHBOMY,
HIKHBOMY?

5 BkaxiTh MOCTiIOBHICTh KPOKIB ISl BHECEHHS 3MiH B TEOMETPUIHY
Mozenb abo (hi3UKo-MeXaHidHI BIIACTUBOCTI MaTepiaiy.

6 BxaxiTh MOCTiIOBHICTh HACTYITHUX JAil JUIsI 3MIHU THITY KIHIIEBUX
€JIEMEHTIB 3 METOIO MiIBUIIEHHS TOYHOCTI MOJAJIBIINX PO3PAXYHKIB MiCIIs
OTPUMAaHHS Pe3yJIbTAaTiB.
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7.4 Bka3iBKHU 3 TeXHIKH 0e3nmeKkn

1 Jlo mpakTHYHUX POOIT JOMYCKAIOTHCS CTYACHTH ITICHS IHCTPYKTaKy
3 OXOPOHH TIpalli i MOKEKHOT OC3IMEKH.

2 3a00pOHSETHCS BKIIOYATH CIEKTPUYHI TNpwiagd 0e3 J103BONY
3aBijyBayva Jab0opaToOpi€ro UM BUKIIANaya.

2V BUMNAJKy MOXEXKI YU TOPA3KU CICKTPUUHUM CTPYMOM CTYICHTH
MOBUHHI JIATH Yy BIIMOBIAHOCTI 13 3aTBEPKCHUMH IHCTPYKIIISIMH 3
OXOPOHU ALl 1 TOXKEXKHOT OC3MEeKH.

7.5 IlopAaoK NpoBeJeHHsA POOOTH

1 Biakputu ¢aitn B Mechanical APDL Product Launcher (i3
3aBJaHHSAM, BUKOHAHUM Ha MOMEPETHIX 3aHIATTAX).

2 3a BKa3iBKaMH BHKIIQJIa4a MPEJACTABUTH PE3YJIbTATH PO3PAXYHKY Y
TOMY YH IHITIOMY BUTJISIIL.

3 Bkazaru Miclis, J¢ HeIKICHI €JIEeMEHTH MOIJIA CIPUYMHHUTH MTOXUOKY
PO3paxyHKy. 3anponoHyBaTH MUISTXH YCYHEHHS I1i€T MTOXHOKH.

4 3pobutn HeoOXimHi 3MiHM y Mogeni. IlpomeMoHCTpyBaTH HOBWHIA
pe3ymnbTart.

7.6 3micT 3BiTY

Mera 1 wMeroaWka BUKOHAHHA TpakTH4HOI podotn. KopoTki
TeopeTndHi BimoMocTi. [locimioBHICTE KPOKIB IS TIEPETIIsily OTPUMAaHIX
pesynbTaTie Ha [IK Ta BimoOpakeHHs ix y 3Bitax. PosmpykiBka Qaiimy 3
rpadiyHUM BiOOpaXKEHHSIM pPE3YNbTATIB (32 HASBHICTIO MOXMIJIHBOCTI).
BucHoBku 1o po6oTi.

PexoMmennoBana jgiteparypa
1 Bacos K.A. I'paduueckuit uarepdeiic komriekca ANSYS: M.

MK, 2006. 248 c.
2 Kamnyn A.B., MopozoB E.M., Ondeprea M.A. ANSYS B pykax
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nnxenepa: M.: Enutopuan, YPCC, 2003. 272c.

3 Yurapes A.B., KpaBuyk A.C., Cmamiok A.®. ANSYS s
nHxeHepos: Crpas. mocodue. M.: MammHoctpoenune-1, 2004. 512c.

4 Moposos E.M., Myiizemuek A.1O., Hlanckuit A.C. ANSYS B pykax
nHxenepa: Mexanuka paspymenus: M.: JTIEHAH/I, 2008. 456c.

5 Moo C.H. AnTtoniok J[.A. IlepcrieKTHUBBI HCTIONIB30BAHUS
COBPEMEHHBIX KOMIIBIOTEPHBIX CHCTEM MPOEKTUPOBAHUS U MOJCIHPOBAHHS
CBApHBIX KOHCTPYKIIMH U TIPOM3BOJICTBA MOKPHITHN. CBapKa 1 KOHTPOJIb.
T.3./C.H. Ilonos, JI.A. Autontok. Ceapounvie mamepuanvl. Texnonozus.
Csapounoe obopyoosanue. Ilepmb, 2004. C.180-185.

6 Ilomo C.H., Artontok /[.A., MapkoB A.U., Jlucynos HO.1.,
[omnosa T.H. MccnenoBanue HanpsbkeHHO-Ie)OPMUPOBAHHOTO COCTOSTHHUS
CTaJIbHBIX KOHCTPYKIIMI Ha OCHOBE MporpaMMHoro komriekca ANSYS.
Hoesi mamepianu i mexunonocii 6 memanypeii ma mawunooyoy8anHi.
Sanopixkxs, 2004, Bun.2. C.107-112.
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JlogaTtoxk A

Ecki3 koHCTpyKIii
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No Ecki3 koHCTpyKIii
4
5
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No Ecki3 koHCTpyKIii
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Ne

Ecki3 koHCTpyKIii

10
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Jonarok b
No Poswmipu, MM
I 11 b bl h hl d S | F P,
H | MIla
1 | 1000 | 500 | 200 | 100 | 200 | 400 | 25 | 3 | 75 | 0,5
2 | 1200 | 600 | 100 | 50 | 200 | 400 | 50 | 2 | 50 | 0,25
3 | 1300 | 650 | 200 | 100 | 100 | 200 | 35 | 3 | 75 | 05
4 | 1400 | 700 | 300 | 150 | 150 | 300 | 50 | 5 | 100 1
5 | 1500 | 750 | 400 | 200 | 200 | 400 | 100 | 4 | 120 | 0,8
6 | 1600 | 800 | 500 | 250 | 250 | 500 | 150 | 5 | 130 | 11
7 | 1700 | 850 | 600 | 300 | 300 | 600 | 200 | 6 | 140 | 1,2
8 | 1800 | 900 | 700 | 350 | 350 | 700 | 250 | 4 | 150 | 0,9
9 | 1900 | 950 | 800 | 400 | 400 | 800 | 300 | 5 | 160 | 1,3
10 | 2000 | 1000 | 900 | 450 | 450 | 900 | 350 | 6 | 170 | 1,4
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Jlonatoxk B

z

Martepian

Crans 09I2C

Crans C13

Crans 12X18H10T

AmoMiHii

Crainb 65T

Crains 45

Crainp 13X

Crains 45I'1 7103

OO |IN|O|O1B|IWIN|F-

Cranp 12X18HIT

[EEN
o

Crains 09I2C




