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1 IPAKTUYHE 3AHATTSA Ne 1

AHaJi3 MOXKJIMBOCTEH Ta 00JIaCTe BUKOPUCTAHHS METOAY CKIHYCHHUX
esnieMeHTiB. ETany cKkiHueHO-eIeMEHTHOTO aHallizy

1.1 MeTa poboTn

O3HaiiOMIICHHS 3 MOXIIMBOCTSMH Ta OOJACTSAMU BUKOPHCTAHHS
METOJIy CKiHYCHO-CJIEMEHTHOT'O aHasli3y. 3aCBOEHHS IOCIIIOBHOCTI €TaIliB
CKiHYEHO-EJIEMEHTHOTO aHaJi3y.

1.2 3araamsHi BizomMocTi

OCHOBHOIO 3a/auelo0  iH)KEHepa SIBIAETbCS TPOCKTYBaHHS  Ta
PO3paxyHOK PI3HOMAaHITHUX KOHCTpYKIii. lle BUMarae Big HHOTO 3HAHHS
OaraThOX TpeAMETIB B Pi3HUX cdepax, CTapaHHOCTi, YBaXXHOCTI Ta
BEJIMKOTO 3anacy 4yacy. CydacHi mporpamMu 3Ha4HO TMOJIETIIYIOTh pOOOTy Ta
JIO3BOJISIIOTE POOUTH PO3PaxyHKH 3HAYHO IIBUJAIIE Ta sKicHiIme. Takox
BOHH Bi3yasi3yOTh NMPOIIEC MPUKIIAIaHHS 3yCHIb, MOMEHTIB, CEPEIOBHII] Ta
MOKa3ylTh, IO OyJe 3 KOHCTPYKIIE, NETAUIF0 Yepe3 TOH UM IHIIMMA
IPOMIXKOK Yacy.

Ha nanwmii gac icHye 6arato cucteM KOMI FOTEPHOTO PO3paxyHKY, aje
ix moxHa Buninuty B ABi rpynu: CAD (Computer — Aided Design) Ta CAE
(Computer — Aided Engineering). CAE-cuctemu mnpusHaueHi is
MOJIEITIOBAHHSA 1 aHali3y pPI3HOMAaHITHHX (i3UYHUX MPOIECIB, TAKUX SIK
HaBaHTaKEHHS Oalky, pyHHYBaHHS KOHCTPYKIIi, MPOTATOM IOBITPS B
BEHTWIALIMHUX Imaxtax i T. A. bigbmicte cyuacHux CAE-cuctem
3aCHOBaHA HA TIOBHUX MaTeMaTHYHHX MOJENSX, IO MPEACTaBIAIOTH CO00I0
CHUCTEMH PIBHSHb B YACTUHHHX TOXITHUX, IKi BUPIIIYIOTHCS 32 TOTIOMOTOFO
METOJIB KIHIIEBUX Pi3HHIb, KIHIIEBHX OOCATIB 1 KIHIIEBUX EIIEMEHTIB,
30kpeMa Ansys Mechanical APDL [1] (mig 4Yac mHpakTHYHUX 3aHSATh
BUKOPHCTOBYETHC JTiTleH3iiHa Bepcis 4.0).



OCHOBHI eTanu CKiHYeHO-eIEMEHTHOTO aHalli3y:
1) Preferences — Bka3ye tui po3paxyHky (puc.l.1).

n Preferences for GUI Filtering

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

[~ Thermal

[~ ANSYS Fluid
Electromagnetic:

™ Magnetic-Nedal
[~ Magnetic-Edge
I~ High Frequency
I~ Electric

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

Discipline options

* h-Method

oK Cancel Help

Pucynok 1.1 — Ctpykrypa po3ainy rojJoBHOro MeHto Preferences

2) Preprocessor — Ha cTajil IPEMPOIECOPHOI MiATOTOBKH BUKOHYETHCS
BHUOIp THITy pO3paxyHKiB, MOOyq0Ba MOZeENi W TOJATOK HAaBaHTAKCHb
(Bximroyaroud W rpaHuuHi ymoBHM). TyT 3amaroThCsi HEOOXimHi st
po3B'sa3Ky BuxigHi fani. KopucryBad BHOHMpae KOOpIWHATHI CUCTEMH H
TUTH CKIHYCHUX €TIEMEHTIB, yKa3ye MPYXKHI MOCTiiHI i (i3uKo-MexaHiuHi
BJIACTHBOCTI MaTepiany, Oyaye TBepAy MOJAEIb 1 CITKY CKIHYCHHUX
CJICMCHTIB, BUKOHY€E HEOOXI1JIHI i 3 By3JIaMu 1 €JIEMEHTaMU CiTKH, 3aJ1a€
piBHSHHS 3B'SI3Ky W oOMexeHHs. MOXHa TakoX BHUKOPHUCTOBYBATH
MOJYJIb CTATUCTUYHOTO OOJIKY AJIS OIIHKMA OYiKyBaHHUX PO3MIpiB (haiimiB
1 BUTpAT pecypciB nam'sari(puc.1.2).



Main Menu

Preferences

=
Element Type
Real Constants
Material Props
Sections
Modeling
Meshing
Checking Ctris
Numbering Ctris
Archive Model
Coupling / Ceqgn
Multi-field Set Up
Loads
Physics
Path Operations

Solution

General Postproc

TimeHist Postpro

ROM Tool

Radiation Opt

Session Editor

Finish

Pucynoxk 1.2 — CtpykTypa po3airy rolIoBHOTO MeHIO Preprocessor.

3) Solution — Ilicas Toro, fK TpPH MPENPOLECOPHi MiArOTOBII
no0yJoBaHa PO3PAaXyHKOBAa MOJENb, MOXHA IMEPEXOOUTH 1O CcTaii
po3B'sa3Ky 3aBaaHHs. Llel etam MicTuTh y co0i 3aBIaHHs BHAY aHawi3y i
Horo OIIIif, HAaBaHTAXKEHb, KPOKY PO3B'SI3KY 1 3aKiHUY€ETHCS 3aIyCKOM Ha
PaxyHOK CKiHUEHO-eJIeMEHTHOTO 3aBaaHHs (puc.1.3).



IMain 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

AreEEE

Pucynoxk 1.3— CtpykTypa po3aiiay ToJIOBHOTO MeHIO Solution

4)  General Postproc — Y nporpami ANSYS crajuis mocTnpouecopHoi
00poOKHM i€ 3a CTalisIMU TPENPOIECOPHOI MiArOTOBKH W OCpKaHHS
pPO3B'sI3Ky. 3a JOMOMOTO0 IIOCTIIPOLIECOPHUX 3aco0iB MporpaMu €
MOJKJIMBICTD 3BEPHYTHCS JI0 PE3YJBTATIB PO3B'A3KY W IHTEPIPETYBATH iX
moTpiOHMM 0o0pazom. PesymbraTé pimieHHS BKIIOYAIOTh 3HAYCHHS
MepeMIiIeHb, TEMIIEPATyp, HAMIPYT, AedOopMaIliif, IBUIAKOCTEH 1 TEIUIOBUX
notokiB. IlizcymMkoM poOOTH TporpamMu Ha MOCTIPOLIECOPHOI CTalii €
rpadiune i (abo) TabnuyHe OAaHHS pe3ynbTaTiB. ['padiune 300paxeHHs
Moke OyTH BUBEJCHE Ha MOHITOp B IHTEPAKTHBHOMY DPEKHMi IiJ Yac
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MOCTIIPOLIECOPHOi 00poOKHM abo mepeTBopeHe y TBepay Komito (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
Nodal 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

Pucynox 1.4— Ctpykrypa po3ainy romoBHoro MeHio General Postproc



1.3 KoHTpoabHi 3anIMTaHHA AJA caMonepeBipKH i
KOHTPOJIO MiATOTOBJEHOCTi CTYAeHTIB 10 po0oTH

1 TlepepaxyiiTe OCHOBHI 3amadi, SIKi BHUPIIIYIOTBCS 3a JOTIOMOTOIO
ANSYS?

2 IlepeniynTh OCHOBHI PO3aiiH To0BHOTO MeHIO ANSY'S.

3 Ilepepaxyiite erany BUKOHAaHHS po3paxyHKiB B ANSY'S.

4 Ha3zBiTh Npu3HaYCHHS! OCHOBHUX PO3/LJIiB TOJIOBHOTO MEHIO.

5 IlepepaxyiiTe HaHOITBII YAaCTO BUKOPHUCTOBYBaHI KOMaHIW TaHEI]
IHCTPYMEHTIB.

6 HasBiTh mnpu3HaueHHs (MOXXJIHMBOCTiI) OCHOBHUX KOMAaHJ| MaHei
IHCTPYMEHTIB.

7 BxaxiTh OCHOBHI BUMOTH JI0 PO3TAIIyBaHHS PO3PaXyHKOBUX (DaiiiIiB
ANSYS Ta ix Ha3BH.

1.4 Bka3iBKHu 3 TexHiku 0e3nexku

1 [lo mpakTHIHUX POOIT HOMYyCKAIOTHCS CTYACHTH IICISA iHCTPYKTaXy
3 OXOPOHH ITpalli 1 MOKEKHOT OC3MEKH.

2 3a00pOHSETCS  BKJIIOYATH CIICKTPUYHI TpWIaau 0e3 J03BOJY
3aBigyBada JabopaTopicro Yu BUKIaaada.

3V BuUnaaKy MoKeXi 4M MOPa3KH €JEKTPUYHUM CTPYMOM CTYIEHTH
MOBHHHI JISATH Y BIJIMOBIAHOCTI 13 3aTBEPPKCHUMHU IHCTPYKIISIMU 3
OXOPOHH TIpalli i TOXKEXKHOT Oe3IMeKH.

1.5Mlopsanok npoBeleHHsSI PO0OTH

1 Binkpuru daiin B Mechanical APDL Product Launcher
(po3ramryBaHHs Ta Ha3By (paiiily BKasye BHUKIAIAY).

23a J0MOMOTOI0 BHKIIAJa4a O3HAHOMHTHCS 3 OCHOBHUMH PO3JIiIaMH
ocHOBHOTro MeHIo (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/iJii TOJIOBHOTO MEHIO.

3 PoszpaxyBaru 3amany monenb( Solution — Solve — Current LS)

4 Busectu pe3ynbTary 3a nonomororo General Postproc.

5 Ilo 3aBmaHHIO BUKIaAada MiAroTyBaTH ¢aim mns 3BiTY Ta
30epertu Qaiii i3 po3paxyHKOM.

1.6 3micT 3BiTY

Mera 1 Meromuka BUKOHaHHS mpakTHdHOi pobotn. Kopotki
TeopeTnuHi BimoMocTi. Ilopsmok mii (KpOKIB) IJisi OTpUMAaHHS Pe3yIbTaTiB
po3paxyHky. PosapykoBanmii Qaitn 3 pesyiabTaramu (IIpH  HasBHOCTI
MOYJIUBOCTI). BUCHOBKH 110 pOOOTi.

PexomeHnnoBaHa jgitepatrypa

1 baco K.A. I'papuueckuii maHTepdeiic xomrmiekca ANSYS: M.:
IMK, 2006. 248 c.

2 Kammyn A.b., Mopo3zoB E.M., OndepreBa M.A. ANSYS B pykax
umkenepa: M.: Equtopuan, YPCC, 2003. 272c.
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3 UYwmrapes A.B., KpaBuyk A.C., Cmamoxk A.®. ANSYS nmns
uHxeHepos: Crpas. mocodue. M.: Mamunoctpoenue-1, 2004. 512c.

