OraBjenue

IIpakTHYecKast PA0OTA N2L ..o s 2
ITpaKkTHYECKAT PADOTA N22 ... ...t 31
TIPAKTHYECKAT PAGOTA NNO3 .. ..ottt e et e et b e e s bb e abe e e s beeeanes 68
IIpakTHYECKAT PADOTA NBA ..o s 103
IIpakTHYECKAT PADOTA NS ...t e 123
TIPAKTHYECKAS PAGOTA NCO..........oiiiiiiiiiiiiiiiiie ettt e et b e et e e sbeeesbee e 152

ITPaKTHYECKAT PADOTA N7 ......ooiiiiiiiiiici e s 180



IIpakTuyeckas padora Nel

Yupyro-miactudeckuid u3arud 0ajaxku

MeToauveckue yKa3aHus K BbINOJHEHUIO PAKTH4YeCKoi padoThI 1

Jns co3manust pacu€THOM Mojenu OyJeM HMCIOJIb30BaTh IPEMPOIIECCOp
Ansys Mechanical APDL.

[Tocne 3amycka APDL nosiBUTCSI OKHO:

File Profiles Options Tools Links Help

Simulation Environment:
ANSYS v |
License:

Ansys Mechanical Enterprise

) Show Legacy Licenses

Customization/ High Performance
Preferences Computing Setup

Working Directory: '

Job Name:

Puc. 1. Oxno 3anycka npoepammnozo xomniexca ANSYS Mechanical



Psmom ¢ oxnom Working Directory naxkats kHONKYy «Browse...» u
BBIOpaTh CBOIO pabouyro aupekroputo. B sroit nupexkropuum ANSYS Oyner
coxpaHsaTh Bce (aitnbl. Jlupextopusi mopkHA OBITH co3daHa 3apaHee. B mMenax

AUPCKTOPUU U IIYTHU K JTUPCKTOPHUH JOITYCKAIOTCA TOJIBKO JIATUHCKHUC 6YKBI>I. PHIIOM

¢ okHoM Job Name 3amaem ums (aiiia.

Ansys Mechanical Enterprise Utility Menu (dkkdv)
File Select List Plot PlotCtrls WorkPlane Parameters Macro MenuCtrls Help

RIEICTEIETRN | EIEE

Toolbar

SAVE_DB | RESUM_DB| QUIT| POWRGRPH

Main Menu ®| A

& Preferences NoDES nSYS
& Preprocessor 2023R1
@ Solution JUN 22 2023

@ General Postproc 22:16:25
@ TimeHist Postpro
@ Radiation Opt

B Session Editor

& Finish

Puc.2. Pabouee oxno npoepammnozo komniekca ANSYS Mechanical



BreimonauM  pacy€T OJHOMNPOJIETHOM MIAPHUPHO OMNEPTON Oasiku
NPSIMOYTOJIBHOTO ~ CEYCHHS  JUIMHOW |, Ha BEpXHIOK TOBEPXHOCTH KOTOPOU
JIEWCTBYET PABHOMEPHO paclpeiesiEHHas Harpy3ka HHTEHCUBHOCTBIO (. PacuérHas

cxema OaJKd UMEET CJICTYIOIINMI BU/I;

X 0
JAHHHHHHlHllllllllllllllllllllHHHHHH
Y b

2m

0,05m

0,1m

Puc.3. Cxema 6anku

Hcxoonvie oannvie:
— nuHa 6anku | =2 m;
— TONIEPEYHOE CeUeHUe — MpsiMoyrojbHoe (Beicota h = 0.1M, mmpuHa
b =0.05m);
—  XapaKTEPUCTHKH MaTepuaj Oanku: Moxynb yrpyroctu £ = 2-10% Ila,
xo3dpuuent Iyaccona v = 0.3, npeaen miactuunoctu op = 300 - 10° Ila;

— MOTOHHASI PABHOMEPHO pacmpezenéHHas Harpyska Q.
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OtHomieHue ff = ;— XapakTepu3yeT 3amac MPOYHOCTU OaJloK IO
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Pemenne ¢ momombio Ansys Mechanical APDL

Co3panue Ta0JUIbI HATPY30K.

Harpysky Oyzaem 3a1aBath Ha OCHOBE AuarpaMmsl [Ipanaris:

Utility menu > Parameters > Array parameters > Define/Edit.

n Ansys Mechanical Enterprise Utility Menu (plastsquare)

File Select List Plot PlotCirls WorkPlane Parameters Macro MenuCtrls Help

E]?JE@J@]@EH‘ g| | Scalar Parameters ... E ng‘\‘ﬁﬂ
= s —— | Get Scalar Data .. = =
Toolbar | | [ — _
’ ’ [ Aray Parameters ] _Define/Eit ., ||

SAVE_DB] RESUM_DBI QUIT| POWRGRPH Get Ay Daln .. = LS

Main Menu « Array Operations *  ReadFromFile ..

|E Preferences | Functions ,| WiitetoFile ..

Preprocessor

& Solution Angular Units .

General Postproc

TimeHist Postpro Save Parameters ..

Radiation Opt Restore Parameters ...
|E Session Editor
|E Finish

Z X

Puc.4. Cozoanue mabauyvt Hacpy3ox

B otkpeiBiemcs okue Array Parameters Haxxumaem kaonky Add.

Select List Plot PlotCiris WorkPlane Parameters Macro MenuCtris Help

EFEEER) Bl |

“ Array Parameters
Currently Defined Array Parameters: (Arrays larger than 3D not shown)

Parameter Type Dimensions Var1 Var2 Var3
INONE DEFINED

Add... Edit
Close Help

[

Puc.5. Oxkno Array Parameters



B OoTKpBIBIIIEMCS OKHE YKa3bIBAEM:
— HasBanwue tabauis (Parameter Name) — Load Q
— Tun Tabauner (Parameter Type) — Table
— KomaunuectBo cTpok, cronbdmos, psagos (No. of rows, cols, planes) —3,1,1

— Crpokosas nepemennas (Varl Row variable) — Time

o
Currently Defined Array Parameters: (Arrays larger than 3D not shown)

Parameter Type Dimensions Var1 Var2 Var3
INONE DEFINED

| I Add New Array Parameter

["DIM]
Par  Parameter name Load Q

Type Parameter type
C Amy
@ Table

€ Character Array

Add... 1K No. of rows,cols,planes 3 1 H‘ ]
For Type="TABLE" only:
Varl Row Variable N Time
Close < p
Var2 Column Variable
Var3 Plane Variable
oK Apply Cancel Help

Puc.6. Oxkno Add New Array Parameter
Bo Bxianke Array Parameters naxumaem kHonky Edit. B oTkpeiBiemcs

OKHE 3aIl0JTHSEeM JIaHHBIC TaOIUIIbI (M3MEHEHHE Harpy3KH CO BpEeMEHEM):

ool B
A\ Currently Defined Array Parameters: (Arrays larger than 3D not shown)
:_ Parameter Type Dimensions Var1
I OAD_Q table 3x1 TIMY
Pr
Pr
sc Table Array: LOAD_Q = f(TIME)
G‘ File Help
1R-i; Page Increment m A‘
Se
S < !M
7.889¢-31
0 1000000
TIME 1 1000000
16 1600000 -
Edit...

- |

Puc.7. Okno Table Array

3arem Haxkumaem File > Apply/Quit u 3akpsiBaem okHo Array Parameters.



3ajgaHue 3JIeMEHTOB U HX IapaMeTPoOB

B Main Menu niepexoaum B Preprocessor > Element Type > Add/Edit/Delete

B oTkpbIBIIeMcst okHe (Element type) naxkxumaem kaonky Add:

SAVEiDB| RESUIvLDB| QUIT F’OWRGRPH|

Main Menu

all

E Preferences
& Preprocessor
& Element Type
=
Switch Elem Type
B Add DOF
Remove DOFs
E Elem Tech Control
Real Constants
Material Props
Sections
Modeling
Meshing
Checking Ctris
Numbering Ctris
Archive Model
Coupling / Cegn
Loads
Path Operations
Solution
General Postproc
TimeHist Postpro
Radiation Opt
Session Editor
& Finish

BN Element Types

Defined Element Types:

INONE DEFINED

Delete l

Help

Add... | Options |

Close

Puc.8. Oxno Element type

B otkpsiBmiemMcst okHe B OuOaroTeke 3iementoB (Library of element types)

BeIOupaem Solid — 20 node 186.

Main Menu
E Preferences
& Preprocessor
B Element Type
=
B Switch Elem Type
E Add DOF
B Remove DOFs
& Elem Tech Control
@ Real Constants
@ Material Props
@ Sections
@ Modeling
@ Meshing
@ Checking Ctris
@ Numbering Ctrls
@ Archive Model
@ Coupling / Cegn
& Loads
@ Path Operations
@ Solution
@ General Postproc
@ TimeHist Postpro
Radiation Opt
& Session Editor
E Finish

all

Defined Element Types:

INONE DEFINED

I

I Library of Element Types

Library of Element Types

Add... Od

Close

Element type reference number

Shell

¥ [ 20node 186

Help

Puc.9. Oxno Library of Element type

Howmep tuna snemenra (element type reference number) — 1, naxxumaem OK.

3akpeiBacM okHO Element type.



B mpenpoueccope mepexomum B Material Props > Material models. B
OTKpeIBIIEMCSI OKHe BbIOuMpaem: Structural > Nonlinear > Inelastic > Rate

independent > Isotropic Hardening Plasticity > Mises Plasticity > Bilinear.

SAVE DDI RESUM I')ﬂ] QUIT PV}\AIR-]RF‘I'II

Main Menu

3|

& Preferences
B Preprocessor
@ Element Type
Real Constants
& Material Props
@ Material Library
B Temperature Units
B Electromag Units
=
E Convert ALPx
B Change Mat Num
& Failure Criteria
E Write to File
B Read from File
& Sections
Modeling
& Meshing
@ Checking Ctrls
& Numbering Ctris
& Archive Model
@ Coupling / Ceqn
& Loads
@ Path Operations
@ Solution
@ General Postproc
TimeHist Postpro
@ Radiation Opt
2 Session Editor
& Finish

L

I Define Material Model Behavior - o X

Material Edit Favorite Help

Material Models Defined

[qMaterial Model Number 1J

Material Models Available

@ Favorites =
8 Structural
(@ Linear
@8 Nonlinear
& Elastic
@ Inelastic
@ Plasticity Curve Fitting
8 Rate Independent
@ Isotropic Hardening Plastic
o8 Mises Plasticity

- SEmEy
o 3 | [ o

Puc.10. 3a0anue mamepuana. llae 1

Ju

B otkpeiBmieMcs npenynpexaeHnnn Haxumaem OK, nanee B OTKpbIBIIEMCS
okHe 3amaemM wmoayib ynpyroctu (EX=2ell) u xosddumment Ilyaccona

(PRXY=0.3). Haxxumaem OK.

Main Menu

B Preferences

‘ NODES

a|
|

& Preprocessor
@ Element Type n
@ Real Constants Material Edit Favorite Help

& Material Props
@ Material Library

Material Models Defined

Material Models Available

B Temperature Units (- WMaterial Model Number 1 5| 8 Nonlinear
B Electromag Units @& Elastic
[=IMaterial Model: @ Inelastic

E Convert ALPx

E Change Mat Num

@ Failure Criteria

@ Plasticity Curve Fitting
o8 Rate Independent

< - @8 Isotropic Hardening Plastici
g ‘ge":’ ?:o;"eFile I Linear sotropic Properties for Material Number 1 " X 8 Nfiese last:cngy L
@ Sections Bilinear
& Modeling Linear Isotropic Material Properties for Material Number 1 g :\\‘/Iun:hnear
@ Meshing onlinear
@ Checking Ctris & Hill Plasticity
@ Numbering Ctrls T @ Rannral izad Anicatranic Hill Datantial
® Archive Model Temperatures -
& Coupling / Ceqn EX 2e11
& Loads PRXY 03 r
@ Path Operations
& Solution
& General Postproc
@ TimeHist Postpro
@ Radiation Opt Add Temp! Delete Ti Graph I
B Session Editor R | o i ‘
& Finish La

Puc.11. 3a0anue mamepuana. lllac 2



Jlanee B OTKPBIBIIIEMCS OKHE 3a1aeM Ipeen miacTuaHocTy 1o Musecy (Yield

Stss=300e6) u TanrenmmanbHbi Moyib (Tang Mode=0). Haxxumaem OK.