4 MopozoB E.M., Myiizemuek A.1O., Illanckuit A.C. ANSYS B pykax
unxeHepa: Mexanuka pazpywenus: M.: JIEHAH]/, 2008. 456¢.

5 TlomoB C.H. Awntonox [I.A. IlepcrekTuBbl HCIIOIB30BaHUS
COBPEMEHHBIX KOMIBIOTEPHBIX CHCTEM MTPOSKTHPOBAHUS U MOJICIIMPOBAHHUS
CBapHBIX KOHCTPYKIMHA M TPOU3BOJACTBA MOKPHITHH. CBapka M KOHTPOJIb.
T.3. /C.H. Ilomos, H.A. AuTtoHoK. Ceapounvie mamepuanvl. Texnonozus.
Csapounoe obopyoosanue. Ilepmn, 2004, C.180-185.

6 Ilomo C.H., Antonwok [[.A., MapkoB A.U., Jlucynor IO.U.,
ITonosa T.H. HccnenoBanve HanpshKeHHO-I1e(HOPMHUPOBAHHOTO COCTOSHIUS
CTAJIbHBIX KOHCTPYKIIMH Ha OCHOBE MpOorpaMMHOro kKomruiekca ANSYS.
Hosi mamepianu i mexnonozii ¢ memanypeii ma Mauuro0yOy8aHHi.
3amopixoxs, 2004. Bun.2. C.107-112.
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2 IPAKTUYHE 3AHATTSA Ne 2

Po3pobka reomerpranoi Mozeni BupoOy. MoaearoBaHHS B IPETIPOIIECOPI.

2.1 Merta poboTn

3acBO€EHHS CIIOCOOIB  PO3POOKM CKIHYCHOO-CJIEMEHTHOI MOJei
00’€MHOT IeTai 9u 3BapHOT KOHCTPYKIIi.

2.2 3araabHui BifomocTi

2.2.1 OCHOBHi IHCTPYMEHTH PO3/ily TooBHOTO MeHI0 Modeling.
Preprocessor — Ha cTamii IpenponecOpHOi MiArOTOBKH BHUKOHYETHCS
BHOIp TUIY pPO3paxyHKiB, mMOOya0Ba MojeJi i JOAATOK HABAHTAXECHb
(Bximtoyaroun W rpaHuuHi ymoBHM). TyT 3amaroThCsi HEOOXimHi AJist
po3B's3Ky BuxinmHI maHi. KopructyBau BUOHMpae KOOpIWHATHI CHUCTEMHU i
TUTH KIHIIEBUX €JIEMEHTIB, yKa3ye MPYKHI MOCTiHHI ¥ (i3uKo-MexaHiuHi
BJIACTUBOCTI Marepiany, OyAye TBepAy MOHENb 1 CITKy KiHLIEBHX
CJICMCHTIB, BUKOHY€E HEOOXI1JIHI i 3 By3JIaMHu 1 €JIEMEHTaMU CiTKH, 3aJ1a€
piBHSHHS 3B'SI3Ky W oOMexeHHs. MOXHa TakoX BUKOPHUCTOBYBATH
MOJYJIb CTATUCTUYHOTO OOJIIKY AJISl OLIIHKK OYiKyBaHHX PO3MipiB (aiiniB
1 BUTpAT pecypciB Mmam'sti.
Poznin  romoBHoro wmeHto Modeling mnotpiben gms  pobotu 3
TEOMETPUYHOI0  MOJCIUIIO:  HOOyAOBa, BHUIAICHHS,  KOIIIOBAaHHS,
NepeMillleHHS. . .
Create (3 aHIVI. CTBOPUTH) — KOMaHAa i CTBOPEHHsI/TIOOYI0BU
CJIEMEHTIB:
- Keypoints (3 aHrI1. TOUYKH) — 103BOJISIE CTBOPUTH TOYKH HA pOOOUOMY
CTOJII, JiHi1, By3Ji. ..
- Lines (3 anrm. miHii ) — mobyzxosa miniii (Lines), kona (Arcs), KpuBa
(Splines).
- Areas (3 aHIJIL. IUIOMIMHA) — CTBOPEHHS Pi3HUX T€OMETPUIHUX
IUIOILIMH: KPYT, IPSIMOKYTHHK, 0araTOKyTHHK, JOBUIbHA IUIOIIMHA
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(Arbitrary).
- Volumes (3 anrn. 06’emu) — moOynoBa 00’ eMHuX (iryp: GJIOK,
IUITiHAD, pu3Ma, cdepa, KOHYC, yciueHa mipamiza.
Move (3 aHT1. IepeMileHHs ) — KOMaHAa CTBOPEHa ISl TepeMileHHS
€JIEMEHTIB.
Copy (3 aHIJI. KOMiIOBaTH) — JO3BOJISE KOMIIOBATH BUAICH] CIEMEHTH.
Delete (3 aHr1. BUJAIUTH) — BUIAJISIE BUICHI CIICMEHTH.

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 Ctris
Numbering Ctrls
Archive Model
Coupling / Cegn
Multi-field Set Up
Loads
Physics
Path Operations
Solution
Pucynok 2.1 — Iligpo3aisu po3ainy rojoBHoro meato Modeling

HEHEHEEKBBE



2.2.2 Enemenr Plot
[Ipu poboTi 3 pi3HUMH NPOEKTaMHU IHKOJIM TOCTA€ 3aBJaHHS PO3TILIHYTH
KOHCTPYKIito B iHmomy Burisiai. Tak emement Plot (puc.2.2) mo3Bosse
MOKa3aTH TOYKH, IUIOMIMHHU, O00‘€eMu. 300pasuTH TPHUKIAJEHHS CHI Ta

MOMEHTIB Ta iH.

14

n ANSYS Academic Teaching Introductery Utility Menu (Name)

File Select List Plot PlotCirls WorkPlane Parameters Macro MenuCirls Help

Replot

Toolbar

Keypaints

Lines

Areas

Volumes
Specified Entities

Nodes
Elements

Layered Elements ...

Materials
Data Tables

Array Parameters .

Resits
Muti-Plots
Components

3

Pucynok 2.2 — PosramryBanus enementy Plot
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2.2.3 Enemenr PlotCtrls

B xomi moOymoBu 00’eMHOI Momeni dacto OyBae Tak, IO Yepes3
HArpoMa/DKeHHS BEJMKOI0 KUIBKICTIO €JEMEHTIB KOHCTPYKIii, MpPOEKT
Ba)XKO OIIHUTH. ToMy U yIOps/AKYBaHHS Ta HaJAIITyBaHHS KPECICHHS
BUKOPHUCTOBYIOTH eneMeHT PlotCtrls (puc.2.3).

u AMNSYS Academic Teaching Introductery Utility Menu (Mame)

File Select List Plot PlotCirls WorkPlane Parameters Macro MenuCirls Help

E]EJE@J@]@J Pan Zoom Rotate ...

| View Settings 4
Toolbar |

Numbering ...
Symbols .

i Style ’
Font Controls v
Window Controls ’
Erase Options v
Animate »
Annotation o

Device Options ...
Redirect Plots ’
Hard Copy v

Save Plot Ctrls .
Restore Plot Ctrls .
Reset Plat Cirls

Capture Image ...
Restore Image ...
Write Metafile ’

Multi-Plot Controls .
Multi-Window Layout .

Best Quality Image 4
Pucynok 2.3 — PozramryBanus enementy PlotCtrls

3a momomoror IyHKTYy Numbering KOpHUCTyBad MOKE MPOHYMEpPYyBaTH
OCHOBHI €JIEMEHTH: TOYKH, JTiHii, TUIOMWHY Ta iH. (puc.2.4).
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A Plot Mumbering Controls

[/PNUM] Plot Numbering Controls

KP  Keypoint numbers [~ Off
LINE Line numbers [~ Off
AREA Area numbers ™ off
VOLU Volume numbers ™ Off
NODE Node numbers [~ Off
Elem / Attrib numbering |Rea| const num j

TABM Table Names E|Ement§Ee num ~

Section numbers

SVAL Mumeric contour values et et

v
DOMA Domain numbers Wa:rne_rfront asler
[/MUM] Numbering shown with JCoIors only j
[/REPLOT] Replot upen OK/Apply? JRepIot l.|

oK ‘ Apply J Cancel ‘ Help

Pucynok 2.4 — Ctpyktypa mynkry Numbering

IIpu BigkpurTi Symbols, y HOBOMy BiKHI MOXXHa BKa3aTH pi3HI CUMBOIHU
IUTSL BiOOpaskeHHS Pi3HUX HaBaHTaKEHb Y MPOTrpaMi: MPUKIAIACHHS CHIIH,
THUCKY, MOMEHTIB, KOJIbOPOBI QijbTpH Ta iH. (puc.2.5).
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A Symbols

[/PBC] Boundary condition symbaol
¥ All BC+Reaction

" All Applied BCs
" All Reactions

" None
" For Individual:
Individual symbol set dialog(s) v Applied BC's
to be displayed: ¥ Reactions

v Miscellaneous

[/P5F] Surface Load Symbols 1F‘ressure5 j
Visibility key for shells [T Off
Plot symbols in color [¥ On
Show pres and convect as -

[/PBF] Body Load Symbols |Nur1e L]

Show curr and fields as 1C|:|ntclur5 v]

Pucynok 2.5 — Ctpykrypa nmyHKTy Symbols

2.3 KoHTpPOJIBbHi 3aIUTaAHHA AJ5 caMomnepeBipkm i
KOHTPOJII0O MiATOTOBJEHOCTIi CTYJAeHTIiB A0 podoTH

1 Hagenite iepapxiro (OJOK-CXeMy) CTPYKTYPHUX CKJIJOBHX, SKi
MPUIMAIOTh YYacTh MPH CTBOPEHHI TPUBUMIPHUX Mojenel (TOYoK, JiHii,
MOBEPXOHB, 00’ €MIB).

2 Ha3BiTh OCHOBHI TIepEBaru Ta HEJOJIKA BiTOOpaKEHHS T€OMETPHIHOL
MOJIEII 32 TOTIOMOT'OI0 OKPEMUX CTPYKTYPHHX CKIIaJOBHX.

3 BkaxiTh, B SKOMY pO3AUII TOJOBHOTO MEHIO PO3TALIOBYIOTHCS
THCTPYMEHTH JUIsl TOOYJOBU T€OMETPUIHOT MOJENi?

4 Tlepeniunth omepariii, SKi MOXJIMBO MPOBOAUTH HaJ 00’€KTaMU IMPH
CTBOPEHHI T€OMETPUYHOI TPUBUMIPHOI MOJIENi?
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5 BkaxiTh, 32 SIKHMH O3HAaKaMHd MOYKHa HyMEpyBaTH Ta BijmoOpaxaru
OKpeMi CTPYKTYpHi CKJIaZIOBi T€OMETPUIHOT MOJIENi?

6 OnuiiTh, B SKUX BUMAJKAX € MOXJIMUBICTH OyqyBaTH I'€OMETPHUYHY
MOJENb JIUILE 32 JOIOMOTO0 JTiHINH?

2.4 Bka3iBKHU 3 TexXHIiKH 0e3NmeKH

1 lo npakTH4HUX POOIT AOMYCKAIOThCS CTYACHTH IICHs IHCTPYKTaxXKy 3
OXOPOHH TIpaIli i TOXKEXKHOT Oe3IMeKH.

2 3a00pOHSAETHCSA BKIIOYATH CISKTPUYHI Tpuiaagun 0e3 HJ03BOIY
3aBiJyBaya JIaAOOpaTOpi€lo UM BUKJIA[aya.

3 V BHNAJAKy MOXEKI UM MOPA3KU CICKTPHYHUM CTPYMOM CTYJCHTH
MMOBUHHI MiSITH y BIAMOBIZHOCTI 13 3aTBEPKCHUMH IHCTPYKIIISIMH 3
OXOPOHH TIPalli 1 TOKEKHOT OC3MEKH.