[

Main Menu

Preferences
| & Preprocessor
Element Type
Real Constants
B Material Props
Material Library
Temperature Units
Electromag Units
Convert ALPx
B Change Mat Num
Failure Criteria
E Write to File
E Read from File
Sections
Modeling
Meshing
Checking Ctrls
Numbering Ctris
Archive Model
Coupling/ Cegn
Loads
Path Operations
| @ Solution
| @ General Postproc
| @ TimeHist Postpro
| @ Radiation Opt
B Session Editor
|E Finish

Material Edit Favorite Help

[~ Material Models Defined

(A \Material Model Number 1

I‘
‘L I NODES

Material Models Available
28 Nonlinear

N Bilinear Isotropic Hardening for Material Number 1

Bilinear Isotropic Hardening for Material Number 1

N

| Temperature
Yield Stss
| - | |Tang Mod

300e6]

T

Add Temperature | Delete Temperature

Add Rowl Delete Row|

Graph |

0K

Help I

Puc.12. 3a0anue mamepuana. Illae 3

v

[m]

Plasticity

ranic Hill Datantinl



3aganue reomeTpumn

Cozpnaem npsiMOYTOIbHBIN napauienenumnen. s 3Toro nepexoaum B

Preprocessor > Modeling > Create > Volumes > Block > By dimensions. B

OTKPBIBIICMC OKHC IIPOITNCBIBACM I1aAPAMCTPHI:

- X1-0
- X2-2
- Y1-0
- Y2-0.1
- Z1-0
— Z2-0.05
Main Menu ®|
& Preferences <|| | wooes An
@ Preprocessor i
@ Element Type STUI
Real Constants JUN 2

Material Props
Sections
@ Modeling
2 Create
Keypoints
Lines
Areas
& Volumes
Arbitrary
= Block

2By 2 Corners & Z
2 By Centr,Cornr,Z
o
Cylinder
Prism
Sphere
Cone
B Torus &

Puc.13. Cozdanue npsamoyeonvrHoz2o napaiieienuneoa no napamempam

Create Block by Dimensions

[BLOCK] Create Block by Dimensions
X1,X2 X-coordinates

¥Y1,Y2 Y-coordinates

Z1,Z2 Z-coordinates

oK Apply

|E

|[o1

| [005

Cancel |

Help |

13




Pa30ouBKa ceTKH

Ha mepBoMm miare pa3OuBaeM ceTKy OOBEMHBIMHU 3JIEMEHTAMH, AJIS
sTOro mepexoaumM B Preprocessor > Meshing > Mesh Attributes > Default Attribs.

Jlaniee, B OTKpBIBIIEMCSI OKHE, B CTpoKe Type, Beioupaem 1 Tum snmementa (Solid

186). Haxxumaem OK.

B Preferences |
B Preprocessor VOLUMES
Element Type TYPE NUM

Real Constants
Material Props
Sections

Modeling
& Meshing . .
& Mesh Attributes I Meshing Attributes
Default Attrib Default Attributes for Meshing
All Keypoints
A Picked KPs [TYPE] Element type number 1 SOLID186 M
B All Lines =
" % [MAT] Material b - =
A Picked Lines SRR 1
All Areas [REAL] Real constant set number IW]
A Picked Areas
B All Volumes [ESYS] Element coordinate sys Iﬁo =
A Picked Volumes =
Volume Brick Orient [SECNUM] Section number None defined -
MeshTool

Size Cntrls
Mesher Opts
Concatenate
Mesh
Modify Mesh
Check Mesh
Clear
Checking Ctris
Numbering Ctris
Archive Model
Coupling / Ceqn
Loads
Path Operations
Solution
General Postproc
TimeHist Postpro
Radiation Opt
Session Editor

OK

Cancel

Help

Puc.14. Ilpuceoenue ampubymos




Ha cnenyromem mare 3agaem pasmep 3iemMeHTOB. Ji1g 3TOro
nepexoauM B Preprocessor > Meshing > Size Cntrls > Manualsize > Areas > All

Areas, B oTKphIBIIEMCsI OKHE B cTpoke Size mumiem 0.0125. Haxumaem OK.

Main Menu ®|
- VOLUMES An
2

B Preferences =
@ Preprocessor
Element Type STUL
= Real Constants JUN 2
Material Props =
Sections
Modeling
@ Meshing
Mesh Attributes Element Sizes on All Saected Areas
& MeShTOOI [AESIZE] Element sizes on all selected areas
B szser:anr:g?ze SIZE Element edge length
8 ManualSize
Global
= Areas
EJAll Areas
2 Picked Areas
A Clr Size
Lines
Keypoints
Layers
Concentrat KPs

P 7 B SEee R

TYPE NUM

oK Apply Cancel l Help |

Puc.15. 3a0anue pazmepa snemenmos

PazbmBaem 00beM 3agaHHBIMHU dJIEMEHTaMH. J[J1g 3TOrO epexoauM B
Preprocessor > Meshing > Mesh > Volumes > Mapped > 4 to 6 sided, B

OTKpHIBIIIEMCsI OKHe HakumaeM Pick all.



Main Menu @|

B Preferences =]
e Preprocessor
Element Type
Real Constants
Material Props
= Sections
@ Modeling
& Meshing
Mesh Attributes
B MeshTool
Size Cntrls
B Mesher Opts
Concatenate
8 Mesh
» Keypoints
AlLines
Areas
8 Volumes
& Mapped
P4 to 6 sided
Concatenate
Del Concats

VOLUMES
TYPE NUM

& pick (" Unpick

(¢ single ( Box
C Polygon (" circle
€ Lo

Count = 0
Maximum = 1
Minimum = 1
Volu No. =

(¥ List of Items

(" Min, Max, Inc

|

Reset Cancel
Pick All Help

Puc.16. Pasbuenue ceomempuu Ha KoHeuHbvie d1eMeHMbl

ELEMENTS

STUDENT

Ansys

2023R1

JUN 28 2023
13:16:22

Puc.17. KD-mooenv b6anku

An:
2(

STUD

JUN 28
13:




Co3nanue 3aKpenJieHui

I[JBI CO31aHuA SaerHJIeHI/Iﬁ BLI6I/IpaeM H€O6XOI[I/IMBIC IMOBCPXHOCTHU, IJIA
3TOI'0 6BICTpCe BCCI'O HAIMMCATh CIICAYIOIINC KOMAaH/bl B KOMaHHHOﬁ CTPOKC:
ASEL,S,LOC,X,0
ASEL,A,LOC,X,L
Jlanee 3agaeM 3aKpEIUICHUS 3TUM IOBEPXHOCTAM. /(s 3TOrO mepexonum B
Preprocessor > Loads > Define loads > Apply > Structural > Displacement > On

Areas, B OTKphIBIIIeMCst OKHe HakuMaeM Pick All.

Puc.18. Bvibop 3axpennsemuvlx nosepxnocmeltl

Main Menu ®|
5 Preferences ] | ARERS An:
= Preprocessor TR A
Element Type STUDI
Real Constants Apply UROT on Areas JUN 28
Material Props G e -
seCtions (¢ Single " Box
Modeling c Pol:qon C circle
Meshing € Loop
Checking Ctrls _
Numbering Ctrls \ f S
Archive Model M B x Rintmm =
Coupling / Cegn Area No. = (
@ Loads e
- (¢ List of Items
Analysis Type
o Define Loads e dan, e
Settings —
= Apply -
& Structural
e Displacement M
A0n Lines e
2 0n Keypoints
TN A i




B cnenyromem okae BeiOupaem UY u Haxxumaem OK.

i

AREAS

TYPE NUM

Apply UROT on Areas

Lab2 DOFs to be constrained

Apply as
If Constant value then:
VALUE Displacement value

OK

[DA] Apply Displacements (U,ROT) on Areas

Apply

All DOF
UX

Constant value >

|

Cancel ] Help l

Ansys
2023R1
STUDENT

JUN 28 2023

13:18:01

Puc.19. 3axkpennenue cmeneneti c6ob600vl. lllaz 1

,Z[a.nee HCO6XOI[I/IMO 3a1aTb AOIIOJJHUTCIIBHBLIC 3aKpPCIVICHUA HaA Y3JIbl H3

YCIIOBUSI CUMMETPHUU 3aAaud. s 3Toro BeIOMpaeM y3iibl CPEAMHHON TMIIOCKOCTH

CJIEIYIOIIECH KOMaHJI0M:
NSEL,S,LOC,Z,B/2

3akperuiieM 3TH y37bl 10 Z (KOMaHAa 3aKperieHUs Y3JI0B aHAJIOTHMYHA

3aKPEIICHUIO TTOBEPXHOCTEH, pACCMOTPEHHASI BBILLIE).



NECEIERN
TOO'baI' ﬂ Apply UROT on Nodes
SAVE_DB | RESUM_DB | QU'T | POW [D] Apply Displacements (U,ROT) on Nodes

Lab2 DOFs to be constrained

Main Menu ®|

Modeling E|
Meshing Apply as
@B CheCking Ctris If Constant value then: STUD
Numbering Ctrls VALUE Displacement value JUN 2:
Archive Model =

Coupling / Ceqn ance e
@ Loads ﬁ — =
Analysis Type
@ Define Loads
Settings
e Apply
e Structural
@ Displacement ~
Z20n Lines
2 0n Areas
2 On Keypoints

On Nodes|

A 0On Nade Comn

An

2

Puc.20. 3axkpennenue cmeneneti c6o600vl. lllae 2

Janiee BeIOMpaeM Ipyryro CPEANHHYIO IOBEPXHOCTh KOMaHIOM:

NSEL,S,LOC,X,L/2
3akpernsieM y3Jbl 1o X
Main Menu ®
Meshing Bl | Emmurs An
Checking Ctrls 2
@ Numbering Ctrls STUD
Archive Model JUN 2¢
Coupling / Ceqn N 1
@ Loads
Analysis Type Apply UROT on Nodes
@ Define Loads [D] Apply Displacements (U,ROT) on Nodes
Settings Lab2 DOFs to be constrained
= Apply
e Structural
@ Displacement l

2A0n Lines Apply as Constant value -

A0n Areas . If Constan't value then:

A0n Keypoints VALUE Displacement value S

lOn Nodes

7 0n Node Comp oK Cancel | Help

Symmetry B.C.
Antisymm B.C.
Force/Moment
Pressure
Temperature 5]
i I o

Puc.21. 3axkpennenue cmeneneti c6o6o0uwl. lllae 3



Co3nanue 3arpy:keHui

3amaeM Harpy3Ky B BUJE CO3/IaHHOM B Havasie Tabmuiel. [ aToro cHavana

HE0OXO0IMMO BBIOpaTh HEOOXOIUMYIO ToBepXHOCTh KoMaH1oi: ASEL,S,LOC,Y,H

Jlanee mepexoaum B Preprocessor > Loads > Define loads > Apply >

Structural > Pressure > On AREAS, B oTkpbIBIIeMcst okHe HaxkuMaeM Pick All.

Main Menu ®|
e Preprocessor =l
Element Type

Real Constants
Material Props
Sections
Modeling
Meshing
Checking Ctrls
Numbering Ctris
Archive Model
Coupling / Ceqn
@ Loads
Analysis Type
e Define Loads
Settings
8 Apply
& Structural
Displacement
Force/Moment
e Pressure
2 0n Lines

E0n areas SN

Puc.22. Bvibop nosepxrnocmu 015 3a0anust Ha2py3Ku

AREAS
TYPE NUM

* pick (" Unpick

(¢ single " Box

" Polygom (* circle
" Loop

Count

Maximum
Minimum
Zrea No.

| I I B}
-

(¥ List of Items

(" Min, Max, Inc

|

Reset Cancel

Pick All Help

il

CK Apply

g 9l

B crnenyromem okue B ctpoke SFA BeiOupaem Existing table, B ctpoke LKEY

ykasbiBaeM 1, Haxumaem OK.



= Ansys

TYPE NUM ZDENT 1
— W
[SFA] Apply PRES
e lﬁ
pply Existing table >l [guN 28 2023

13:22:45

If Constant value then:
VALUE Load PRES value

LKEY Load key, usually face no.

(required only for shell elements)

oK Apply Cancel Help

Puc.23. 3a0anue naepysku. lllae 1

B cnenytoniem okHe BbIOMpaeM co3nannyto Tadnuiy. Haxxumaem OK.

— Ansys

B 2023R1
ﬂ Apply PRES on areas mDENT
JUN 28 2023
Apply Table Loads 13:22v45

Existing table LOAD Q

|

N
oK I Apply | Cancel | Help I

Puc.24. 3a0anue naepysku. Ilae 2



Pemenue

[Tepexomum B Solution > Analysis Type > Sol’'n Controls, B oTkpsiBIIEMCS

OKHC BI>I6I/IpaeM CICOYIOMUC ITapaMCTPLI pacdcTa:

: Solution Controls X ——————
Basic ] Transient ]Sol'n Options] Nonlinear ]Advanced NL
Analysis Options Write Items to Results File
|Sma|| Displacement Static - @ All solution items
I~ Calculate prestress effects © Basic quantities
© User selected
Time Control Nodal DOF Solution i’
Nodal Heactiqn Loads
) Time at end of loadstep |1 n o
Automatic time stepping |Prog Chosen j S—— =
; Frequency:
“ Number of substeps -
T \Write every substep -
~ Time increment
where N = |1
Number of substeps |1 I
Max no. of substeps |1
Min no. of substeps 1 b
0K | Cancel I Help ]

Puc.25. Hacmpotixa pewwamens ons nepsozo pacuema

Haxxumaem OK. 3amyckaem pacuer. [lepexoaum B Solution > Solve > Current

LS, B oTkpriBIIEMCcs okHe Haxkumaem OK.

[Tocne okoHYaHMS MIEPBOTO pacyeTa, B TOM K€ OKHE, BEIOMpaeM MmapaMeTpsl

IJIs1 BTOPOTO paciucTa, ! 3aITyCKACM €Iro KaK OITMCAHO BBIIIC:



— Solution Controls %

Basic ] Transient [Sol'n Options] Nonlinear ]Advanced NL
Analysis Options - — Write Items to Results File
|Small Displacement Static N @ All solution items
™ Calculate prestress effects © Basic quantities
| © User selected
Time Control Nodal DOF Solution
Nodal F’.egcliqn Loads
IS) Time at end of loadstep ~ |1.48 o
Automatic time stepping |Prog Chosen - e
z Frequency:
“ Number of substeps -
o |Wnte every substep j
© Time increment
where N = |1
Number of substeps 110
Max no. of substeps [12
Min no. of substeps E]
N
0k | Concel | Hep |

Puc.26. Hacmpotixa pewamens ons emopoeo paciema

Jlanee BbICTaBIIsIEM MMapaMeTPhI ISl TPETHETO pacyeTa U 3allyCKaeM ero:

—| I solution Controls X

Basic ] Transient ]Sol'n Options] Nonlinear ]Advanced NL]

~ Analysis Options — Write Items to Results File
lSmaII Displacement Static - @ All solution items
" Calculate prestress effects © Basic quantities
‘ © User selected
Time Control Nodal DOF Solution
Nodal P.eactno_n Loads
8) Time at end of loadstep ~ [1.53 A I
Automatic time stepping |Prog Chosen  -| e
Frequency:
“ Number of substeps -
|Write every substep -

% Time increment

where N = [1

Time step size 0.001
Minimum time step 0.001
Maximum time step 0.001|

ok | Conc | Hep |

Puc.27. Hacmpotixa pewamens ons mpemve2o paciema



BriBoa pe3y/ibTaTOB

JInst BBIBOJIA pE3yNIbTaTOB HEOOXOAMMO BBIOPATH PE3YJIBTAT B MOMEHT IIEpPe/]
paspymenuem. [l atoro mepexoaum B General Postproc > Read Results > By pick,

3aTeM BBIOMpAEM MpeanociaeIHuil Habop u HaxkuMaeMm Read.

. Results File: kop15.rst
\ Available Data Sets:
Set Time Load Step Substep Cumulative
L 24 1.4940 3 14 44
r 25 1.4950 3 15 46
r 26 1.4960 3 16 47
C 27 1.4970 3 17 48
¢ 28 1.4980 3 18 50
i 29 1.4990 3 19 51
1 30 1.5000 3 20 52
! 31 1.5010 3 21 53
32 1.5020 3 22 54
33 1.5030 3 23 55
34 1.5040 3 24 57
35 1.5050 3 25 60
36 1.5060 3 26 64
38 1.5300 3 999999 77
! ,
: . Next ﬂ
i
] | s

Puc.28. Bvibop momenma ons npocmompa pe3yibmama

Janee nepexoaum B General Postproc > Plot Results > Countor Plot > Nodal

Solu, B oTkpeiBIIEMCS OKHE BbIOMpaeMm Stress > von Mises stress u Haxxumaem

APPLY.



Main Menu ®|

B Preferences =
Preprocessor
Solution

& General Postproc

& Data & File Opts B Contour Nodal Solution Data X
B Results Summary ~ ltem to be contoured
Read Results I
Failure Criteria @& Nodal Solution =
& Plot Results DOF Solution I
B Deformed Shape o Stress
& Contour Plot & X-Component of stress I
5] & @ Y-Component of stress |
E Element Solu “ & Z-Component of stress
E Elem Table g @ XY Shear stress |
B Line Elem Res @ YZ Shear stress
Vector Plot o & XZ Shear stress 5
Plot Path Item £l & 1st Principal stress
Concrete Plot 2 & 2nd Principal stress i
ThinFilm g R
_ & 3rd Principal stress L
ListResults E & Stress intensity
Query Results o @ I
E Options for Outp o]
Bl Results Viewer o - - L
Nodal Calcs ] .
Element Table g [~ Undisplaced shape key L
%
:3tr?ag£:::a':|ins ’:'% Undisplaced shape key |Deformed shape only j |
Load Case 2 Scale Factor Auto Calculated o
Check Elem Shape & I
& Write Results Additional Options ®| |
Submodeling
Safety Factor oK ooy | cancel | mep ||
Define/Modify v T T T T T T T
B Nonlinear Diagnostics 1, 0}3—05—] I
B Reset 27 47 67 87 107

Puc.29. Bvi600 sxsusanenmuulx nHanpsicenuti no Muszecy

NODAL SOLUTION

STEP=3

SUB =27
TIME=1.507
SEQV (AVG)

DMX =.266293
SMN =571827
SMX =.316E+09

]

571827 .TOBE+08

.357E+08

.141E+09
.106E+09

.211E+09

.176E+09 .24€E+09

Ansys
2023R1
STUDENT

JUN 28 2023
13:37:13

.281E+09
.316E+09

Puc.30. U30no1s sxeusanenmuvix nanpscenutl no Muszecy



Hanee, B ToM e okHe Contour Nodal Solution Data Beioupaem Plastic Strain

> von Mises plastic strain u naxxumaem APPLY.

Preferences =]

Preprocessor NODAL SOLUTION
Solution STEP=2
& eilpon i <up | Il Cortour Nods! Solution et x =
Results Summary TIME - ftemto be contoured
Read Results SEQY - -
Failure Criteria DMX & Elastic Strain E N
2 Plot Results SMN & Plastic Strain )
Deformed Shape i@ X-Component of plastic strain
B Contour Plot SMX @ Y-Component of plastic strain
@ Z-Component of plastic strain
Element Solu & XY Shear plastic strain
B Elem Table @ YZ Shear plastic strain
Line Elem Res @ XZ Shear plastic strain

Vector Plot
Plot Path ltem
Concrete Plot
ThinFilm

List Results ‘

@ 1st Principal plastic strain
@ 2nd Principal plastic strain
@ 3rd Principal plastic strain
@ Plastic strain intensity

Query Results [=Rvon Mises plastic straij

Options for Outp @@ Equivalent plastic strain ‘ -
E Results Viewer Kl iz
Nodal Calcs X

Element Table Undisplaced shape key

:zt:agsgsz::;:ms Undisplaced shape key [Deformed shape only |
Load Case Scale Factor [Auto Calculated ~[[0.00146620010088
Check Elem Shape

it Additional Options @
@ Submodeling

Safety Factor ok | ey | Cancel | Hep |

Define/Modify

E Nonlinear Diagnostics

Reset

Manual Rezoning
TimeHist Postpro

Puc.31. Bvi600 sxsusanenmuuix oegpopmayuii no Muzecy

NODAL SOLUTION Ansys

STEP=3 2023R1
SUB =27

TIME=1.507 STUDENT
EPPLEQV (AVG) JUN 28 2023
DMX =.266293 13:38:06

SMX =.19382

@ |
0 .043071 .086142 .125213 .172284
.021536 .064607 .107678 .150749 .19382

Puc.32. Uzonons sxeusanenmmuwix oeghopmayuti no Muzecy



Teneps oToOpa3um rpaduk nepeMerieHuil y3ia no cepeause nposuera. s
ynoocTBa BbIOEpEM 3TOT y3en KOMaH/1aMU:
NSEL,S,LOC,X,L/2
NSEL,R,LOC,Y,0
NSEL,R,LOC,Z,0

3arem nepexoaum B TimeHist POStpro, B oTKpbIBIIEMCSl OKHE HA)KHUMaeM Ha
3Ha4oK “‘+” B yieBoM BepxHeMm yriny (add data). B cimeayromem okHe BBIOMpaeM
DOF Solution > Y component of displacement, naxxumaem OK, manee BbiaenseM

BBIOpaHHYIO TOUKY U HaxkuMmaem OK.

i

JWRGRPH| '
4‘ :H_l._lﬂzi_l None -| S| 8 Real |
— Variable List ®|
|ODES Name Li=1 * InAAa liwaciut itam IAMnimm =4
4 Add Time-History Variable X | ]
Calcul Result ltem ®|
& Favorites s j
& Nodal Solution
( @& DOF Solution j
L9 @ X-Component of displacement
MI L2 1Y-Component of displacement
MA & @A 7-Camnnnant nf dienlaramant _JLJ / CLEAR
;_X e
RS Result Item Properties
ST . * -
_" | Variable Name [UY_2
INSN ' sector Number |
AB : ﬁ
0K | Apply | Cancel l Help I T
E
INV l DERIV ] REAL ] 0 ‘ : ’ + | =

Puc.33. Oxno Add Time-History Variable



Main Menu

& Preferences NODES

@ Preprocessor
Solution
General Postproc
®
& Variable Viewer
@ Settings
& Store Data
& Define Variables
& List Variables
& List Extremes
& Graph Variables
Math Operations
Table Operations
B Generate Spectrm
& Reset Postproc
Radiation Opt
B Session Editor
& Finish

Ansy
2023

STUDE

JUN 28 20.
(e 14:25:
-

% pick " Unpick

@ ik WL

Count 1

"o

1
1
513

Maximum
Minimum

Node No.

(¥ List of Items

(" Min, Max, Inc

|

Apply
Cancel
Help

Reset

el

Puc.34. Bvibop mouku ons nocmpoenus epagpuxa

3arem Haxkumaem Data properties (5 ukoHkKa B JICBOM BEpXHEM YIIy), B

OTKPBIBIIEMCSI OKHE IMEPEXOJUM BO BKJIaAKy X-AXIS M Ha3HayaeM CIEAYIOIIHE

apaMeTpsl:

— Range of Values — Specified

Min -1
Max — 1.5

Haxxumaem OK.



B Time-History Properties X

Variable X-Axis | Lists | H
| |
Calculator Range of Values ®
l uy_2  Full range
© Specified
( ) Min [1 Max [1.5 -
MIN CONJ Time Variable Identification
MAX a+b © Data as a function of time / CLEAR
RCL © Data as a function of cumlative iterat
STO * -
INS MEM
ABS | ATAN 4 5
L INT1 T
E ——————————————
0K I Cancel I Help I FtFFf———
racom i PR 1 T T I R &=0 cenn=1

Puc.35. Hacmpotixu 015 6v1800a epaghuxa

Jlns otoOpaxenus rpaduka HaxumaeM Graph Data (umxonka c¢ rpadukom

CJIEBa BBEPXY).