2.5 IlopAaOK NMpPpOBeJeHHNA POOOTH

1 Bigkputu mayruep Mechanical APDL Product Launcher «...» (Bci
Ha3BH BKa3yBaTH JIATUHCbKUMHA CI/IMBOHaMI/I).

2 3a IOMOMOTOI0 BHKIIQJa4ya O3HAWOMHUTHCS 3 OCHOBHHMH PO3JAiaMu
OCHOBHOT'0 MeHIO (Main Menu).

3 CrBoputH po3paxyHkoBy wmozenb (Preprocessor — Modeling —
Create...) 3riiHO 13 3aBHaHHAM (HOMEp €CKi3y - ocTaHHsS Ludpa HOMEPY
3amikoBoi kHWkKH (Jlomarox A), HOMep psnmka i3 po3mipamMu —
nepenoctants nudpa Homepy 3anikoBoi KHIKKH ([lomaTox b).

4 Tlo 3aBmaHHIO BHKJIaJada MOKa3aTH TOTOBY MOJIENb 3a JOMOMOTOIO
TiHii (TOBEPXOHb, TOUOK).

5 Ilo 3aBmaHHIO BHKIaJada BHOpaTH KOHKPETHI IOBEPXHi, JiHili,
MOBEPXHi, 0 KOHTAKTYIOTh 3 OOpaHUMH JIiHiSIMU.

6 Tlo 3aBmaHHIO BUKJIaJadya MiATOTyBaTH ¢aiin mis 3BiTY Ta 30epertu
(haiin i3 moOyIOBaHOIO MOEILTIO.
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2.6 3micT 3BiTY

Mera 1 wMeToaWKa BUKOHAHHA TMpakTH4HOI poboTtn. KopoTki
TeopeTHyHi BimomocTi. [locmigoBHICTE MOOYIOBH T€OMETPHIHOI MOIEII.
Po3apykiBka daiiny i3 300paxkeHHsM MojeNl (IPU HasIBHOCTI MOYJIMBOCTI).
BucHoBKH 110 POOOTI.

PexomenagoBaHa giTeparypa

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

2 Kamiyr A.b., Mopo3oB E.M., Ondeprea M.A. ANSYS B pykax
umxenepa: M.: Enquropuan, YPCC, 2003. 272c.

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

4 Illamamma A.}JO. Merogudeckue yKa3aHHS K TPAKTHUYCCKUM
pabotaM mo aucHUIUIMHE «PacueThl KOHCTPYKIMHA METOJOM KOHEYHBIX
snemenToB B ANSYS»: MI'ABT, 2012. 77c.
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3 IPAKTUYHE 3AHATTSA Ne 3

Etammu hopmyBanss (izudHOI Mozeni MaTepiary

3.1 Meta podotu

O3HallOMHUTHUCS 3 OCHOBHHUMH CIIOCOOAMU BpaxXyBaHHS BJIIACTUBOCTEH
MaTepiajiB MPU PO3PaxyHKaxX Ta IUITXaMH iX MOJCIIOBAHHS.

3.2 3araabHi BizoMocTi

IIpu pospaxysky pisHuxX npoekTiB y cucremi CAE moctaHoBka 3amadi
BUMarae 3aJjaHHs BJIaCTUBOCTEW Martepiaiy. Y 3a1eKHOCTI BiJl THITY 3a/adi,
BJIACTHBOCTI MarepialiB MOXyTb OyTW: JHIHHUMH (HampyKeHHS
npornopiiiiai  medopmariisM) abo HemHIKHUMH  (HapyXXeHHS He
MIPOTIOPIIiiiHI HAaBaHTAXKEHHSM); 130TPOITHUMH (MaTepiall MposBIsAe OMHI W
Ti caMi MeXaHIUHI BIIACTHBOCTI y BCiX HampsAMKax), aHi30TPOITHUMH
(Matepiann mposiBISE€ pi3HI MEXaHIUHI BIACTHBOCTI Y IBOX HaIpsSMKax),
OpPTOTPOITHUMH (CUMETPUYHI BiTHOCHO TPHOX OPTOTOHATHHHX TLIOIIWH);
TeMIIepaTypo3aeKHIMU a00 He 3aJIeKHUMH.

Inrepdetic ans 3aganHs MoJelNi MaTepiany BiIKPHUBAETHCS HACTYITHHM
gyuHoOM: Main Menu - Preprocessor - Material Props - Material Models

(puc.3.1).
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Main Menu %]

B Preferences

B Preprocessor
Element Type Material Edit Favorite Help

Real Constants Material Models Defined Material Models Available
B Material Props

Material Library @ =l @ Favorites |
Temperature Units (@ Structural
E Electromag Units
=
Convert ALPx
Change Mat Num
Failure Criteria
E Write to File
Read from File
Sections
Modeling
Meshing
Checking Ctrls 1| JJ | JJ
Numbering Ctrls
Archive Model

M\ Define Material Model Behavior — a *®

Pucynok 3.1 — [atepdeiic amns 3aganns MoAemi MaTepiany

OcHoBHI  JiHIWHI  BiacTuBOCTI  Matepiaxy anst  ANSYS
MECHANICAL: wmonyms mpyxsOocTi (EX) Ta koedimient Ilyaccona
(PRXY) (puc.3.2). 3nHaueHHs BBOAATHCS B EKCHOHEHIianbHIA (opmi B
MI]a.

Matiial Edr. Eavoe tED A Linear lsotropic Properties for Material Number 1 X
Material Models Defined Material Models Available
(=Y Vaterial Model Number {JRE @ Favorites Linear Isotropic Material Properties for Material Number 1
# Structural
@ Linear T1
& Eastc Temperatures (0
9 R —
@ Qrthotropic EX 2054
@ Anisofropic PRXY 0.3
& Nonlinear
€ Density
@ Thermal Expansion
& @ Damping Add Temperature ‘ Delete Temperature | Graph |
@ Crirtinn Canfficiant
J J J 0K ‘ Cancel | Help ‘
I

Pucynoxk 3.2 — 3anaHHs JiHIHHUX BIACTUBOCTEH MaTepiary

OCHOBHI  HEJNIHIAHI ~ BIAacTUBOCTI  Marepiamy mius  ANSYS
MECHANICAL: mexa texydocTi (puc.3.3). 3uadenns BBoasThcsi B MIla.
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;

Materil Edit Favorite Help

Material Models Defined Matrial Models Available: N\ Eilinear Isotropic Hardening for Material Number 1 X
PYVaterial Model Number 1! @ Isofropic :
® Density © Orthotropic Bilinear Isatropic Hardening for Material Number 1
@ Linearlsofropic @ Anisotropic
© Bilinear Isotropic & Nonlinear T
(& Elastic Temperature 0
i neesic Vel Sss

@ Plasticity Curve Fitting Tang Mod F

@ Rate Independent
8 Isotropic Hardening Plastic|

8 Mises Plasticity
$Qiinea
$ Mulilinear Add Temperature‘ Delete Temperature ‘ Add ?\ow‘ Delete Ro-.v‘ Graph
# Nonlinear
J (@ Hill Plasticity 0K Cancel Help

- - I

Pucynok 3.3— 3amaHHs HENMHIHHNX BIIACTUBOCTEW MaTepiany

Takox mpu BUpilIeHHS 3a7a4i HEOOXiTHO BpaXOBYBAaTH BJIACHY Bary
KOHCTPYKIIii, TOMy 000B’SI3KOBO 3a7af0Th MIUTBHICTE MaTepiany (puc.3.4).
A fi »

sterial Edit Favorite Help
Material Models Defined Material Models Available

B El & Generalized Anisolropic Hi -/
@ Density i@ Kinematick
@ Linear Isotropic (& Combined |
& Bilinear Isotropic (1 Rate Dependen
& Non-metal Plast Density for Material Number 1
(@ Castdron
@ Shape Memory T

. \scoe\asllc Temperatures
(& Thermal Expansion DENS
(& Damping
@ Friction Coefficient
(@ Specialized Materials
] Add Temperature ‘ Delete Temperature ‘ Graph
ol | — ok | e | e |

Pucynok 3.4— 3aanHs mijgbHOCTI MaTepianry

Slkmo mocTaHOBKa 3ajadi BUMAara€ CTBOPEHHS NEKITBKOX, PI3HUX IO
BJIACTHBOCTSIM, MaTepialiB, TO HEOOXiJIHO BHWKOHATH JOIAaBaHHA HOBOL
moneni: Material - New Model (puc.3.5).
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¥ Dcfine Material Model Behavior = m} X
Material Edit Faverite Help
New Model ... i Defined Material Models Available
Exit
S — e Number 1 & =]
(= Structural
(= Thermal
= Electromagnetics
(@ Acoustics
(= Fluids

= Piezoelectrics
(1 Piezoresistivity
(@ Thermoelectricity
(= Diffusion

| I
K (5] | a2

Pucynok 3.5 - CTBOpeHHST HOBOI MO/IeNi MaTepiaty

Hns Toro, mo0 TMPHCBOITH KOXHOMY €INEMEHTY KOHCTPYKIIii
BiJIOBIIHY MOJIETh MaTepiary HeOOXiHO 3alTH B PO3/LIT TOJOBHOTO MEHIO
Main Menu - Preprocessor - Meshing — Mesh Attributes. OOpatu
BIJMOBiIHY MOBepXHIO (JiHit0, 00’eM). [Ipu3HaunTn ans oOpanoi aerani
HOMep Tulty Matepiainy (puc. 3.6). IloBTopurtn ans Beix neTaneii.

Main Menu

Preferences 1
B Preprocessor ELEMENTS
Element Type i
Real Constants REAL NUM
Material Props
Sections
Modeling
2 Meshing A Area Attributes
E Mesh Attributes
Default Attribs
All Keypoints MAT Material number T =
A Picked KPs M
All Lines REAL Real constant set number
A Picked Lines
All Areas

PAPicked Area:

& All Volumes

[AATT] Assign Attributes to Picked Areas

Pucynok 3.6 - Ilpu3HadeHHs Mozl MaTepialy KOHKPETHIH YacTHHI
KOHCTPYKIIi1
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Hnst toro, mo6 TmepexoHaTHCs, IO KOXHIA YacTHHI KOHCTPYKIIil
MIPHCBOEHA BipHA MOJIENh MaTepiany, HeoOXimHo 3aiitu B po3fin PlotCtrls
— Numbering Ha manemi iHcTpyMeHTiB (puc. 3.7).

t PlotCirls WorkPlane Para

Pan Zoom Rotate .

View Settings 4
B Numbering ..
= Symbols .
= Style r

Pucynok 3.7 - Po3ramryBarns po3nixy Numbering
OOpatu HyMepalliro 3a THIIOM MaTepiaJly Ta BHCTaBUTH OIIIIil0
HyMepyBaHHA 332 KOJIbOPOM Ta HOMEpPOM MoJielNi MaTepiany (puc.3.8).

A Plot Numbering Controls

[/PNUM] Plot Numbering Controls

KP  Keypoint numbers [~ Off
LINE Line numbers [~ Off
AREA Area numbers [ Off
VOLU Velume numbers [~ Off
NODE Mode numbers [~ Off
Elemn / Attrib numbering -
TABN Table Names [~ Off
SVAL MNumeric contour values [~ Off
DOMA Domain numbers [~ Off
[/NUM] Mumbering shown with W
[/REPLOT] Replot upon OK/Apply? fRepm—E
OK ] Apply ] Cancel ‘ Help ]

Pucynok 3.8 - HamamryBaHHsS Hymeparllii eTleMeHTiB KOHCTPYKIIii 3a
THTIOM MaTepiaiy
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3.3 KoHTpoOJBbHIi 3anIUTaHHA AJ5 caMomnepeBipku i
KOHTPOJII0O MiATOTOBJEHOCTi CTYJAeHTIiB A0 podoTH

1 TlepepaxyiiTe OCHOBHI (I3UKO - MEXaHIYHI XapaKTEePUCTUKU
marepialy, 3 SKOTO BHIOTOBJICHa KOHCTPYKIIis st ANSYS
MECHANICAL.