Ansys
2023R1

STUDENT

JUN 28 2023
13:42:06

(x10%*-2)

-.5

VALU

TIME

Puc.36. I'pagpux nepemewernuss mouxu 80onw ocu Y



3akJIloueHue

B pabote Obutr mpoBeneH pacuér koddduimeHTa 3amaca MPOYHOCTH
Oamky TpH yNpyro-miacTHYeCKOM H3rube ABYMs CIOCOOaMH: aHAJTUTHUYECKAM H
YHCIICHHBIM. B cilydae aHaTuTHYeCKOro pelieHne 3HaueHne Ko GuiimeHTa paBHO

1.5, mpu umcnennom wmojaemupoBanun B I[IK Ansys Mechanical — 1.507.

[1.5—-1.507]

-100% = 0.47%.
15

HOFpeH_IHOCTB YUCJIICHHOTO PCIICHUA COCTABIIACT:

Koa nporpammusl
FINISH
/ICLEAR,ALL

[PREP7 ! BXO/ B MPENPOIIECCOp

| 3a1aHUe UCXOAHBIX JTAHHBIX

EPS = 1E-5

H=0.1

B =0.05

L=2

ST =300e6 ! mpeden IIacTHIHOCTH
K=1.6 ! mapametp "Bpemenu"
QL = (4*ST*B*H**2)/(3*L**2) | TMHEelHAs Harpy3Ka

Q=QL/B | IOBEPXHOCTHAS HATPY3Ka

I co3nanue TabnuIlbl HAarpy30K
*DIM,LOAD_Q,TABLE,3,1,1, TIME
LOAD_Q(1,0)=0.0,1,K
LOAD_Q(1,1)=Q,Q,K*Q



| 3ajaHKe mapaMeTpoB MaTeprana

ET,1,186

MP,EX,1,2E11 ! MoayJie ynpyroctu
MP,PRXY,1,0.3 ! Koaddunuent Ilyaccona
TB,BISO,1 ! OMIITMHEHHBIN U30TPOIHBII

TBDATA,,ST,0 ! Ilpenen miacTHIHOCTH U TaHTCHITUATBHBIA MOIYITh

! co31aHne reoMeTpun

BLOCK,0,L,0,H,0,B

I pa3OuBKa ceTKH
AESIZE,ALL,0.0125
VMESH,ALL

I co3nanue 3akperieHui
ASEL,S,LOC,X,0
ASEL,A,LOC,X,L
DAALL,UY

NSEL,S,LOC,Z,B/2-EPS,B/2+EPS
D,ALL,UZ

NSEL,S,LOC,X,L/2-EPS,L/2+EPS
D,ALL,UX

| 3aaHMe HArPy3KH B BUJIEC TAOTHIIBI
ASEL,S,LOC,Y H
SFA,ALL,1,PRES,%LOAD_Q%
ALLSEL



! peiienue

/SOLU

ANTYPE,O
TIME,1
NSUBST,1,1,1

OUTRES,ERASE
OUTRES,ALL,1
SOLVE

TIME,1.48
NSUBST,10,12,8
OUTRES,ERASE
OUTRES,ALL,1
SOLVE

TIME,1.53
DELTIM,0.001,0.001,0.001
OUTRES,ERASE
OUTRES,ALL,1

SOLVE

! BpeMsl
| KOMMYECTBO UTEpaIUid,
IcpenHee/MakCUMalIbHOS/ MUHUMAJIBHOE

| BBIBOJI pE3yNIBTATOB

I mar mo BpemMeHu



IIpakTnyeckas padora Ne2

Yupyro-mjiacruueckoe KpyueHue opyca

MeTozmquKne YKa3aHuA K BbINNOJIHCHHUTO HpaKTquCKOﬁ paﬁoTbl 2

Jns co3manust pacuéTHOW Mojenu OyJeM HCIOJb30BaTh Iperporieccop ANSYS
Mechanical APDL.

ITocne 3anmycka APDL mosiBUTCSI OKHO:

File Profiles Options Tools Links Help

Simulation Environment:

& ANSYS v |
‘0 License:

LNC Ansys Mechanical Enterprise

) Show Legacy Licenses

Customization/ High Performance
Preferences Computing Setup

Working Directory: '

Job Name:

Puc.1. Okno 3anycka npoepammnoco komniexca ANSYS Mechanical



Psmom ¢ okaom Working Directory Haxxate KHONIKy «Browse...» u BeIOpaTh
CBOIO pabouyto aupekToputo. B stoit nupexkropun ANSYS Oyner coxpaHsiTh Bce
daitnbl. Jlupexropus 1omKHA OBITH CO31aHa 3apaHee. B nMeHax TUpEeKTOpUH U My TH
K TUPEKTOPHUH JIOMYCKAIOTCS TOJBKO JIATHHCKKUE OYKBBI. Psijiom ¢ okHom Job Name

3ajaeM uMs (Qaia.

BB Ansys Mechanical Enterprise Utility Menu (dkkdv

File Select List Plot PlotCtrls WorkPlane Parameters Macro MenuCtris Help

ST IR - | 2 E
Toolbar

SAVE_DB| RESUM_DB| QUIT| POWRGRPH

Main Menu @l‘
& Preferences NoDES Ansys

@ Preprocessor 2023R1
@ Solution JuN 22 2023
@ General Postproc
@ TimeHist Postpro
@ Radiation Opt

& Session Editor

= Finish

Puc.2. Pabouee okno npoepammmnozo komniexkca ANSYS Mechanical



BrinmosHuM pacd€T KECTKO 3aKPEIICHHOTO CTEPXKHS KPYTJIOTrO CEUCHUS C
pamuycoMm R w jgmuHoi |, Ha CBOOOJHOM KOHIIE KOTOPOIO MPHUIIOKCH

COCPENOTOYECHHBIM MOMEHT. PacuéTHast cxeMa umMeeT CIIeTYOIUN BUL:

|

T

4

4t

Puc.3. Cxema srcecmro 3AKPENIEHHO20 CMEPIHCHA KPY2/I020 CEUEHUA

Hcxoonvie oannvie:
- JUTHHA CTePXKHS | = 6 M;
— WHTEHCUBHOCTh TOTOHHOW PaBHOMEPHO pacHpenel€HHON Harpy3Ku
OyzeM 3a7aBaTh B BUJIC TaOJIHUIIbI;
— MOMNEPEYHOE CEUCHUE CTEPKHS — Kpyrioe (paguyc R= 1 m);
—  XapaKTEepPUCTHKH MaTepHana: MOAyib ympyroctu E = 2-10M Tla,
ko3 puuuent Iyaccona v = 0.3, npenen miactuanoctd op = 300 - 10° I1a

(mpenen TJIACTUYHOCTA MO KacaTelIbHBIM HAINPSKEHUSM MOXKET ObITh
0.

r 6\
= =173 %10,

— MONEPEYHOE CEUCHUE CTEPKHS — Kpyrioe (paauyc R =1 m);

MNEPECUYNTAH KaK: T =

— MOTOHHAsl PABHOMEPHO pacipe/iesiéHHasi KpyTUJIbHAsI Harpy3Ka.



AHaJIUTHYECKOE pPellIeHue

Mpasp
OtHomienne f = —,. XapaKTepusyeT 3amac MpPOYHOCTH OasloKk 10
T

OTHOHICHHIO K COCTOSAHUIO, ITPH KOTOPOM B 0ajIKe BOBHUKAIOT ICPBBIC INTACTHYCCKUC

nedopmaruu, rae

1) nR3 mR*
My = % = Tr—,—, TaK KaK Juii Kkpyra ] = —,
2
_ _ 3
Mpa3p - ffFTT - ET[R Tr,
CrnenoBaTelibHO,

2_n53
ﬁ_Mpa3p_§7TR T 4

My

mR3 5
TT—Z

Pemenue ¢ momomnbro Ansys Mechanical APDL

Co3nanune Ta0JUIbI HATPY3OK.
Harpysky Oyzaem 3aaBath Ha OCHOBE nuarpammbl [Ipanatis:

Utility menu > Parameters > Array parameters > Define/Edit

I Ansys Mechanical Enterprise Utility Menu (plastsquare)

File Select List Plot PlotCirls WorkPlane Parameters Macro MenuCtrls Help

Get Scalar Data ...

EE‘E@@I@K‘ 2] Scalar Parameters ... # K é] ﬁ[

Toolbar

Array Parameters *| Define/Edit ..
SAVE_DB| RESUM_DB| QUIT POWRGRPI—_

= I = EQ—I Get Array Data ... Fill W

Main Menu ¢ Array Operations *' Read FromFile ..
E Preferences Functions Wiieloble s
Preprocessor
Solution Angular Units ...
General Postproc
TimeHist Postpro Save Parameters ... J
Radiation Opt Restore Parameters ..
Session Editor
Finish

Puc.4. Cozoanue mabauyvi nacpy3ox



B otkpreiBmemcs okae Array Parameters maxnmaem kaonky Add

Select List Plot PlotCtris WorkPlane Parameters Macro MenuCtris Help

L
1w
‘)

Currently Defined Array Parameters: (Arrays larger than 3D not shown)

Parameter Type Dimensions Var1 Var2 Var3
INONE DEFINED

Add.. Edit

Close Help

Puc.5. Oxno Array

B OTKpBIBIIEMCS OKHE YKa3bIBAEM:
— HasBanue tabiuiel (Parameter Name) — Load_Q
— Tun Tabauier (Parameter Type) — Table
— KomunuectBo cTpok, cronomos, psagos (No. of rows, cols, planes) — 3,1,1

— Crpokosas nepemennas (Varl Row variable) — Time

[+ ]
Currently Defined Array Parameters: (Arrays larger than 3D not shown)
Parameter Type Dimensions Var1 Var2 Var3
INONE DEFINED

Add New Array Parameter

[*DIM]
Par Parameter name Load Q

Type Parameter type
C Amay
& Table
€ Character Array
Add.. 11K No. of rows,cols,planes |3 [|1 ||1 |

For Type="TABLE" only:

Varl Row Variable N Time
Close p
Var2 Column Variable |:
I Var3 Plane Variable 1
oK Apply | Concel | Help

Puc.6. Oxno Add New Array Parameter



Bo Bxianke Array Parameters maxumaem kHonky Edit. B oTkpbiBiiemcs

OKHC 3aIIOJIHACM JaHHBIC Ta6JII/IHI>I (I/ISMCHGHI/IG HAarpys3kKu CO BpeMCHGM)I

| B
Currently Defined Array Parameters: (Arrays larger than 3D not shown)
Parameter Type Dimensions Var1
Il OAD_Q table 3x1 TIME
1 Table Array: LOAD_Q = f(TIME)
File Help L}
Page Increment m Al

<4 )
A/

7.889¢-31

0 272384393

TIME 1 272384393
1.4 381338150

Add_ Edit...

MNlaca |

Puc.7. Okno Table Array

3arem HaxxumaeMm File > Apply/Quit u 3akpsiBaem okHo Array Parameters.
3ajgaHue 3JIeMEHTOB U HX apaMeTPoOB
B Main Menu niepexoaum B Preprocessor > Element Type > Add/Edit/Delete

B oTkphIBIIeMcs okHe (Element type) naxkumaem kaonky Add:

SAVE_DB| RESUM_DBI QuIT POWRGRPHI

Main Menu all
& Preferences I Element Types x
& Preprocessor

= Element Type .
Add/Edit/Delete Defined Element Types:

Switch Elem Type NONE DEFINED
B Add DOF
Remove DOFs

Elem Tech Control
Real Constants
Material Props
Sections
Modeling N
Meshing
Checking Ctrls
Numbering Ctrls
Archive Model
Coupling / Cegn
Loads
Path Operations

Solution Z X
General Postproc Add I

TimeHist Postpro
Radiation Opt

& Session Editor
Finish Close Help

Options I Delete |

Puc.8. Oxno Element type



B otkpeiBimIieMcst okHe B OuOaroTeke siaementoB (Library of element types)

BeIOMpaeM Solid — 20 node 186.

& Preferences = “:0523y|
= PEr Eﬁ;?nc::ts'?;pe Defined Element Types: UDEN1
Y dd/Edit/Deletel e
& Switch Elem Type 2 155
B Add DOF Library of Element Types
B Remove DOFs Library of Element Types Structural Mass ~ | [Quad 4 node 182 ~

Link 8node 183

B Elem Tech Control Brick & node 185

Real Constants 20node 186

2 concret 65 v
Material Props
Sections [ 2onode 186 |
Modeling Element type reference number
Meshing
Checking Ctrls oK Help

Numbering Ctrls
Archive Model T
Coupling / Ceqn

Loads
Path Operations i
Solution Options... Delete

General Postproc
TimeHist Postpro

Radiation Opt -l Close Help ‘

|

Puc.9. Oxno Library of Element type. Koneunwiii snemenm muna SOLID186
Howmep tumna snementa (element type reference number) — 1, maxxumaem OK.
Amnanoruuno mooasisieM snement Constraint — Nonlinear MPC 184, nomep Tuma

anementa (element type reference number) — 2.

B Preferences = “;obzsy
I
) PET eEl?::::ts.?;pe Defined Element Types: FODENT
EJAdd/Edit/Delete ype 1 SOLID186 e
& Switch Elem Type | 11:35:50

2 Add DOF Il Library of Element Types

B Remove DOFs Library of Element Types

B Elem Tech Control
Real Constants
Material Props
Sections

Modeling Element type reference number
Cancel

Nonlinear MPC 184

Pipe
Solid
Shell
Solid-Shell

[Nonlinear MPC 184

Meshing

Checking Ctrls oK Apply

Help
Numbering Ctrls

Archive Model T
Coupling / Ceqn
Loads

Path Operations o
= Solution _Add...| Optirs..| _ Delete |

= General Postproc
TimeHist Postpro

Radiation Opt || Close Help | —

Puc.10. Okno Library of Element type. Koneunwiit snemenm muna MPC184




Jlanee B okue Element type BeiOmpaecm MPC184 u HaxumaeM KHOIKY

Options. B otkpeiBmiemMcs okHe, B ctpoke Element behavior (K1), Betonpaem Rigid

Beam. Haxxumaem OK.

Main Menu 2
& Preferences
& Preprocessor
@ Element Type
[=1Add/Edit/Delete
B Switch Elem Type
8 Add DOF
B Remove DOFs
B Elem Tech Control
Real Constants
Material Props
@ Sections
Modeling
Meshing
Checking Ctrls
Numbering Ctris
Archive Model
Coupling / Ceqn
Loads
Path Operations A
Solution
General Postproc
TimeHist Postpro
Radiation Ont 8

Defined Element Types:
Type 1 SOLID186
ype 2 MPC184
MPC184 element type options

Options for MPC184, Element Type Ref. No. 2

Element behavior K1 Rigid Link -~

Rigid Beam

G
oK Cancel I Help |

Add...

Delete
Close Help

Puc.11. Hacmpotixa onyuti onsa KO muna MPC184. [llaz 1

B cnenyromem okHe ocraBnsem K2 6e3 u3meHeHu.

Main Menu &
B Preferences =
e Preprocessor
= Element Type
=]Add/Edit/Delete
& Switch Elem Type
2 Add DOF
B Remove DOFs
& Elem Tech Control
Real Constants
Material Props
Sections
Modeling
Meshing
Checking Ctrls
Numbering Ctrls
Archive Model
Coupling / Ceqn
Loads
Path Operations
Solution
General Postproc
TimeHist Postpro

Radiation Opt =l

Defined Element Types:
Type 1 SOLID186

ype 2 MPC184

ﬂ MPC184 element type options

s

Options for MPC184, Element Type Ref. No. 2

MSiHon Lediod k2 :
G =] Coe|

Add...

Delete
Close Help

Puc.12. Hacmpotixa onyuti ona KO muna MPC184. lllaz 2

3akpeiBaeM okHO Element type.



B mpenpoueccope mepexomum B Material Props > Material models. B

OTKpeIBIIEMCSI OKHe BbIOuMpaem: Structural > Nonlinear > Inelastic > Rate

independent > Isotropic Hardening Plasticity > Mises Plasticity > Bilinear.

SAVE_DB| RESUM_DB| QuIT| POWRGRPH|

Main Menu

= Preferences
B Preprocessor
Element Type
Real Constants
& Material Props
Material Library
Temperature Units
Electromag Units
B Convert ALPx
Change Mat Num
Failure Criteria
E Write to File
Read from File
Sections
Modeling
Meshing
Checking Ctris
Numbering Ctrls
Archive Model
Coupling / Cegn
Loads
Path Operations
Solution
General Postproc
TimeHist Postpro
Radiation Opt
= Session Editor
= Finish

4

B Define Material Model Behavior - o X

Material Edit Favorite Help

Material Models Defined

kP \Material Model Number 1S

Material Models Available

(= Favorites
&8 Structural
@ Linear
8 Nonlinear
@ Elastic
23 Inelastic
@ Plasticity Curve Fitting
8 Rate Independent
8 Isotropic Hardening Plastic
# Mises Plasticity
- eHmEm
| | | | T

Puc.13. 3a0anue xapaxmepucmux mamepuana. [llae 1

B otkpeiBmieMcs npeaynpexaenun Haxumaem OK, nanee B OTKpbIBIIEMCS

okHe 3amaemM wmoayib ynpyroctu (EX=2ell) u xosddumment Ilyaccona

(PRXY=0.3). Haxxumaem OK.

Main Menu

Preferences
& Preprocessor
Element Type
Real Constants
B Material Props
Material Library

Temperature Units

E Electromag Units
B Convert ALPx
Change Mat Num
Failure Criteria
B Write to File
Read from File
Sections
Modeling
Meshing
Checking Ctris
Numbering Ctris
Archive Model
Coupling / Ceqn
Loads
Path Operations
Solution
General Postproc
TimeHist Postpro
Radiation Opt
E Session Editor
Finish

ik)l‘
I NODES

Material Edit Favorite Help

Material Models Defined Material Models Available

@ £ 8 Nonlinear
@ Elastic
8 Inelastic
@ Plasticity Curve Fitting
3 Rate Independent
8 Isotropic Hardening Plasticity
I Linear Isotropic Properties for Material Number 1 X & Mises Plasticity
N %
Linear Isotropic Material Properties for Material Number 1 © Muttilinear
€ Nonlinear
@ Hill Plasticity
_11— @ Nanaraliznd Anicatranis Lill Datantial
Temperatures |
EX 2e11
PRXY 0.3 r

Graph

ok | cancel | e |

Add Temperature | Delete Temperature|

Puc.14. 3a0anue xapakmepucmux mamepuana. lllaz 2



Jlasee B OTKpBIBIIEMCSI OKHE 3a71aeM IIpeIelT TIacTUIHOCTH 1o Mm3ecy (Yield

Stss=300e6) u TanrenmmanbHbi Moys (Tang Mode=0). Haxxumaem OK.

Main Menu

|

Preferences ‘

B Preprocessor | NODES
Element Type [ 4] B

Real Constants Material Edit Favorite Help

B Material Props ? - = <
Material Library Material Models Defined Material Models Available

Temperature Units [ B\laterial Model Number 1 £ & Nonlinear B

Electromag Units "

[Material Model g E:Iztslgc

Convert ALPx L

Change Mat Num B Bilinear Isotropic Hardening for Material Number 1 X

Failure Criteria N

Write to File o : : :

Read from File Bilinear Isotropic Hardening for Material Number 1
Sections
Modeling T
Meshing Temperature

Checking Ctrls . T R
Numbering Ctrls Yield Stss 300e6] rnin Llill Datantial =
8l Tang Mod 0 i |

) Plasticity

Archive Model
Coupling / Cegn
Loads
Path Operations
Solution
General Postproc Add Temperature | Delete Temperature Add Row | Delete Row| Graph|
TimeHist Postpro
Radiation Opt 0K |
Session Editor I
Finish

Concel | Hep |

Puc.15. 3a0anue xapaxmepucmux mamepuana. lllae 3

3amanue reomeTpuu

Cozgaem yeTBepTh HMWIMHApPA (yaoOHee sl pa3OuBKU ceTku). s atoro
nepexoauM B Preprocessor > Modeling > Create > Volumes > Cylinder > By
dimensions. B oTkpbIBIIEMCsl OKHE MIPOIKMCHIBAEM MTapaMETPhI:

— RAD1-1

— RAD2-0

- Z1,72-0,6

— Thetal -0

— Theta2 — 90



Main Menu

Preferences
Preprocessor
@ Element Type STUDEN
Real Constants JUN 29 20
@ Material Props Ll
Sections
a Modeling H Create Cylinder by Dimensions |}
e Create
Keypoints
Lines
Areas 71,22 Z-coordinates
8 Volumes THETA1 Starting angle (degrees)
Arbitrary THETA2 Ending angle (degrees)
= Block
@ Cylinder
2 Solid Cylinder
ZA Hollow Cylinder
2 Partial Cylinder
7By End Pts & Z
2
Prism
Sphere |

L [®

Ans)
2023

[CYLIND] Create Cylinder by Dimensions
RAD1 Outer radius

[

RAD2 Optional inner radius

(=}
o

Il

oK Apply Cancel I Help |

Puc.16. Cozoanue ceomempuueckoti mooenu.

T—_— Ansys
TYPE NUM 2023 R1

STUDENT

JUN 29 2023
11:48:17

Ity

S

Puc.17. I'eomempuueckasn mooens (1/4).




Pa30uBka ceTku
Ha IICPBOM HIAre p336I/IBa€M CCTKY 00BbEMHBIMU QIIEMCHTaMH, OJIA OTOI'O
nepexoaum B Preprocessor > Meshing > Mesh Attributes > Default Attribs. danee,

B OTKPBIBIIEMCSI OKHE, B CTpoke Type, BeiOupaem 1 tum snementa (Solid 186).

Haxxumaem OK.

Preferences

B Preprocessor
Element Type
Real Constants
Material Props
Sections

VOLUMES
TYPE NUM

Modeling
& Meshing . .
= Mesh Attributes B Meshing Attributes
=]Default Attrib Default Attributes for Meshing
All Keypoints
2 Picked KPs [TYPE] Element type number 1 SOLID18§ -
All Lines 5
g . [MAT] Material number R -
A Picked Lines .
All Areas [REAL] Real constant set number None defined =
A Picked Areas
All Volumes [ESYS] Element coordinate sys [—_|o -

A Picked Volumes
Volume Brick Orient
MeshTool
Size Cntris
E Mesher Opts
Concatenate
Mesh
Modify Mesh
Check Mesh
Clear
Checking Ctris
Numbering Ctris
Archive Model
Coupling / Ceqn
Loads
Path Operations
Solution
General Postproc
TimeHist Postpro
Radiation Opt
Session Editor

[SECNUM] Section number

OK

Cancel

None defined ¥

Help

Puc.18. Hasnauenue ampubymos.

Ha cnenyromem miare 3amaem pasMep 3J1€MEHTOB. 11 3TOro mepexoaum B
Preprocessor > Meshing > Size Cntrls > Manualsize > Global > Size, B

OTKpBIBIIIEMCS OKHE B cTpoke Size muirem 0.25. Haxumaem OK.



Main Menu @I

= Preferences =
e Preprocessor
@ Element Type
= Real Constants
Material Props
@ Sections
@ Modeling
8 Meshing
@ Mesh Attributes
2 MeshTool
a Size Cntris
@ SmartSize ~
@ ManualSize
a Global
C]Size)
B Area Cntris
8 Volu Cntrls
B8 Other
@ Areas
Lines
@ Keypoints
@ Layers 5

— Ansy
TYPE NUM 2023
STUDEN
JUN 29 20i
11:48:.
Global Element Sizes
. N

[ESIZE] Global element sizes and divisions (applies only
to "unsized” lines)
SIZE Element edge length 0.25

NDIV No. of element divisions - 0

- (used only if element edge length, SIZE, is blank or zero)

oK Cancel Help
| —

Puc.19. Haznauenue pazmepa KoHeuHbIX I/1eMEHMOE.