2 HaBenmiTe mpuKiIaa, B SKOMY BHUIVIAAI MOXKHA 3alHCaTH BEJHKI
3HadeHHS (PI3UKO - MEXaHIYHI XapaKTEPUCTUKN MaTepiany?

3 BkaxiTsb, 3 IKOI0 METOIO 33Jaf0Th HIUIBHICTH MaTepiary?

4 Ha3BiTh OJMHMII BUMIPY, B SIKUX HEOOXIJHO 3a/laBaTH BIACTUBOCTI
matepiany B ANSYS MECHANICAL?

5 llosicHiTh, Ky (I3MKO - MeXaHIYHYy XapaKTepHCTHUKY MaTepiaiy
ommcye koedimient [lyaccona?

6B sixoMy BHIaIKy MO’KHA HE BpaXOBYBaTH LIUTBHICTh MaTepiany?

3.4 Bka3iBKHU 3 TexXHIiKH 0e3NleKH

1 lo mpakTH4HUX pOOIT JOMYCKAIOTHC CTYACHTH MICIsl iHCTPYKTaXKy
3 OXOPOHH TIparli i MOKEXKHOI OE3IMeKH.

2 3a00pOHAETHCSA BKIIOYATH CICKTPHYHI MPHIamgd 0Oe3 O3B0y
3aBiJyBaya JJaAOOpaTOpi€lo UM BUKJIaAaya.

3 V BHUNaAKy MOXKEXKI YU TOPA3KH ENEKTPUYHUM CTPYMOM CTYIECHTH
MOBWHHI MiATH Y BiJMOBIAHOCTI 13 3aTBEpPKEHUMHU IHCTPYKIIISIMH 3
OXOPOHH TIpalli i TOXKEKHOT Oe3IMeKH.

3.5Mopsinok nmpoBegeHHsS POOOTH

1 Bigkputu daitn B maynuep Mechanical APDL Product Launcher,
CTBOPEHUI Ha TMOMEpe[Hild MpakTH4HIH pPoOoTi (BCi Ha3BM BKa3yBaTH
JJATUHCBbKUMMH CI/IMBOJ'IaMI/I).

2 Bimo6pazuti o0y j0BaHy Ha MONEPETHHOMY MPAKTHYHOMY 3aHSTTI
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rEOMETPUYHY TPHUMIPHY MOJEIb.
33aiitu B po3ain roidoBHOro MeHro 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 — Pozzin ronoBHoro menro Material Properties

4 Beectu y BiJIMIOBi/IHI BiKHA JIiHIIHI Ta HEMiHIIHI BIACTHBOCTI
MaTepiaiy, 3 SIKoro 0y/Jie BUTOTOBJIEHA KOHCTPYKIIisl (HOMEp BapiaHTy —
octaHHs 1Udpa 3a1iKoBOT KHWXKKH, [logaTok B), miapHICTE MaTepiany.

530epertH 3MiHH y Qaiii.

3.6 3micT 3BiTY

Mety 1 MeToaMKa BUKOHaHHS MpakTU4HOI poboTtH. Kopotki
TeopeTuuHi BimomocTi. [locmigoBHICTE 3aaHHS BIACTHBOCTEH MaTepiany.
PoznpykiBka po3giny daitiry i3 BIaCTHBOCTIMH MaTepiary (TIpH HasSIBHOCTI
MOYIIMBOCTi). BrcHOBKH 10 po6OTi.

PexomeHnnoBaHa jgitepatrypa

1 baco K.A. I'paduueckuii maTepdeiic xomrmiekca ANSYS: M.:
IMK, 2006. 248 c.

2 Kamnyn A.B., Mopo3o E.M., Ondeprea M.A. ANSYS B pykax
umkenepa: M.: Equtopuan, YPCC, 2003. 272c.
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3 UYwmrapes A.B., KpaBuyk A.C., Cmamoxk A.®. ANSYS nmns
uHxeHepos: Crpas. mocodue. M.: Mamunoctpoenue-1, 2004. 512c.
4 Hlamanna A.JO. Meroauueckue ykazaHUS K TPAKTUYECKUM

pabotaM TO AuCHUIUTAHE «PacueTbl KOHCTPYKIMHA METOZOM KOHEYHBIX
snemenToB B ANSYS»: MI'ABT, 2012. 77c.
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4 IPAKTUYHE 3AHATTS Ne 4

Po3pobka ckiHueHO-eTIeMeHTHOT MO/IeNTi. XapaKTepUCTHKA CKiIHIeHUX
€JICMCHTIB Pi3HUX THITIB. Y IPaBIIHHS AKICTIO CITKH

4.1 Merta podotu

O3HallOMHTHCS 3 OCHOBHMMU THIIAMH CKIHYEHHX €JEMEHTIB Ta iX
MPU3HAYEHHIM, OCOOIMBOCTSMH Ta OMUTFHICTIO BAKOPUCTAHHSI.

4.2 3araJgbHi BLIZOMOCTI

[lobynoBana Momenp AIMMTBCS HA CKIHYEHI €JIEMEHTH [OCHTh
npoctoi ¢opmu. € Kimbka TuUnoBuX (opm (Tabmuis 4.1) cKiHIEHUX
€JIIEMEHTIB, B SKHUX TIIOJI¢ 3CYBIB BH3HAYA€THhCS IO 3CyBax BY3IIB 3a
JIOTIOMOTO0 JISSIKUX 1HTEPIONANIHHNK (QYHKIIIHA. 3a O0YHUCICHUMH TaKUM
YUHOM 3CYBIB BH3HAYAIOTHCS TIOJIA HANMpYXeHb i aedopmamniidt. HaiOimpm
TPYAOMICTKMH eTan BHpilleHHA 3aBiaHb 3a gonomororo MKE - me
CTBOPEHHSI CKiHYEHO-CJIEMEHTHOI MOJeNli Ha CTafil mpenpouecopHoi
MiArOTOBKH  (preprocessor), TaKk SK aBTOMaTHYHA TMOOYIOBa CITKH
€JICMEHTIB HE TapaHTye BiJI NOSBU MIOMHJIOK.

Tumnom esneMeHTa BU3HAYAETHCS:

Crymneni cBobou eneMeHTa (sSKi B CBOIO UepTy BIUIMBAIOTH 1 Ha THTI
aHai3y MeXaHIYHUHN, TeTJIOBUN, MATHITHHMA, €IIEKTPUIHUH).

Monenb 00'ekTa - OTHOMIpHA, IBOBUMipHA a00 TPUBUMIpPHA.

Bankoruii enemenr BEAM4, nanpukiaa, Mae 6 CTyrneHiB cBOOOAM
(UX, UY, UZ, ROTX,ROTY, ROTZ) y By37i i BUKOPUCTOBYETHCS IS
MOJIENTIOBAaHHS CTEP)KHEBUX KOHCTPYKWIH B 3-X BHMIPHOMY IPOCTOPI.
[Tnockuii enemenT PLANE77 mae B SKOCTI CTymeHiB cBOOOIM BY3JOBi
TEMIIEPaTypy 1 MOXE BHUKOPUCTOBYBAaTHCS [UI MOJCIIOBaHHS TUIBKU
IJIOCKUX 00'eKTiB [4].

OpHuM 3 HaWOUIBII BaXAJIMBUX €TAlliB B CKIHYCHO-CJICMEHTHOMY
aHami3zi € mo0yqoBa Ha MOJENI CITKH 3 KiHIIEBUX €IIEMEHTIB, TOOTO TOJILT
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Bciel Mozel Ha MaJleHbKi IMIMATOYKH (CKIHYCHI €JIEeMEHTH), TIOB'sI3aHI MiX
co0010 y By3JIax.

Taomuns 4.1 — Tunu CKiHYEHUX EJIEMEHTIB

Tun eneMeHTty MojenoBaHHs

LINK MopnentoBaHHs thepmoBHX
KOHCTPYKIIiil, TPOCiB, KaHATIB i T.JI.

BEAM MopentoBaHHs CTEP>KHEBUX
KOHCTPYKIIii

SHELL MonentoBaHHs TOHKOCTIHHHUX
KOHCTPYKITiit

SOLID MonenroBaHHS TPUBUMIPHUX
00'eKTiB

PIPE MopentoBaHHs CTEPIKHEBUX
CHCTEM - TpyOa + pignHa

MASS MogentoBaHHS a0COIOTHO
TBEPAOrO Tiga 1 MarepiaibHOI
TOYKH

CONTACT MogentoBaHHs YMOB KOHTaKTY

Y mnporpamaomy komiuiekci ANSYS € 1Ba OCHOBHI MeTonu
noOyIOBU CITKU: TOOynoBa JOBUIBHOI ciTku (puc. 4.1 a) i moOynoBa
BITOPSIIKOBaHOI CiTku (puc. 4.1 0).

JloBinmpHa ciTka OyAyeTbCS aBTOMATHYHO, NPH IIHOMY CYCiIHI
€JIeMEHTH MOXYTh ICTOTHO BIIPI3HATHCA 3a pO3MipamMu. YIOpsSIKOBaHA
ciTka OyIyeThCs NUISIXOM AUICHHS TC€OMETPUYHHMX €JICMEHTIB MOJENi Ha
JIesIKe YHCII0 YaCTHH.
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a 0

Pucynok 4.1 — Bunu ciTky CKiHUCHHX €J1eMEHTIB.

B aBTomMarmuHO TOOYAOBAaHMX CITKaX 3 BEJIHKHUM YHCIIOM
€JIEMEHTIB YHCJIO BY3JIB IMepeBakae HaJ YHCIIOM €JIeMEHTIB. BigHoIeHHs
MK By3JIaMH 1 eJIEeMEHTaMH, TIPUOIU3HO, 2:1 s MIIOCKUX AOBUIBHUX CITOK
16:1 11 TOBUTBHUX TPUBUMIPHUX CITOK 3 YHOTHPUTPaHHUMH €JIeMEHTaMHU.

[IpakTika po3paxyHkiB i3 3acrocyBanHsM MKE no3Bomse matu
HACTYIHI pekoMmeHpaii (puc. 4.2): 1) miHiiHI €TeMEHTH BUMAaraloTh OLIbIT
4acTol CITKU, HIXK KBaJpaTW4HI €JIeMEHTH (3 OJHUM MPOMIKHHUM BY3JIOM)
abo KyOiuHMiA (3 ABOMA MPOMIKHUMH By3JlaMH); 2) yHopsiIkoBaHa ciTka (0)
€ OLIIBIII KPaIIoro, HiXK JOBiNIbHA CiTKa (a); 3 MPsAMOKYTHA CiTKa 3 4 By31aMu
(B) OlmbIn Kpamia, HiK CiTKa 3 TPUKYTHHUMH enemeHTamu (0); 4) ciTka
TPUKYTHUX €JEMEHTIB 3 MPOMIKHUMH By3J1aMu (T) Ma€, MPUHAWMHI, Ty X
caMy TOYHICTB, IO 1 CiTKa MPAMOKYTHHUX €JEeMEHTIB 3 4 By3namu (B); 5)
MPSIMOKYTHA CiTKa 3 8 By3JlaMu (1) € OiJbIII Kpamioko, HiXK CiTKa TPUKYTHAX
€JIEMEHTIB 3 MPOMDKXHUMH By3Namu (T), HE3BOKAIOUM Ha OUTBIIUI po3Mip
MIPSIMOKYTHHX €JIEMEHTIB; 6) alpOKCUMAIIiS 3CYBiB KyOIUHUM MOJIHOMOM (€)
He BUMarae OuTbI aApiOHOI CiTKH. [1]

) Tt
) 7T
S]\ O

a) 6) 8 2 0) e)

Pucynoxk 4.2 — Buay By37iB TipH pi3HUX BUAAX CITKH CKIHUEHUX
€JIEMEHTIB.
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4.3 KOoHTpPOJIbHI 3aINTAHHA AJd caMonepeBipky i
KOHTPOJIO MiATOTOBJEHOCTi CTYAeHTIB 10 po0oTH

1 HasBiTh, sIKi THIHM CKIHYEHHX €JEMEHTIB JIOCTYIIHI B Hporpami
ANSYS.

2 OnuuIiTh MpU3HAYCHHS IJIOCKUX (IBOMIPHHX) CKIHUCHHUX €JIEMEHTIB.

3 OnumiTh MpU3HAYCHHS TPUBUMIPHUX CKIHUCHHX CIICMCHTIB.

4 TlepepaxyiiTe OCHOBHI IUIIXH HAKOTIMYCHHS MOXUOOK PE3yJIbTATIB
[PY KOMIT FOTEPHOMY MOJICITIOBaHH1 3BApPHUX KOHCTPYKIIiH.

5 BkaxiTh OCHOBHI KpuTepii BHOOpPY MOIUIBHICTE BHKOPUCTAHHS
CITKM 3 MEHIIMM pPO3MIipOM CKIHUEHHUX €JIEMEHTIB MHPH PO3PaXyHKY
MaTeMaTHYHOI MOJIENI.

6 Ha3BiTh OCHOBHI TepeBard Ta HEIONIKH CITKH 3 eIeMEeHTaMu
BEJIMKOTO PO3MIPY JUIS PO3PaXyHKY MOJEINI.

4.4 Bka3iBKH 3 TexXHikHu 0e3meKu

1 Jlo mpakTHYHHUX POOIT MOMYCKAIOTHCSA CTYACHTH IICIS 1HCTPYKTAXKY
3 OXOPOHM Ipalli i MOKeKHOT OC3TEeKH.

2 3a00poHSEThCS BKIOYATH CICKTPUYHI Tpuiaad 0e3 J03BOJY
3aBigyBayva 1a00paTOpi€ro UM BUKIAAava.

3 ¥V Bumaaky NoKeXi Y MOpasKd eNeKTPHIHUM CTPYMOM CTYACHTU
NOBMHHI JMiTH Yy BiJNOBIOHOCTI 13 3aTBEPIKCHHMH IHCTPYKILISIMH 3
OXOPOHH TIPalli 1 TOKEKHOT OC3MEKH.

4.5 Mopaaok NpoBeleHHs Po0OTH

1 Binkpuru ¢aiin B maynuep Mechanical APDL Product Launcher,
CTBOPEHUI Ha TMOIMEpeIHiid MpakTH4HiIH pPoOoTi (BCi Ha3BM BKa3yBaTH
JTATUHCHKUMHU CUMBOJIAMH).

2 BigoOpasuT noOyaoBaHy Ha MONEPEIHLOMY MPAKTUYHOMY 3aHSTTI
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reOMETPUYHY TPUMIPHY MOJIEIb.

3 3aiiTm B po3aia rojoBHOro meHto Main Menu - Preprocessor —
Element Type — Add/Edit/Delete — Add. OGpaTu THIl KiHIIEBOTO €JIEMEHTY
y BIATIOBITHOCTI 13 TUIIOM KOHCTpYKIIi (puc. 4.3).

4 3anmaty peasbHI KOHCTAaHTH BiJMIOBITHAM €leMEHTaM KOHCTPYKIIii
Ul BpaxyBaHHS ()i3MYHOT TOBIIMHU IIpH po3paxyHKy. Jns 1mporo B
KOMaHJHOMY pSIKYy BBECTH KoMaHny r1,2,8, 1ne r — KOMaHga mJid
MPU3HAYECHHS PeaIbHOI KOHCTAHTH, 2 — MOPSIAKOBUII HOMEP KOHCTAHTH, § —
(iznuHa TOBIIMHA eeMeHTa B MM (puC. 4.4).

Main Menu

E Preferences
B Preprocessor

Defined Element Types:

@ Element Type
=
Switch Elem Type
B Add DOF

& Remove DOFs
Elem Tech Control
Real Constants
Material Props
Sections
Modeling
Meshing
Checking Ctris
Numbering Ctrls
Archive Model
= Coupling / Ceqn
Multi-field Set Up
Loads
Physics
Path Operations

Solution
General Postproc Close Help

TimeHist Postoro

Add... Options... I Delete J

ROM| /\ Library of Element Types
o Radi h
nly structural element types are shown
& Sess Lby f Element Ty ” E I M D dnode 181
-~ | Library of Element Types tructural Mass ~ |
L Link 8node 281
Beam Asisym 2node 208
Pipe 3node 209
Solid Asi-harmanic 61
Solid-Shell ¥|[30 4node 181
Element type reference number
oK Apply Cancel | Help ‘

Pucynoxk 4.3 - Iatepdeiic po3aimy romosaoro merro Element Type

L el =LY R NSET, R1, R2, R3, R4, R5, R6

PECCEERIL 2

Toolbar

Pucynox 4.4 - 3aganss peaJbHUX KOHCTAHT
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5 IlpucBoith KOXHOMY €JNEMEHTY MOJeNi BIiANOBIAHY peaJbHy
KOHCTaHTy, MOJeTIb MaTepiaqy Ta THIl CKIHYEHOTO eneMeHTy. s 1uporo
3aliTH B PO3ILI TOJOBHOTO MeHI0O Main Menu - Preprocessor - Meshing —
Mesh Attributes. OOparu BIiANOBiAHY TOBEpXHIO (JIiHIIO, 00’eM).
[Ipu3naunTty m1st 0O6paHOi HeTami HOMEp TUIYy MaTepiany, HOMep peanbHOl
KOHCTaHTU Ta HOMeEp THUIy CKiHUeHOoro enemeHTy (puc.4.5). IloBToputn
JUTSL BCIX JIETaJIeH.

n Area Attributes

[AATT] Assign Attributes to Picked Areas

MAT Material number

j

REAL Real constant set number 3 FS

4

i1

B

[

2

9

10

Tl b
TYPE Element type number I 1 SHELL1&1 _'.j
ESYS Element coordinate sys ] 0 :J
SECT Element section 1Nonedeﬁned L]

OK Apply Cancel Help

Pucynok 4.5 - TlpusnadyeHHs aTpuOyTiB
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6 Po30uTHi TpuMipHY MOJIeNb Ha eJeMeHTH. J{JIs IIboro 3aiTH B PO3ALI
rojIoBHOro MeHI0 Main Menu - Preprocessor - Meshing — MeshTool —
Mesh. ([lns Bubopy po3mipy KiHIIEBUX €IEMEHTIiB MPOKOHCYIbTYBATHUCS 3
BuknamadeMm). llo 3aBmamHiO BHKIagada 3MIiHUTH (OpMy Ta po3Miph
KiHIIEBUX elleMeHTIB (puc.4.6). 3poOUTH BUCHOBKH IO SIKOCTI CITKH TICIA
3MiH.

B Preprocessor MeshTool

Element Type

Real Constants Element Attributes:

Material Props

Sections Global he Set

Modeling

& Meshing ™ Smar Size
Mesh Attributes ] i
MeshTool Fine [} Coarse
Size Cntrls
E Mesher Opts Size Controls:

ag:zatenate Global Set Clear

Modify Mesh Areas Set Clear

Check Mesh

Clear Lines Set Clear
Checking Ctrls Copy Flip

Numbering Ctrls

Archive Model Layer Set Clear

Coupling / Cegn
Multi-field Set Up ket Sel | Clox |
Loads keypts Set ] Llear ]
Physics o
Path Operations | Areas &
Solution Shape: 7 T =
General Postproc - P I m’\
TimeHist Postpro S et azh:
ROM Tool . \(A : I Areas vj
Radiation Opt RLLR
Session Editor G i '
Finish Mesh Clear Shape' T” Duad

& Free (" Mapped
Refine at: Jm

| | 3 or 4 sided =]
Claze Help

i
Pucynok 4.6 - Iarepdeiic posminy romoBHoro meHo Meshing

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

Meta 1 MeroaWKa BHKOHAHHS TMpakTHUHOI pobotu. KopoTki
TeopeTnyHi Bimomocti. IlocmigoBHICTH milt (KpOKiB) Mg 3amaHHS
napameTpiB CiTKH KiHLIEBUX eleMeHTiB. Po3apykiBka ¢aiiny 3 oTpuMaHOIO
KiHIIEBO-EJIEMEHTHOIO MOJICILTIO (TIPH HasiBHOCTI MOXKJIMBOCTi). BucHOBKH
o PoOOTi.

PexomenagoBaHa giTeparypa

1 BacoB K.A. I'papuueckuii mnrepdeiic xomrmuiekca ANSYS: M.:
JAMK, 2006. 248 c.

2 Kamnyn A.B., Mopo3o E.M., Ondeprea M.A. ANSYS B pykax
umxenepa: M.: Enquropuan, YPCC, 2003. 272c.

3 UYwmrapes A.B., Kpauyk A.C., Cmamox A.®. ANSYS ngns
nmkeHepoB: Crpas. mocobue. M.: MammnocTtpoenue-1, 2004. 512c¢.

4 Hlamanna A.JO. Meroaudeckue yka3zaHUS K TPAKTHYECKUM
pabotaM mo aucHUIUIMHE «PacueThl KOHCTPYKIMHA METOJOM KOHEYHBIX
snemenToB B ANSYS»: MI'ABT, 2012. 77c.
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5 HNPAKTHUYHE 3AHATTSA Ne 5

Bunu rpannunaux ymMoB. BuzHaueHHS niepeMilieHb. 3a1aHHs
HaBaHTaXEHb

5.1 Mera poboTu

O3zHalloMHATHCS 3 TIOCTIIOBHICTIO MPUKIAIEHHS TPAHUIHIX YMOB
Ta HABAaHTAXXCHb. 3aCBOITH OCHOBHI PUHIIMITA BUOOPY TPAHUYHUX YMOB Ta
HAMOLIBII peaticTUYHE BiITBOPSHHS Jii HABAHTaKEHb.

5.2 3araanHi BimomocTi

[lix HaBaHTa)KEHHSMHU PO3YMIIOTh SIK 30BHIIIHI TaK 1 BHYTPIIIHI
3yCUJIIS, TPaHUYHI YMOBH Y BHTJISAI OOMEKEeHb Ha TIepeMilllCHHSI.

Y mporpami ANSYS MECHANICAL musx mo0 mOpuKIageHHS
HABaHTA)XEHb 3HAXOJUTHCS B PO3AUIL TOJIOBHOTO MeHIO (Main menu —
Preprocessor — Loads — Define Loads — Apply (puc.5.1).

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

Pucynok 5.1 — Po3ramyBanHs po3iny rojoBHoro MeHto Loads

HaBanTaxxeHHs po3/iieHi Ha HACTYITHI KaTeTopii:
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- 0OMeKeHHS CTyINeHIB CBOOOAM MO BCiM ocsiM (X, Yy, Z) - JIiHiHHI,

TaKk 1 B KOHKPETHIH IUIOIMHI - 0OepTaHHI BIAHOCHO OYIb-SIKOi 3 BiCiB
(puc.5.2).

B Structural

EfDisplacement]

#10n Lines

A 0n Areas

2 On Keypoints

#10n Nodes

#10n Node Components
Symmetry B.C.
Antisymm B.C.