I[EU'ICG BBI6I/IpaCM HCO6XOI[I/IMLIC JIMHUHU I10 IJIMHC, OJIA 3TOI'O ITPOIIMChIBACM

KOMaHy:

LSEL,S,LOC,Z,H/2

LINES
TYPE NUM

Ansys
2023R1
STUDENT

JUN 29 2023
11:50:01

Puc.20. Bvibop nunuii 0ns nasnauenusi pazmep KO.

I[&JICC 3aJacM KOJIHNYECTBO IJICMCHTOB IIO BBI6paHHBIM JIUHUAM, OJISA 3TOI'O

nepexoauM B Preprocessor > Meshing > Size Cntrls > Manualsize > Lines > All

lines, B otkpeiBiieMcst okHe B ctpoke Ndiv mumrem 20. Haxkumaem OK.



& Preferences bl

e Preprocessor
Element Type
= Real Constants
Material Props
= Sections
Modeling
e Meshing
Mesh Attributes
B MeshTool
e Size Cntrls

@ SmartSize m
8 ManualSize
Global
= Areas
e Lines
=JAll Lines
2 Picked Lines
2 Copy Divs
A Flip Bias
A ClIr Size
Keypoints e
< i

LINES
TYPE NUM

H Element Sizes on All Selected Lines

[LESIZE] Element sizes on all selected lines

OK

Cancel

SIZE Element edge length ,:
NDIV  No. of element divisions
(NDIV is used only if SIZE is blank or zero) N
KYNDIV SIZE,NDIV can be changed v Yes
SPACE Spacing ratio ‘:]
Show more options [~ No

Help

nnsy

STUDEN"
JUN 29 202
11:50:C

Puc.21. Haznauenue konuuecmea KOHEUHbIX 31eMeHnMOo8 o JTUHUU.

PazouBaem 00BeM 3aJaHHBIMHX 3JICMCHTaMU. I[J'ISI 9TOIro ICpexoauM B

Preprocessor > Meshing > Mesh > Volumes > Mapped > 4 to 6 sided, B

OTKpHIBIIEMCs OKHEe HaskuMaeMm Pick all.

Main Menu @I

& Preferences i
e Preprocessor
@ Element Type
Real Constants
Material Props
= Sections
Modeling
@ Meshing
@ Mesh Attributes
8 MeshTool
Size Cntrls
& Mesher Opts ~
Concatenate
= Mesh
A Keypoints
A Lines
Areas
8 Volumes
@ Mapped
4 to 6 sided
Concatenate

Del Concats 5|

-

Puc.22. Omobpadicenue pasmemxu 6yoyweti K3-cemxu.

LINES
TYPE NUM

Mesh Volumes
@ pick " Unpick

(¢ Single  Box

€ Polygon (" circle
c

Count

Maximum
Minimum
Volu No.

@ List of Items

(" Min, Max, Inc

|

Ply

Reset Cancel

i
bl

Pick All Help

Ansy
2023

STUDEN’

JUN 29 20z
11:50:C




ELEMENTS

STUDENT

Ansys

2023R1

JUN 29 2023
11:51:35

Puc.23. KD-mooenw.

Jlanee HEOOXOAMMO CUMMETPUYHO KOMMMPOBATH HaNTy MoAesb 1o X u Y. [{ns

sToro mepexomum B Preprocessor > Modeling > Reflect > Volumes, B

OTKphIBIIEMCs OKHEe HakumaeM Pick all. B cienyromem okue Beioupaem Y-Z plane

(X) n nasxxumaem OK. Ananmornuno kormupyem o X-Z plane (Y).

Main Menu ®|
= Preferences Z|| | EueMents Ansy
e Preprocessor 2023
@ Element Type STUDEN'
= Real Constants Reflect Volumes N JUN 29 20“_‘
Material Props S 11:s2:¢
Sections S
=] Modeling i Single ( Box
Create S Polygon (" circle
@ Operate
@ Move / Modify e
® copy Maximum =
Minimum = 1
e Reflect Volu No. =
A Keypoints —
R Lines (& List of Items
A Areas " Min, Max, Inc
A EE—
7 Nodes ‘
Elements
@ Check Geom =y
Delete Reset Cancel
@ Cyclic Sector Pick All|  Help

Puc.24. Bvibop ob6vema 0ns «0m3epraiueanusLy



Main Menu

®|

& Preferences

e Preprocessor
Element Type
Real Constants
Material Props

Sections

& Modeling
Create
Operate

Move / Modify

Copy
e Reflect

A Keypoints =)

A Lines

A Areas
4lVolumes|
A Nodes
Elements
Check Geom

Delete
@ Cyclic S
CMS

ector
=

ELEMENTS

Reflect Volumes

[VSYMM] Reflect Volumes
Ncomp Plane of symmetry

KINC Keypoint increment

Ansy
2023

STUDEN’
JUN 29 20z
11:52:(C

' Y-Z plane
" X-Zplane Y
" X-Yplane Z

[

NOELEM Items to be reflected
IMOVE Existing volumes will be

OK

Cancel | Help l

IVqumes and mesh l]

Copied v

Puc.25. Hacmpoiiku napamempos ons «omsepkaiusanusy. Lllaz 1

ELEMENTS

Ansys
2023R1
STUDENT

JUN 29 2023
11:53:44

Puc.26. Pezynomam onepayuu «omzepkanueanusy. Illae 1.



Main Menu ®|

= Preferences ] | s I\nsy
= Preprocessor _ 2023
Element Type STUDEN1
Real Constants JUN 29 202
Material Props 11:53:4
@ Modeling
Create Reflect Volumes
Operate [VSYMM] Reflect Volumes N
Move / Modify Ncomp Plane of symmetry
@ Copy C Y-Zplane X
e Reflect X
A Keypoints - C X-Yplane Z
A Lines KINC Keypoint increment
2 Areas > I
R m NOELEM Items to be reflected 'W]
A Nodes IMOVE Existing volumes will be m

Elements
Check Geom
Delete R
Cyclic Sector
CcMS |

Apply Cancel | Help |

Puc.27. Hacmpotixu napamempog ons «omszepxanusanusny. [llae 2.

ELEMENTS A“SYS
2023R1

STUDENT

JUN 29 2023
11:54:23

£}
{5

AR

W

oy

Puc.28. Umocosas K2-mooens.
Tenepp HE0OX0AUMO OOBEIUHUTHL MOJENIb B €IuUHOE Ilienoe. [ns aToro
nepexoauM B Preprocessor > Numbering Ctrls > Merge items, B oTKpbIBIIIEMCS

okue B crpoke Label Beioupaem All u naxxumaem OK.



Main Menu

& Preferences
e Preprocessor
Element Type
@ Real Constants
Material Props
Sections
® Modeling
Meshing
Checking Ctrls
& Numbering Ctris
=
B Compress Numbers
B Set Start Number
B Reset Start Num
B Start Num Status
B Add Num Offset
Archive Model
Coupling / Ceqn
Loads
Path Operations
Solution
General Postproc

ELEMENTS

Label Type of item to be merge
TOLER Range of coincidence
GTOLER Solid model tolerance

ACTION Merge items or select?

SWITCH Retain lowest/highest?

Merge Coincident or Equivalently Defined Items

[NUMMRG] Merge Coincident or Equivalently Defined ltems

All v
& Merge items

(" Select w/o merge

LOWest number bt

Cancel |

Help

OK Apply

E

Ansy
2023
STUDEN’

JUN 29 20:
11:54::2

Puc.29. Hacmpoiiku napamempos «cKaetikuy mooenu.

I[EU'IGC HGO6XOI[HMO 3adaTb CBA3UM MCXKIOY Y3JIaMHU KpaﬁHGFO CCUCHHUA C

nomotisio MPC184. [1nst aToro cHavana BeIOEpEM TH Y3JIbI C TIOMOIIBbI0 KOMaH/IbI:

NSEL,S,LOC,Z,H

NODES

Ansys
2023R1
STUDENT

JUN 29 2023
11:55:56

Jiﬁ‘&

g

Puc.30. Bvibop y3n06 6 mopyesom ceueruu.



Jlnst cozmanus anemenTa MPC184 HeoO6Xx0auMO OCYIIIECTBUTH 3TO C TIOMOIITBIO
MKIa (BBUAY OOJBIIOT0 KOJMYECTBA TOYEK), JJIA YEro MOHAJOOUTCS MOITYYUTh
HEKOTOpPBIE BEJIMUMHBI C TOMOIIbIO cepun Komana *GET.

Ham nonagoOurcs:
— NALL — xonn4ecTBO TOUYEK B CEUEHHUH
— NMIN — MuUHUMaNBHBII HOMEP TOYKH B CEYEHUU
— LAST — Haubonpimii HoMep B c€4eHUU (IPUTOTUTCS AJISl CO3/IaHUS TOUKH B
KOTOPYIO MPUKJIAJABIBAETCSI MOMEHT, 3aTEM C HEl CBSKEM BCE OCTAJIbHBIC)
Komana Haxonutces o ciaenyromemy myTu: Utility Menu > Parameters > Get scalar
data.

Ansys Mechanical Enterprise Utility Menu (kop15)

File Select List Plot PlotCtrls WorkPlane Parameters Macro MenuCtrls Help

IR Scalar Parameters ...

Get Scaiar Data ...

Toolbar

SAVE_DB| RESUM_DB| QUIT| POWRGRF Array Parameters x
Get Array Data

Main Menu @] ——  Array Operations »

= Preferences Al | e et Ans
unctions ’ 202:

Preprocessor -

Solution Angular Units ... £ STUDER

General Postproc JUN 25 2(

TimeHist Postpro Save Parameters ... =] e

Radiation Opt Restore Parameters ...

& Session Editor peti |

& Finish ]

Puc.31. Komanoa ons 3anpoca 3navenus CKaisipHo2o napamempa.



" ELEMENTS

. Get Scalar Data
[*GET] Get Scalar Data

Ansys
2023R1

STUDENT

2023
po:58

Type of data to be retrieved Current settings
Graphics data

Results data
Design opt data
Topo opt data
Parameters

Coord systems

N | For selected set

oK I Cancel I

Help

Puc.32. Bvibop 3anpawueaemozo napamempa.

ELEMENTS -

Ansys
R1

e e - —

- required only for "Current KP set” > "KP nearest ele N" selection

oK | Apply Cancel l

";“’%

2023
p:58

. Get Data for Selected Entity Set N
[*GET],Par,Entity,0 Get Data for Selected Entity Set
Name of parameter to be defined I NALL| I
Data to be retrieved
Current elem set Highest node num
Current volu set Lowest node num
Current area set Min X coordinate
Current line set Min Y coordinate v
Current KP set
No. of nodes

Helpl

Puc.33. 3a0anue naumenosarnus nepemenHou OJist 3aNUCU 3HAYEHUSL.




Ansys
2023R1
ENT

ELEMENTS |-

- Get Data for Selected Entity Set N
[*GET],Par,Entity,0 Get Data for Selected Entity Set ch_’g:
Name of parameter to be defined I NMIN I g
Data to be retrieved A

Min X coordinate
Min Y coordinate v

Current area set
Current line set
Current KP set

Element number M - I:I

- required only for "Current KP set” > "KP nearest ele N" selection

oK | Apply | Cancel | Help |

i

Puc.34. Bvibop 3anpawueaemoco napamempa.

Lowest node num

[Tepen BeiOOpoM niepemennoit LAST HeoOxonumo npomnucats komanay ALLSEL.
J— Ansys
2023R1

STUDENT

- Get Data for Selected Entity Set

[N 58
[*GET],Par,Entity,0 Get Data for Selected Entity Set
Name of parameter to be defined | LAST

No. of nodes ~

Data to be retrieved

Current elem set
Current volu set Lowest node num
Current area set Min X coordinate
Current line set Min Y coordinate v
Current KP set
Highest node num

Element number M - |:

- required only for "Current KP set" > "KP nearest ele N" selection

oK | Apply | Cancel | Help |

R

Puc.35. 3a0anue naumenosanus nepemenHol 01 3aNUCU 3HAYEHUSL. .