Pucynok 5.2 — 3apanns ctyneniB cBo0ou
- 30CepeKEHI CHJIM 1 MOMEHTH cuJ (puc.5.3);

= Structural

Displacement

=
21 0n Keypoints
& 0On Nodes
21 0n Node Components
From Reactions
From Mag Analy

Pucynok 5.3 — [IpuknafeHHs CUJI Ta MOMEHTIB

- MOBEpXHEB1 HaBaHTaxeHHA (THCK) (puc.5.4);
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=iPressure)
Z10n Lines
2 0On Areas
Z10n Nodes
&1 On Node Components
2 On Elements
&1 On Element Components
From Fluid Analy
# On Beams

Pucynok 5.4 — IIpukiageHHs TOBEpXHEBUX CHII

- 00'emHi cunu (puc.5.5);

=} Temperature

#1 0On Lines

# On Areas

& On Volumes

# On Keypoints

# On Nodes

# On Node Components
From Therm Analy
Uniform Temp

# On Elements

# On Element Components

Pucynok 5.5 — IpuknaneHas 00’ €MHHUX CHI

- iHepUiiiHiI HaBaHTa)XEHHsI, 30KpeMa rpasitauis (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
=iGravity
Global
On Components

EE jmawkica Maliaf
Pucynoxk 5.6 — IlpuknageHss iHepLUiHHUX CUIT

Sx MokHa TOOAYUTH 3 BUILE 3a3HAYCHUX PHUCYHKIB, TPaHHYHI
YMOBH 33J1al0ThCS T10 JIiHISM, TOYKaM, By3jaM, OBEpXHsM, 00’emam. Bci
HAaBaHTAXEHHS HEOOXiTHO  TPHKIANATH B OJUHUIAX, NPUHHATHX B
MDKHApOJHIM cUCTeMi BUMipIOBaHb.

5.3 KoHTpoJabHi 3anuTaHHA AJsd camMonepeBipku i
KOHTPOJII0O MiATOTOBJEHOCTi CTYJAeHTIiB A0 podoTH

1 TlepepaxyiiTe TpaHH4YHI YMOBH B MEPEMIIIECHHSIX BiTHOCHO
KOOPJIMHATHUX BiCEH.

2 lloscHiT, YOMYy HEOOXiAHO BpaxOBYBaTH CHIIy TpaBiTallii mpH
pO3paxyHKax 3BapHUX KOHCTPYKIIIN?

3 HaBeniTh mpukian, B SKOMY BUIIKy IO CHIIM TPaBiTallii MOKHA HE
BPaxXOBYBATH ITPU PO3paxyHKax?
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4 TlosACHITSH, SIK BILTUBAE MPABUIHHICTD BU3HAUEHHS CTYIIEHIB CBOOOAM
MOJIeNTl KOHCTPYKIIiT Ha TOUHICTh PO3PAXYHKY.

5 Bxkaxirh BHIIQJOK JOIUIBHOCTI MPHKJIAJICHHS CUMETPUYHHUX
TPaHUYHHUX YMOB.

6 IlosicHiTP HEOOXiMHICTH IEPEeBIPKH Mpame3NaTHOCTI MOJeNi a0
NPUKJIaICHHS] HABaHTaKEHb.

5.4 Bxka3iBKHu 3 TexHiKku 0e3nmexKu

1 Jlo mpakTUIHUX pOOIT JOIMYCKAIOTHCS CTYACHTH MICIA 1HCTPYKTAXY 3
OXOPOHH TIpari i MOXKEKHOI OC3MEKH.

2 3a0OpOoHSETHCS BKIIOYATH CICKTPUYHI Tpuiaaad 0e3 J03BOJY
3aBigyBava 1a00paTOpi€ro UM BUKIAAava.

3 V Bumaaky MmoXexi 4M TOpasKé eIEKTPUYHHM CTPYMOM CTYICHTH
NOBMHHI JMiATH Yy BiJNOBIOHOCTI 13 3aTBEpIKCHHMH IHCTPYKIISIMH 3
OXOPOHH TIPalli 1 HOKEKHOT OC3MEKH.

5.5lopsaaoxk npoBeaeHHsI POoOOTH

1 Bigkputu ¢aiin B Mechanical APDL Product Launcher, ctBopenuii Ha
MOMEPEIHIX MPAaKTHYHUX POOOTax (BCi HA3BU BKAa3yBaTH JIATUHCHKHUMH
CHMBOJIaMH).

2 BinoOpasutu moOyJ0BaHy Ha MOMNEPESAHbOMY MPAKTHYHOMY 3aHSTTI
reOMETPUYHY TPHUMIPHY MOJIEIb.

3 3aiitu B po3ain ronoBHOro MeHI0 Main Menu - Preprocessor — Loads
— Define Loads — Apply — Structural (puc. 5.7).
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I Loads
Analysis Type
= Define Loads
Settings
= Apply
=
Displacement
Force/Moment
Pressure
Temperature

Pucynoxk 5.7 — Po3ramryBarHs po3niity roinoBHOro MeHto Loads

4 3rigHo 3 IHOUBIAyaJIbHUM 3aBJaHHSAM TPUKIACTH HaBaHTAXCHHS
(cmmy, THCK) (puc.5.8).

B Define Loads
Settings
= Apply
B Structural
Displacement
Force/Moment N

& Pressure
7 On Lines [SFA] Apply PRES on areas as a ’W]
ZplOn Areas If Constant value then:

# 0n Nodes VALUE Load PRES value 052
Z On Node Components
# On Elements LKEY Load key, usually face no.
# On Element Component;
From Fluid Analy
7 On Beams

Temperature QK Apply Cancel ‘ Help ‘

Inertia

A Pratnan Sartn T

(required only for shell elements)

Pucynoxk 5.8 - [IpukiageHHsl TUCKY HA IOBEPXHIO

5 [puknacTy rpaHUYHI YMOBH (3aKpilUTH Bij NepeMmimiens) (puc. 5.9).
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LI W

= Loads A
Analysis Type
B Define Loads
Settings
B Apply
= Structural
B Displacement

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

7
# 0n Areas
2 On Keypoints
A 0n Nodes
7 0n Node Components
iylt'ljmetry gg ool = r—
ntisymm B.C. "
Force/Moment VALUE Displacement value I:I

Pressure
Temperature
Inertia

B Pretnsn Sectn

K Apply Cancel ‘ Help ‘

Pucynok 5.9 - IlpuknageHHs rpaHUYHUX YMOB
6 3amatu nito rpasiTallii Ha KOHCTPYKIIito (puc. 5.10).

= Loads
Analysis Type
= Define Loads
Settings
= Apply
= Structural
Displacement
Force/Moment
Pressure [ACEL] Apply (Gravitational) Acceleration
Temperature ACELX Global Cartesian X-comp
= Inertia
Angular Veloc
Angular Accel ACEL7 Global Cartesian Z-comp
Coriolis Effects
2 Gravity
On Components
Inertia Relief

FA Dratnen Cantn

A Apply (Gravitational) Acceleration

]

ACELY Global Cartesian Y-comp 9.81

Cancel ‘

3

Pucynok 5.10 - [Ipuknanenns rpasitarii
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7 36epertu 3minu y ¢aiii.

5.6 3micT 3BiTY

Meta 1 MeromuKa BHKOHaHHA MpakTH4HOI poboTtu. Kopotki
TeopeTHyHi BimomocTi. IloCHimOBHICTH KpOKIB JII TNPHUKIAACHHSI
HaBaHTa)XEHb Ta IPaHUYHUX YMOB. PoznpykiBka ¢aiiny i3 BimoOpakeHHsIM
NPUKIaJCHUX HaBaHTaXEHb Ta TPAaHUYHUX YMOB (IpU HAsBHOCTI
MOJKJIMBOCTI). BUCHOBKHM 110 po6OTi.

PexomenagoBaHa giTeparypa

1 BacoB K.A. I'papuueckuii marepdeiic xomrmuiekca ANSYS: M.:
IMK, 2006. 248 c.

2 Kamnmyn A.b., Mopo3oB E.M., OndepreBa M.A. ANSYS B pykax
umkenepa: M.: Equtopuan, YPCC, 2003. 272c.

3 Yurapes A.B., KpaBuyk A.C., Cmamox A.®. ANSYS nans
umkenepos: Crpas. mocodue. M.: MammHoctpoenue-1, 2004. 512c.

4 Illamanma A.}JO. Meroaudeckne yKa3aHHS K TPAKTHUYCCKUM
pabotaM mo aucCHUIUIMHE «PacueThl KOHCTPYKIMHA METOJOM KOHEYHBIX
aneMeHToB B ANSYS»: MI'ABT, 2012. 77c.
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6 IPAKTHUYHE 3AHATTS Ne 6

Bubip tumny po3paxyHKy (BupinryBada). AHaII3 HAPYXKEHO-
ne(hOpMOBAHOTO CTaHy

6.1 Merta poboTn

OzHaiioMIeHHS 3 ICHYIOUMMH THIAMH PO3PaxyHKY (BUpIiITyBaua).
3acBOEHHS OCHOBHUX MPHHIIUIIB BHOOPY THITy BHpIlIyBada. 3aCBOEHHS
OCHOBHHUX KPOKiB aHaJli3y HamnpyXeHO-Ie(OPMOBAHOTO CTaHY.

6.2 3arajanHi BimomocTi

HactymauM KpokoM, Micisi TpEenpoIecCOPHUX OIepalliif, € omeparis
pimenns (Solve). Ls cramis Bkitoyae B cebe BUOIp THITYy BHpIlTyBada, HOTo
OTILIi}, KPOKY PIlIEHHS Ta 3aIlyCKy 3a/1adi.

[Iporpama ANSY'S npomnoHye HacTymHI TUIH aHati3y (puc. 6.1):

Static - cratuyHMiA aHaii3. BuKopHCTOBYeThCS Ui BH3HAYCHHS
NepeMIleHb, HATIPYT, AeOopMalliid i 3yCuiib, 0 BHHUKAIOTh B KOHCTPYKIIIT
abo 11 cKIaZ0BOT YaCTUHM MPH [Iii HABAHTAXKEHB, 1[0 HE CYMPOBOKYIOTHCS
MPOIlECAaMH  PO3CitOBaHHS €Heprii abo IOSBOKO ICTOTHUX iHEPUIHHUX
edexriB. IlepenbayaeTscsi CTamiCTh HAaBaHTAXKEHHS 1 BIATYKY CHCTEMH,
TOOTO MOKHA 3HEXTYBaTH JIy>K€ MOBUILHHMH 3MiHAMH IHUX TapaMmeTpiB y
yaci.

Modal - mogansHUI aHAI3 - aHaJi3 KOHCTPYKIIIi Ha BIIACHI YaCTOTH Ta
¢opmu, 3 HOro [OMOMOTOK BH3HAYAIOTHCS BIACHI 4YacTOTH 1 (QoOpMH
KOJIMBaHb. BUKOPUCTOBYETHCS TIIBKHU JUIA 337a4 MEXaHIKH TBEPAOTO Tila,
o peopMyeThes.

Harmonic - ]Jlunamiuauii anami3. BukopucToByeTbcs ansi 3amad
MEXaHIKM TBEPAOro Tijia, Mo AePOpPMY€EThCS, MEXaHIKH PiMHU 1 Ta3y Ta
€JIEKTPOMAarHITHOTO aHami3y, Ui BU3HAYCHHS peakiii KOHCTPYyKIii (y
BUTIIAI TepeMilieHs, AedopMarliif, HampyKeHb 1 3yCHIb) Ha i
JIOBUILHOTO HABAHTAKEHHS, MIiHJIMBOI B dYacl TaKuM YHHOM, IO
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JIOBOJUTHCS BpaxOBYBAaTH iHEpHiiHI e(eKTH 1 TpoIecH pPO3CiFOBaHHS
eHeprii.

Transient - HecTalliOHApHWI aHai3. BUKOPHCTOBYETHCS Ui aHATI3y
MIEPEXiTHUX MPOLIECIB.

Spectrum - cnexTpanbHuiA aHani3. HeoOximHe momepenHe MpoBeIeHHS
MOJAIBHOTO aHami3y. BHKOPHUCTOBYEThCS TIJIBKU IS 3aJa4 MEXaHIKH
TBEPJOTO Tijia, 0 AePOPMYETHCS.

Eigen buckling - BTpaTa cTiikocTi. BUKOpHUCTOBY€ETBCS U BU3HAYSHHS
KPUTUYHUX HABaHTaXeHb 1 (HOpM BTpaTH CTIHKOCTI B JiHIHHIN MOCTaHOBII.
[NomepenHbo Mae OyTH NMPOBEICHO CTAIIOHAPHWH aHAI3 3 O0YHCICHHIM
HONEPEIHbO-HANIPYKEHOTO CTaHy. BHUKOPHCTOBYETHCS TUTBKH IS 3a7ad
MeXaHIKH TBEPJIOTO Tifa, M0 Ae(POpPMYEThCA.

Substructuring - aHami3 i3 3aCTOCYBaHHSM METOAY ITiTKOHCTPYKIIIH.
BuxopucToByeThCs 151 BUPIIIIEHHSI BCiX THITIB 3aB/IaHb.

n Mew Analysis
[ANTYPE] Type of analysis
{* Static
Modal
Harmonic
Transient

r
l,_h
~
" Spectrum
" Eigen Buckling
~

Substructuring

oK Cancel Help

Pucynok 6.1 — Tunm ananizy 8 ANSYS MECHANICAL

Insx a1 oOpaHHS TUITY aHAJI3Y:
Main Menu — Preprocessor — Loads — Analysis Type- New Analysis
abo Main Menu — Solve — Analysis Type- New Analysis.

[Ticns  oOpanHs Ty  BUpillyBaya  HEOOXiZHO  3pOOHUTH
HaNAIITYBaHHS XOXIy pimeHHs 3amayi (puc.6.2), ge oOWparOTh MacIiTad
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IepeMilieHb, Yac 3aBepIIeHHS pilleHHS 3a4adi, KUTBKICTh KpOKIB Ta
MiIKPOKIB ITPOTPaMu, a TAKOXK YaCTOTY 3allMCYBaHHS KPOKiB PillICHHSI.

Preferences N\ Solution Controls X
Preprocessor
B Solution Basi ; i : 5
= Analysis Type asic } Transient | Sol'n Optlons] Nonlinear ]Advanced NL
E New Analysis
Restart - Analysis Options i~ Write ltems to Results File -
=1S0l'n Controls
Dem ’Large Displacement Static j & All solution items
Load Step Opts ™ Calculate prestress effects ¢ Basic quantities
SE Management (CMS ~
& Results Tracking TimelGartal : Lseiseericd
Solve ime Control
Manual Rezoning Time at end of loadstep ~ [100
Multi-field Set Up

ADAMS Connection Automatic time stepping  [Prog Chosen M|

Diagnostics & Number of substeps

Unabridged Menu
General Pogstproc  Time increment FW”TE every substep -
TimeHist Postpro Number of substeps 10 whereN= |1
ROM Tool | ’
Radiation Opt Max no. of substeps 20
|B Session Editor Min no. of substeps 5
|E Finish i

oK I Cancel ] Help ]

Pucynok 6.2 — HanamryBaHHS X0Iy pillleHHS 3a7adi

[Ticns Bcix BuIIe omucaHUX omepariid (moOymoBa MoeNi, BU3HAYCHHS
BJIACTHBOCTEH Marepialy, 3aJaHHs HaBaHTa)K€Hb, MOCTAHOBKA 3a/adi)
NOTPiOHO MPOBECTH PO3PAaXyHOK MpoekTy - Main Menu — Solution —
Solve — Current LS (puc.6.3).
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2 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 — PosramryBanHs po3Jiity roJoBHOrO MeHIo Solve

Oxpim Toro, mporpama ANSYS mae (yHKII0 KpOKYy HaBaHTaKECHH:I
(Load Step). Bona mo3Bonsie ~ BHKOHYBaTH O3HauyyBaHY KiJIbKiCTh
HaBaHTaXEHb 3 KOXXHUM KpokoM. Hampukimax nHa Opyc, mpu mepmiomy
KpOIli, Jli€ CUja TSOKIHHS, Ha APYroMy KpoIl BiH MifmaeTbes aedopmarrii
CTHCHEHHSI, Ha TpeTboMy Aedopmallii kpyueHHs (puc.6.4).

=
Qutput Ctris
Other
Stop Solution
Reset Options
Read LS File
Write LS File

Pucynok 6.4 — Po3ramyBaHHS pO3AUTy TOJIOBHOTO MEHIO JUIS
3aJlaHHsI KPOKIB HaBaHTAKEHHS
DiHaEHUM €TaroM po3paxyHKy € aHani3 aedopmosanoro Tina (General
Postproc). [l BuBoy pe3ynbTaTiB Ha eKpaH MOTpiOHO Bigkputh - General
Postproc — Plot Results — Contour plot — Nodal Solution (puc.6.5).
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@ General Postproc D, ol NURL

B Data & File Opts I\ Contour Nodal Solution Data pe
Results Summary
Read Results ltem to be contoured
Failure Criteria H =
© Plot Results i Fayortes -
Deformed Shape & Nodal Solution
8 Contour Plot gIOF Soldtion
ress
gm Total Mechanical Strain
B Elem Table & Elastic Strain
E Line Elem Res Plastic Strain
Vector Plot & Creep Strain
Plot Path ltem Thermal Strain
Concrete Plot [ Total Mechanical and Thermal Strain
ThinFilm @ Swelling strain
List Results Energy
Query Results Failure Criteria B
B Options for Outp & Body Temperatures 2|
E Results Viewer x| |

Nodal Calcs
Element Table
Path Operations
Surface Operations Undisplaced shape key 'Defurmed shape only ZJ

Load Case
Check Elem Shape Gl bacos [True Scale [

Write Results
ROM Operations Additional Options @]
Submodeling

Safety Factor oK I

Pucynok 6.5 — Po3ranryBadHs po3/iTy TOJIOBHOTO MEHIO [ aHATI3Y
Pe3ybTaTIB pO3paXyHKY

Undisplaced shape key

Apply I Cancel J Help J

B 3anexHocti Bim Toro, mo Tpeba OIIHWTH Ta TNPOAaHANII3YBaTH,
00MparOTh BIAMOBIIHUN MIAMYHKT MEHIO (puc.6.6, 6.7).

2 Data & File Opts A\ Contour Nodal Solution Data X
g Results Summary
3 Read Results ltem to be contoured
3 Failure Criteria -
3 Plot Results i Favomes
2 Nodal Solution
E Deformed Shape
& DOF Solution
R ConfoutPlot i@ X-Component of displacement
[=INodal Solul o
Bl Element Solu @ Y-Component of displacement
El Elem Table @ Z-Component of displacement
B Line Elem Res L= MDisplacement vector surr
Vector Plot & X-Component of rofation
Plot Path Item & Y-Compaonent of rotation
Concrete Plot @ Z-Component of rotation
ThinFilm @ Rotation vector sum
7 List Results [ Stress
3 Query Results Total Mechanical Strain
3 Options for Outp @@ Elastic Strain B
g Results Viewer K} |

3 Nodal Calcs

3 Element Table

3 Path Operations
3 Surface Operations Undisplaced shape key [Deformed shape only |

3 Load Case

3 Check Elem Shape oak batton ’True Scale j“
g Write Results
I ROM Operations Additional Opfions @\
3 Submodeling

3 Safetv Factor 2l ‘

Pucynok 6.6 — Po3ramryBanHs po3aiTy TOJIOBHOTO MEHIO IS aHAITI3Y
nepeMileHb

Undisplaced shape key

Apply ‘ Cancel ‘ Help
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Data & File Opts M\ Contour Nodal Solution Data X
Results Summary
Read Results ltem to be contoured
Failure Criteria : =
B Plot Results Eavomes .
odal Solution
E Deformed Shape DOF Solution
& Contour Plot peifon
glu @ X-Component of stress
Elem Table g Y-Component of stress
Line Elem Res @ Z-Component of stress
Vector Plot g XY Shear stress
Plot Path ltem @ YZ Shear stress
Concrete Plot & XZ Shear stress
ThinFilm & 1st Principal stress
List Results @ 2nd Principal stress
Query Results & 3rd Principal stress
E Options for Outp @ Stress intensity
Results Viewer el
Nodal Calcs @ Plastic equivalent stress =
Element Table 21 Bl
Path Operations
Eg::%eagzeratlons Undisplaced shape key
Check Elem Shape Undisplaced shape key |Deformed shape only -l
Write Results
ROM Operations Scale Factor True Scale 1”1
Submodeling
Safety Factor Additional Options 3|
Define/Modify
E Nonlinear Diagnostic 0K | Apply ‘ Cancel ‘ Help ‘

Pucynok 6.7 — Po3ranryBaHHs! po3/iTy TOJIOBHOTO MEHIO JIs aHATI3y
HaIpy>XEHb

6.3 KoHTpoJabHIi 3anuTaHHA AJd caMonepeBipkH i
KOHTPOJII0O MiIATOTOBJIEHOCTi CTYyAeHTIB 10 po0oTH

1 IlepepaxyiiTe OCHOBHI 3ajadi, SKi BUPIIIYIOTHCS 3a JOMOMOTOIO
ANSYS?

2 TlosicHiTh, 3 SIKOIO METOI0 MOXXHAa BHKOPHCTOBYBATH KOHTAaKTHI
3amaui?

3 HasBiTh mpu3HaueHHs MofansHOTo aHamizy B ANSYS.

4 BkaxiTbh 3arajibHe IpU3HauYeHHsI rapMoHiitHOro aHaiizy B ANSY'S.

5 TloscHITHP MOUTBHICTH 3amUCy MNPOTPaMOI0 KOXHOTO KpPOKY
pilIeHHsI.

6 HaBeniTh npuKIIag BAKOPUCTAHHS CTATHYHOTO PO3PAXYHKY.
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6.4 Bka3iBKu 3 TexHiKH 0e3nekn

1 Jlo mpakTHYHHUX POOIT MOMYCKAIOTHCSA CTYACHTH IICIS 1HCTPYKTAXKY
3 OXOPOHM Ipalli i MOKEKHOT OC3TEeKH.

2 3a00poHSEThCS BKIOYATH CICKTPUYHI Tpuiaad 0e3 J03BOJY
3aBiJyBaya JIaOOpaTopi€lo UM BUKJIAZaya.

3 ¥V Bumaaky mokeXi 9 MOpasKd €IEKTPHIHUM CTPYMOM CTYACHTU
MOBMHHI JMiTH Yy BiJNOBIOHOCTI 13 3aTBEPKCHHMH IHCTPYKILISIMH 3
OXOPOHH TIPalli 1 HOXKEKHOT OC3MEKH.

6.5Ilopsaaok npoBeJgeHHs POOOTH

1 Binkpuru daiin B Mechanical APDL Product Launcher
(po3ramryBaHHs Ta Ha3By (paiiily BKasye BHUKIAIAY).

2 3rimHO i3 3aBAaHHSAM OOpaTH THII BUPIIIyBaya.

3 [MpoBectn HaJIAIITyBaHHS nepen PO3paxyHKOM
(IPOKOHCYNIBTYBABIINCEH 13 BUKJIAa4eM).

4 3anyctuTH (haiin Ha po3paxyHOK.

5 [IpoananizyBaT OTpUMaHi pe3yJIbTaTH.