Jlaitlee co3maeM y3ell ¢ HOMEpPOM CJCAYIONIMM ITOCIIE MaKCUMAJBHOTO JIJIS

NpUJIOKEeHUS K HeMy MoMmeHTa: Preprocessor > Modeling > Create > Nodes > In

Active CS. B onie Node Number mummem LAST+1, u 3agaem koopaunatsl 0, 0, 6.

Main Menu 0] A
= Element Type Rl | mexe=wrs nsy
Real Constants 2023
= Material Props STUDEN'
= Sections JUN 29 20:
=] Modeling 12:00:!
8 Create

B Keyp0ints . Create Nodes in Active Coordinate System h

@ Lines [N] Create Nodes in Active Coordinate System

= Areas NODE Node number

® Volumes XY,Z Location in active CS |o | | 0 | | 3 |

e Nodes = THXY, THYZ THZX

2 0n Working Plane
In Active CS|
A At Curvature Ctr
2 0n Keypoint
A Fill between Nds
2 Quadratic Fill
= Rotate Node CS
B Write Node File
Read Node File

@ Elements

Contact Pair 5

Rotation angles (degrees) l I | | | ]

oK Apply | Cancel | Help

Puc.36. 3aoanue y3na.

ITocne »aTOoro HeobOxommMo eme pa3 OOHOBUTH TmepemMeHHyr0 LAST,

BOCIIOJIBb30BaBIIMCh KoMaHn0i *GET kak onrcaHo BEHIIIE.

I[JISI KOHTPOJII IIPAaBUJIBHOCTHU BBIIIOJHCHHUA KOMAHA MOKHO HepeﬁTPl Ha

Bkiaaky Utility menu > Parameters > Scalar parameters



. Ansys Mechanical Enterprise Utility Menu (kop15)

File Select List Plot PlotCtrls WorkPlane Parameters Macro MenuCtrls Help

BECET).-

Tooliar Get Scalar Data ...
SAVE_DB| RESUM_DB| QUIT| POWRGRF Array Parameters

Get Array Data
Main Menu B - Array Operations ’ A
= Preferences N1 ™™ | Funetions R ns)
Preprocessor 202:
Solution Angular Units STUDEN
General Postproc JUN 29 20
TimeHist Postpro Save Parameters R
Radiation Opt Restore Parameters
B Session Editor
B Finish

Puc.37. Konmponwv npasunvrocmu 3a0anus napamempos. Lllae 1

Scalar Parameters

EI AnSYS
2023R1

Items
EPS = 1.000000000E -05

STUDENT

JUN 29 2023
12:08:54

K =14

LAST  =13077

M =272384393
NALL =609
NMIN =170

R =1

ST = 300000000

Selection

Puc.38. Konmponw npasunvnocmu 3a0anus napamempos. Lllae 2



Jlanee BeiOupaem Bropoit Tum 3nemenTa MPC184: Preprocessor > Meshing >

Mesh Attributes > Default Attribs

Main Menu

& Preferences
e Preprocessor
Element Type
Real Constants
Material Props
Sections
Modeling
e Meshing
@ Mesh Attributes
[=]Default Attribs|
B All Keypoints
A Picked KPs
B All Lines
A Picked Lines
B All Areas
A Picked Areas
B All Volumes
A Picked Volumes
Volume Brick Orient
B MeshTool
Size Cntris
B Mesher Opts

m M annantanaba

ELEMENTS

Meshing Attributes

Default Attributes for Meshing

[TYPE] Element type number

2 MpCig4 -

[MAT] Material number

[+ o

[REAL] Real constant set number

None defined x.

[ESYS] Element coordinate sys

o

[SECNUM] Section number

OK

None defined h

Cancel Help

-

Ans

20,
STUDE

JUN 29
12:1

Puc.39. 3a0anue ampubymos.

CHoBa BbIOMpaEM TOYKH CEUEHUSI KOMaHIOM:

NSEL,S,LOC,Z,H

Jlanee coenuHseM MOCIEIHIO TOYKY ¢ MUHUMAJIBHOW KOMaH IO

E,LAST,NMIN

N co3paem BCIIOMOraresnbHyI0 NEPEMEHHYIO IS [IUKIIA:

NEXT=NMIN

Jlanee ¢ mOMOIIIBIO IPUBEACHHOTO HIDKE [IUKJIAa Ha3HavyaeM Bee y3inam MPC184:

*DO,1,0,(NALL-2)

*GET,NEXT,NODE,NEXT,NXTH

E,LAST,NEXT
*ENDDO

[Tocne nmukna Heobxonumo HanucaTh kKomanay ALLSEL



Co3nanue 3aKpenJieHui

Bribupaem ceuenue ais 3akperienus: NSEL,S,LOC,Z,0

3aTeM 3aKperuIsieM BCEe Y3JIbI IT0 BCEM CTETICHSIM CBOOOTBI. J1JIs TOTO TTepexoaum
B Preprocessor > Loads > Define loads > Apply > Structural > Displacement > On

nodes, B oTkpeiBiieMcs okHe HaxkumaeM PICK ALL, B mone LAB2 BeiOupaem ALL
DOF.

Main Menu 3|
2 Preprocessor 2| | woues Ans
Element Type I 202
Real Constants L STUDEI
@ Material Props Flpix Comooies e X
Sections .
Modeling oo =
Meshing - ¥g Circle
CheckingCtrls || | = |, il
Numbering Ctrls U . - i cexnEasaag],
@ Archive Model Ay, = ST LT
Coupling / Ceqn ~ Vode Yo = RN e S s s mas
= Loads . TR NN e
Ana|y5is Type Ve R
= Define Loads oo N NN N
Settings ] ) : )
a Apply :
e Structural i Bg L Bag g et D
@ [#splacement B Lo Ty
A0n Lines _Beses | _cences | tE T
ﬂ On Areas Pick All Help
2 0n Keypoints
Blon NodesJNR
Puc.40. Bvibop y3106 0151 3a0aHUsL SPAHUYHBIX Y CILOBULL
Main Menu ®|
2 Preprocessor ]| | ‘wooes Ans
Element Type 20z
Real Constants STUDE
Material Props JUN 29 :
Sections el
Modeling
Meshing
Checking Ctrls Apply U,ROT on Nodes [}
Numbering Ctrls [D] Apply Displacements (U,ROT) on Nodes
Archive Model Lab2 DOFs to be constrained All DOF
Coupling / Ceqn o | I O T V.2 (N A
e Loads j
Analysis Type |
@ Define Loads . Aeply “I . =
H onstant value then:
i:tgll;'gs VALUE Displacement value I:]
e Structural
a [Asplacement oK Cancel | Help |
2 0n Lines
A 0n Areas
2 0On Keypoints
AIONn Nodes B
M 1 ol

Puc.41. 3a0anue epanuunvix yciosuil



Co3nanue 3arpyxeHmii

3amaeM CcOCpemoTOUYECHHBII MOMEHT B BHJIEC CO3JaHHOW B Hadajie TaOJUIIB.
ITepexoqum B Preprocessor > Loads > Define loads > Apply > Structural >
Force/Moment > On Nodes, B oTKphIBIIIEMCS OKHE cTaBuM Mapkep Min, Max, Inc,

u B ntojie rumiem Last. Haxxumaem OK.

Main Menu ]

@ Preprocessor
Element Type
Real Constants
Material Props

»

Apply F/M on Nodes

Sections @ pick (" Unpick
Modeling @ isingre DL Box
Meshing € Polygon ( circle

Checking Ctris Eiocr
Numbering Ctrls Count = 0
@ Archive Model Maximum = 1€970
Coupling / Ceqn | B
a Loads Node No. =
Analysis Type € List of Items
e Define Loads @ Min, Max, Inc
= Settings
= Apply =

@ Structural
Displacement
e Force/Moment
2 0n Keypoints
7
B On Node Component B

Puc.42. Bvibop y3106 0151 npuniodxiceHus Hazpy3Ku



B cnenyromem oxune B crtpoke LAB BriOHMpaem

MZ, B ctpoke Apply as

BeIOMpaeM Existing table, nasxxumaem OK.

Main Menu

e Preprocessor
Element Type
Real Constants
Material Props
Sections
Modeling
Meshing
Checking Ctris
Numbering Ctrls
Archive Model
Coupling / Ceqn 1
e Loads

Analysis Type
e Define Loads
Settings
= Apply
& Structural
Displacement
e Force/Moment
2 0n Keypoints

0N Nodes|

. Apply F/M on Nodes
[F] Apply Force/Moment on Nodes

Lab Direction of force/mom IMZ vI
borly s isingue
If Constant value then: N
VALUE Force/moment value |:|
Apply | Cancel |

B On Node Component izl

Puc.43. Mento 3a0anus nazpysxu.

B crnenyromem okHe BeIOMpaeM co3gannyro Tadnuiyy. Haxxumaem OK.

Main Menu ®
= Preprocessor (=
= Element Type

Real Constants
Material Props
Sections
Modeling
Meshing
Checking Ctris
Numbering Ctrls
Archive Model
Coupling / Ceqn ]
e Loads
Analysis Type
e Define Loads
Settings
= Apply
e Structural
@ Displacement
e Force/Moment
2 0n Keypoints

On Nodes|

& On Node Component B
1

BS Apply F/M on Nodes

Apply Table Loads
Existing table

Cancel I

Puc.44. Bvibop mabnuysl 015 3a0anusi Ha2py3xu



Pemenue

[Tepexoaum B Solution > Analysis Type > Sol 'n Controls, B oTKpbIBIIIEMCsI OKHE

BBIOMpAEM CIICAYIONINE TApaMETPhI pacyera:

Solution Controls X

Basic l Transient ]Sol‘n Options] Nonlinear lAdvanced NL]

- Analysis Options Write Item’s to Results File
lSmaII Displacement Static - © All solution items
I~ Calculate prestress effects © Basic quantities
© User selected
Time Control Nodal DOF Solution -
,) Nodal Reaction Loads j
Time at end of loadstep |1 ERmen ol e
Automatic time stepping |Prog Chosen - e &
Frequency:
“ Number of substeps -
|Write every substep M

“ Time increment

where N = |1
Number of substeps 1
Max no. of substeps 1
Min no. of substeps 1

ok | Concel Help
Puc.45. Hacmpotiiku pewiamensi.
Haxxumaem OK. 3amyckaem pacuer. [lepexoaum B Solution > Solve > Current

LS, B oTkpriBIIEMCs OkHE Haxkumaem OK.

Main Menu o STAT
& Preferences 2l Fie
@ Preprocessor SOLUTION OPTIONS
@ Solution PROBLEN DIHENSIONALITY. . . . . . . . ... .. 3
2 DEGREES OF FREEDOH, . . . . . i w2 ROTK RoTY ROTZ
@ Analysis Type BRI IE ot s e e STRTIC (STERDY-STRTE)
= Define Loads HEUTON-RAPHSON OPTION . . . . . v . o o oo o s PROGRAH CHOSEN
GLOBALLY ASSENBLED HATRIX - . . © © o o o . . SYHETRIC

= Load Step Opts
SE Management (CMS)

LORD STEP OPTIONS

> LOAD STEP MUMBER. . . . . . v v oo e e v 1
B Results Tracking TIHE AT END OF THE LORD STEP. . .+ - - . . . . 1.0000
HUBBER OF SUBSTEPS. . . . . & .+ s s v v v 1
a Solve HRXIHU HUMBER OF EQUILIGRIUA TTERATIONS. . . . 15
STEP CHANGE BOUNDARY CONDITIONS . . . . . . . . DEFRULT
=lCurrent L TERHINRTE ANALYSIS IF HOT CONVERGED . . . . . . YES (EXIT)
: CONVERGENCE CONTROLS. . . .+ 2 v . o v oo o s ISE DEFAILTS
B From LS Files COPY INTEGRATION POINT VALUES T0'WaOE . © . . . VES, FOR ELEHENTS WITH
: ACTIVE HAT. HONLINERRITIES
@ Manual Rezoning PRINT UTPUTCOVRLS .+« e N0 PRINTOUT
= ADAMS Connection TTEN  FREQUENCY  CONPONENT
B Dlagn?stlcs H Solve Current Load Step X
& Unabridged Menu . i
General Postproc [SOLVE] Begin Solistion of Current Load Step

TimeHist Postpro
Radiation Opt

& Session Editor

& Finish

Review the summary information in the lister
window (entitled "/STATUS Command"), then &
press OK to start the solution.