6 Ilo 3aBmaHHIO BHKIAAa4a MiAroTyBaT (aiin mist 3BiTy Ta 30epertu
(haiin i3 po3paxyHKOM.

6.6 3micT 3BiTY
MeTta 1 MeToAMKa BUKOHAHHS NpakTU4HOi pobotu. Kopotki

TeopeTudHi BimoMocTi. [locmigOBHICTh KpOKIB Ui MpPU3HAYEHHS THUILY
BUpillIlyBayda Ta HAJAMITYBaHb Yacy po3paxyHKiB. BUCHOBKHM 1O poOOTi.

PexomenagoBaHa diTepatypa

1 BacoB K.A. I'papuueckuii mnrepdeiic xomrmuiekca ANSYS: M.:
JAMK, 2006. 248 c.
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2 Kamiyr A.b., Mopo3oB E.M., OndeppeBa M.A. ANSYS B pykax
umxenepa: M.: Enquropuan, YPCC, 2003. 272c.

3 Ywurapes A.B., KpaBuyk A.C., Cmamox A.®. ANSYS nans
nmkenepos: Crpas. mocodue. M.: MammHoctpoenue-1, 2004. 512c.

4 Mopo3zoB E.M., Myiizemuek A.1O., lllanckuit A.C. ANSYS B pykax
uHxeHepa: Mexanuka paspymenus: M.: JEHAH/I, 2008. 456c¢.
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7 HNPAKTHYHE 3AHATTSA Ne 7

OmiHka a1eKBaTHOCTI MaTeMaTHYHOI MOZEIi 3BapHOi KOHCTpyKii. OuiHka
SIKOCTI CITKH

7.1 Mera po6oTu

3acBOiTH OCHOBHI NPUHLMIIM OLIHKH aJeKBAaTHOCTI OTPUMAaHUX
pesynbratiB. HaBumThcs OLIHIOBAaTH BIUIMB SKOCTI CITKH KIiHIIEBHX
€JIEMEHTIB Ha TOYHICTh OTPUMAHUX PE3yJIbTATiB.

7.2 3araabHi BinomocTi

[Micns 3aBepIiieHHS pO3paxyHKy HA €KpaH BHBOJATH pe3ylbTaT y
BHTJISIIII KOJIBOPOBOT 130IIIKAIH, 1€ JTIHISIMA OJHOTO KOJBOPY TO3HAYAIOTHCS
OUIBHUI, Ha SKUX JiI0Th OJHAaKOBI HampyxeHHs (puc.7.1) um
CIIOCTEPIraroTHCS OJHAKOBI IepemMimieHHs (puc.7.2).

SHX =257.3685

= e L7L.576 228.76¢8
2B.5961 B5.7BB2 142 .98 200.172 257 .365

o S57.1821 114.384°

Pucynok 7.1 — EKBiBaJICHTHI Halpy>KEHHS TIPU PO3PaxXyHKY Ha
MinHicTh, MIla
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SHX =9.06060

[ 2.18304 4.37808 €. 56712 B.THELE
1. 03a52 3.20B356 5.4726 T.EELED S, 85060

Pucynok 7.2 — CymapHi nmepeMillieHHs IPH PO3paxyHKy Ha MIIHICTB,
MlIla
IaKOnMM A71s BceO1uHOT OLIHKYM MOBEIHKM KOHCTPYKLIi Ta MaTepiany

HEOOX1THO PO3IJISIHYTH Pe3yJIbTaTH MOIIAPOBO, BCTAHOBHBIIHN BiIOBITHI

OMIIii.
8 Plot Results
E Deformed Shape
8 Contour Plot
Nodal Solu
B Element Solu
E Elem Table
B Line Elem Res
Vector Plot
Plot Path Item
Concrete Plot
ThinFilm
st Results

=}

E Results Viewer
Nodal Calcs
Element Table
Path Operations
urface Operations
oad Case

Check Elem Shape
E Write Results

ROM Operations
Submodeling
Safety Factor
Define/Modify

I\ Options for Output

Options for Output
[RSYS] Results caord system

Local system reference no.

Global Cartesian -

l

[AVPRIN] Principal stress calcs
[AVRES] Avg rslts (pur grph) for
Use interior data

[/EFACET] Facets/element edge

From components -
[All but Mat Prop ~

™ NO

1 facet/edge -

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

Specified layer number

[FORCE] Force results are

Cancel |

Middle layer ~

Middle layer

@ Specified layer

]

Total force -

Hep |

Pucynok 7.3 — Po3ramyBanHs po3aiay AJis HAJIAIITYBaHHS OMIIiH
BHBOJIy PE3YJIbTATIB Ha €KpaH

Jns  omiHKH

TOYHOCTI

pe3yibTaTiB

PO3paxyHKy HEOOXiZHO

BpPaxoBYBaTH SKICTh CITKH KiHIIEBHUX eJeMEHTiB. EjgeMeHTH HenpaBHIIBHOI
(dhopMu abo po3Mipy MOXKYTh HAKONMYYBAaTH MOMIJIKHU, SKi CIIOTBOPIOIOTH
KapTHHY pe3yJsbTatiB (puc.7.4).
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Pucynok 7.4 — Ilpuknag eneMeHTa HENpaBHIbHOT (GOpPMH, SKUH MOXKe
MIPUBECTH A0 MOXUOKH PO3PAXYHKY

BMminHHs po3mi3HaBaTH MOMMJIKH, 1110 BUHUKIM BHACIHIJIOK HESKICHOL
CITKH, IPUXOASTH 3 JOCBiIoM. Lle 1o3BoIIsie HEe epepoOIsTH MOJIENb, SAKIIO
BHUHUKIJIA CYMHIBH 1, THM CaMUM, 3¢KOHOMHTH 4ac PO3PaxyHKY.

7.3 KoHTpoOaBbHi 3anUTaAaHHA AJIs caMonepeBipku i
KOHTPOJIIO MiATOTOBJIEHOCTI CTYIeHTiB 10 podoTHu

1 Bxaxith po3mupenHs ¢aitna 6a3u JaHuX, 0 CTBOPIOETHCS
nporpamoro ANSYS.

2 HaBenits npuknaja 3MicTy ¢aiiny 3 po3mupeHasm .dbb?

3 Sxum yuHOM (hopMyeThes Gaiin 3 posmpeHHsM .dbb?

4 TlosicHUTD, B SIKOMY 3 TIEpEPi3iB MIapy METaITy OJEPKYIOThCS
HAOLIBII JOCTOBIPHI pe3ybTaTH PO3PAXYHKY: BEPXHBOMY, CEPEAHBOMY,
HUXHBOMY?

5 BkaxiTh OCTiTOBHICTH KPOKIB JUII BHECEHHS 3MiH B TEOMETPHYHY
MoJieNb a00 (hi3MKO-MeXaHiYHI BJIACTHBOCTI MaTepiaiy.

6 BkaxxiTh OCTIIOBHICTh HACTYITHUX JTiH JJIs1 3MIHU TUITY KIHIICBUX
€JIEMEHTIB 3 METOIO TiABUIIEHHS TOYHOCTI ITOAAJBIINX PO3PAXYHKIB ITiCIs
OTPUMAaHHS PE3yJIbTATIB.
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7.4 Bka3iBKHu 3 TexHiKH 0e3nekn

1 Jlo mpakTHYHHUX POOIT MOMYCKAIOTHCSA CTYACHTH IICIS 1HCTPYKTAXKY
3 OXOPOHM Ipalli i MOKEKHOT OC3TEeKH.

2 3a00poHSEThCS BKIOYATH CICKTPUYHI Tpuiaad 0e3 J03BOJY
3aBiJyBaya JIaOOpaTopi€lo UM BUKJIAZaya.

2V BUNAAKY MOXKEXKI UM TOpPa3KH ENEKTPUYHHM CTPYMOM CTYICHTH
MOBMHHI JMiTH Yy BiJNOBIOHOCTI 13 3aTBEPKCHHMH IHCTPYKILISIMH 3
OXOPOHH TIPalli 1 HOXKEKHOT OC3MEKH.

7.5 Ilopsinok npoBeaeHHsI podoOTH

1 Bigkputu ¢aiin B Mechanical APDL Product Launcher (i3
3aBJJaHHSIM, BUKOHAHUM Ha MOMEPeIHIX 3aHITTAX).

2 3a BKa3iBKaMu BUKJIA/Ia4a MPEICTAaBUTH PE3yIbTaTH PO3PAXYHKY Y
TOMY YH iHIIOMY BUTIISIII.

3 Bkazatu Miclisl, ie HesIKICHI €JIEMEHTH MOTJIM CIIPUYUHUTH TOXHUOKY
PO3paxyHKy. 3anpoNOHyBaTH NIISXH YCYHEHHS 11i€1 TOXHOKH.

4 3pobutn HeoOXimHI 3MiHM y Momem. [IpogemoHCcTpyBaTH HOBWHIA
pe3yJbTar.

7.6 3micT 3BiTY

Meta 1 MeromuKa BHKOHaHHA NpakTH4HOI poboTtu. Kopotki
TeopeTHuHi BimoMocTi. [locaimoBHICTh KPOKIB AJIS MIEPETIIsily OTPHUMAaHUX
pesynbrariB Ha [IK Ta BigmoOpaskeHHs iX y 3BiTax. Po3apykiBka daitry 3
rpagiuHUM BiJOOpaKEHHSIM pe3yJbTaTiB (32 HASBHICTIO MOYIIMBOCTI).
BucHoBKH 110 POOOTI.

PexoMeH0BaHa JiTepaTtypa
1 baco K.A. I'papuueckuii maTepdeiic xomrmiekca ANSYS: M.:

IMK, 2006. 248 c.
2 Kamnmyn A.b., Mopo3zoB E.M., OndepreBa M.A. ANSYS B pykax
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umkenepa: M.: Equtopuan, YPCC, 2003. 272c.

3 Yurapes A.B., KpaBuyk A.C., Cmamox A.®. ANSYS nans
umkeHepos: Crnpas. mocodue. M.: Mamunoctpoenue-1, 2004. 512c.

4 Mopo3zoB E.M., Myiizemuek A.1O., lllanckuit A.C. ANSYS B pykax
uHxeHepa: Mexanuka paszpywenus: M.: JIEHAH]L, 2008. 456¢.

5 TlomoB C.H. Awntonook [[.A. IlepcrekTuBbl HCIIONB30BaHUSA
COBpPEMEHHBIX KOMIBIOTEPHBIX CHCTEM MTPOSKTHPOBAHUS U MOJICIIMPOBAHHUS
CBapHBIX KOHCTPYKLHMHA M MPOMU3BOACTBA MOKPHITHH. CBapka M KOHTPOJIb.
T.3. /C.H. Ilonos, JI.A. AutoHtok. Ceapounvie mamepuanvl. Texnonoaus.
Csapounoe obopyoosanue. Ilepmn, 2004, C.180-185.

6 llomoB C.H., Antomiok J[.A., MapkoB A.U., JlucynoB lO.U.,
ITonosa T.H. HccnenoBanve HanpshKeHHO-I1e(HOPMHUPOBAHHOTO COCTOSHIUS
CTaJIbHBIX KOHCTPYKLUI Ha OCHOBE NporpaMMHOro komiuiekca ANSYS.
Hosi mamepianu i mexnonozii 6 memanypeii ma mawuro0yOy8aHHi.
Sanopixoks, 2004. Bun.2. C.107-112.
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JlopaTok A

Ne Ecki3 xoHCTpYyKIIil
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Ecki3 koHCTpyKIIii
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Honaroxk b
Posmipn, MM
1 11 b bl h hl d S | F, P,
H | Mlla
1 | 1000 | 500 | 200 | 100 | 200 | 400 | 25 3 175 0,5
2 | 1200 | 600 | 100 | 50 | 200 | 400 | 50 | 2 | 50 | 0,25
3 | 1300 | 650 | 200 | 100 | 100 | 200 | 35 3 175 0,5
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 | 1,1
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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