Concel | Hep

E

Puc.46. 3anyck na pacuem.



[Tocne okOHYAaHUS TIEPBOTO pacyeTa, B TOM K€ OKHE, BRIOMpaeM MapaMeTphbl

AJIs1 BTOPOI'O pacdeTa, v 3allyCKAacM €ro Kak OIIMCaHO BBIIIC:

Solution Controls X
Basic ] Transient ]Sol'n Options} Nonlinear ]Advanced NL
Analysis Options Write Items to Results File
]Small Displacement Static M “ All solution items
" Calculate prestress effects © Basic quantities
© User selected
Time Control Nodal DOF Solution -
Nodal Reaction Loads j
Time at end of loadstep (1.3 Sl
Automatic time stepping ]Prog Chosen j S —_— =
Frequency:
“ Number of substeps -
|Write every substep -|

© Time increment

where N = |1
Number of substeps 10
Max no. of substeps 12
Min no. of substeps 8

ok | concel | Hep |

Puc.47. Hacmpoiiku pewiamens 0151 mopoco paciema

I[aJIee BBICTABJIAICM ITapaMCETPLI AJIS1 TPETHCT'O paCyCTa U 3allyCKAacM Cro:

ﬂ Solution Controls X
N
Basic ] Transient ]Sol'n Options] Nonlinear ]Advanced NL}
Analysis Options Write Items to Results File
|Small Displacement Static N @ All solution items
™ Calculate prestress effects ~ Basic quantities
© User selected
Time Control Nodal DOF Solution =
Nodal Reacliqn Loads :‘
Time at end of loadstep ~ [1.35 e
Automatic time stepping |Prog Chosen ~| ——— =
Frequency:
“ Number of substeps -
o |Write every substep M
Time step size 0.001
Minimum time step |0.001
Maximum time step 0.001
0K | Concel | Heb

Puc.48. Hacmpotixu pewiamens ons mpemve2o pacuema



BriBoa pe3y/ibTaTOB
I[JBI BBIBOJIAa PC3YyJIbTATOB H€06XOL[I/IMO BLI6paTB pe3yjibTaT B MOMCHT IICPCA
paspymenuem. [{ist atoro mepexoaum B General Postproc > Read Results > By pick,

3aTeM BBIOMpAEM MpeaociaeIHuil Habop u HaxkuMaeMm Read.

L8 0 LT VNIV SlT et dbed 3

Results File: kop15.rst %

Available Data Sets:

Set Time Load Step Substep Cumulative
28 1.3180 3 18 35
29 1.3190 3 19 36
30 1.3200 3 20 37
31 1.3210 3 21 38
32 1.3220 3 22 39
33 1.3230 3 23 40
34 1.3240 3 24 41
35 1.3250 3 25 42
36 1.3260 3 26 44
37 1.3270 3 27 45
38 1.3280 3 28 47
39 1.3290 3 29 49
40 1.3300 3 30 51
42 1.3500 3 999999 58

_ MNext_| Pre
Atana | R

Puc.49. Bvibop momenma nepeo paspyuieHuem 0is 8616004 pe3yibmamos

Taxxke ©HeoOxomumo mnponucath komanay RSYS,1 nans mnepexoxa B
MUJIUHAPUYECKYIO CHCTEMY KOOPJIMHAT B Pe3yJIbTaTax.

Janee nepexoaum B General Postproc > Plot Results > Countor Plot > Nodal
Solu, B oTkpeIBHIEMCST OKHE BbIOMpaem Stress > YZ Shear stress u HakumaeM

APPLY.



Contour Nodal Solution Data X
Item to be contoured

& Favorites
22 Nodal Solution
& DOF Solution
o Stress
@ X-Component of stress
@ Y-Component of stress
@ Z-Component of stress
@ XY Shear stress
@
@ XZ Shear stress
@ 1st Principal stress
@ 2nd Principal stress |

i =]

Undisplaced shape key

Undisplaced shape key |Deformed shape only M
Scale Factor Auto Calculated ~|[2.99118338103

Additional Options ®|

u I P | ~ 1 |

Puc.50. Bvibop nanpsiocenuii 015 661600a Ha 9KPaH

NODAL SOLUTION AI’ISYS
STEP=3 2023R1
SUB =31
TIME=1.331 STUDENT
sYz (aVG) JUN 29 2023
RSYS=1 13:16:28
DMX =.100295
SMX =.181E+09

A 4@ E—

0 .403E+08 .806E+08 .121E+09 .161E+09

.201E+08 .604E+08 .101E+09 .141E+09 .181E+09

Puc.51. Omobpasicenue uzononeil Hansaxicenutl




Hamnee, B ToM e okHe Contour Nodal Solution Data Beioupaem Plastic Strain

> von Mises plastic strain u naxxumaem APPLY.

Contour Nodal Solution Data
Item to be contoured

& Plastic Strain

@ X-Component of plastic strain
@ Y-Component of plastic strain
@ Z-Component of plastic strain
@ XY Shear plastic strain

@ YZ Shear plastic strain

@ XZ Shear plastic strain

@ 1st Principal plastic strain

@ 2nd Principal plastic strain

@ 3rd Principal plastic strain

@ Plastic strain intensit
L=dvon Mises plastic strain
=

Undisplaced shape key

Undisplaced shape key |Deformed shape only

Scale Factor

Additional Options

Puc.52. Bvibop deghopmayuii 0151 6vi600a Ha IKpau

X

B

N
-l
2l
M
Auto Calculated ~|[2.99118338103

Sl
=0 | I R I

NODAL SOLUTION

STEP=3

SUB =31
TIME=1.331
EPPLYZ (BVG)
RSYS=1

DMX =.100295
SMX =.014218

STUDENT

0 .00316 .0063159
.00158 .004739%

.009479
.007899

012638
.0110S8

Ansys

2023R1

JUN 29 2023
13:17:47

.014218

Puc.53. Omobpasicenue uzononeii deghopmayuti



Temepr oTOOpasuM rpaduK H3MEHCHHS KacaTelbHBIX HAMpsSHKEHHH BO
Bpemenn. Ilepexoaum B TimeHist PoStpro, B oTKpsIBIIEMCSl OKHE Ha)KMMaeM Ha
3Ha4oK “‘+” B yieBoM BepxHeMm yriny (add data). B cimemyromem okHe BHIOMpaeM
Plastic Strain > YZ Shear plastic strain, naxxumaem OK, nanee BoifeisseM J00YIO

TOYKY cedyeHus U Haxkumaem OK.

s s s s e T v e i e Yo

POST26 Variable List
R Add Time-History Variable X ht |Node 1Result Item
Result Item Time
(x1044-2| : : ed 4771 YZ Shear pla
. & Plastic Strain &
' @ X-Component of plastic strain o
4 @ Y-Component of plastic strain
2 @ Z-Component of plastic strain N =[ansol(4771 EPPL,YZ
ol 3 @ XY Shear plastic strain
1 hoor o 0 =~
-2 1| 2] Ii
VALU _ ,
. Result Item Properties I e
Variable Name [EPPLYZ_3 N - 8
-1 The force results are the [total forces =
-1l ok | sy | comel | Hep | LOG 4 5
1 U Tero Tiew TIT T
o 13 INS MEM SQRT
ABS | ATAN xh2 1 2
INT1 IMAG

Puc.54. Oxkno nacmpoex napamempos 0jisi 8618004 epapuxa
Jlnsa otoOpaxenus rpaduka Haxumaem Graph Data (uxonka ¢ rpadukom

cJieBa BBEPXY).

Ansys

2023R1
STUDENT

(x10**-2) JUN 29 2023
13:18:25

Puc.55. I' pagpux usmenenus kacamenvbHulX HANPANCEHULL 80 BpEMEHU



3ak/JIo4eHue

B pabGore Obl1 mpoBemeH pacd€r ko3 GUIMEHTAa 3amaca MPOYHOCTH
KPYTOBOTO CTEpXHS TPHU YINPYro-TUIACTUYECKOM KPYYCHHH JBYMS CIIOCOOAMH:
AHAJTMTHYCCKMM W YHCJICHHBIM. B cilyyae aHaJIMTHYECKOTO pPCIICHHE 3HAYCHUE
koadumrenTa pasuo 1.333, npu uncnennom moaemmpoBanuu B [TK Ansys — 1.331.

HOI‘pCIHHOCTI) YUCJICHHOTO PCIICHUA COCTABJIACT!

|1.331 — 1.333] . 100% = 0.15%
1.333
Koa nporpammsli
FINISH
/ICLEAR
/PREP7 ! BXO/ B MPENPOIIECCOp

! 3agaHne UCXOAHBIX JTaHHBIX

EPS = 1E-5

R=1

H=6

K=14 I mapametp "Bpemenu"

ST = 300E6 ! mpenen macTHIHOCTH 1Mo Musecy
M = ((ST*3.1415*R**3)/2)/1.73 ! mpeaenbHBI MOMECHT

| Co3manne TabIuIIbl HATPY30K
*DIM,LOAD_Q,TABLE,3,1,1, TIME
LOAD_Q(1,0)=0.0,1,k
LOAD_Q(1,1)=M,M,K*M



! 3a1aHKe MapaMeTPOB MaTepHaa

ET,1,186

ET,2,184,1,0

MP,EX,1,2E11

MP,PRXY,1,0.3

TB,BISO,1 ! OMJIMHENHBIN N30TPOIHBII

TBDATA,,ST,0 ! mpeien MIaCTUYHOCTH U TAaHT€HITUAIbHBIA MOTYJIh

| Co3nanue reoMmeTpun

CYLIND,R,0,0,H,0,90

| pa3bueHne ceTku
ESIZE,(R/20)*5
LSEL,S,LOC,Z,H/2
LESIZE,ALL,,,20
MSHKEY,1
VMESH,ALL

I cuMMeTpuuHOE KommrpoBaHue mo X, Y
VSYM,X,ALL,,,,0,0
VSYM,Y,ALL,,,,0,0

NUMMRG,ALL

ALLSEL

NSEL,S,LOC,Z,H ! BEIOOp TOYEK CeUCHUS

*GET,NALL,NODE,0,COUNT ! KOJIMYECTBO TOYEK B CEUECHUU



*GET,NMIN,NODE,0,NUM,MIN ! MUHUMAaNBHBIN HOMEP TOYKH
ALLSEL

*GET,LAST,NODE,0,NUM,MAX ! MaKCUMaJIbHBIA HOMEP
N,(LAST+1),0,0,H ! co3maHue TOYKHU IS 3aJaHUsI MOMEHTA
*GET,LAST,NODE,0,NUM,MAX ! mosrydeHue HoMepa MmocieIHeH TOYKH
TYPE,?2 ! BBIOOD 2 THIA

NSEL,S,LOC,ZH ! BBLIOOp TOYEK CEUCHUSI
E,LAST,NMIN ! Ha3HAYEHME FJIIEMEHTA 2 TUIIa MEXIY Y3JI1aMU
NEXT = NMIN ! mepeoOo3HaUCHUE TIEPEMEHHOM JIJIS ITUKIIA

! IIUKJI CO3JaHHUA DJICMCHTA 2 THUIIA MCXKIY BCCMHU Y3JIaMH CCUCHUA
*DO,1,0,(NALL-2)

*GET,NEXT,NODE,NEXT,NXTH

E,LAST,NEXT

*ENDDO

ALLSEL



I Co3nanue 3aKkpernieHui
NSEL,S,LOC,Z,0
D,ALL,ALL

ALLSEL

! co3manme cOCPeTOTOUCHHOTO MOMEHTA B BUJIE TAOIUIIBI

F,LAST,MZ,%LOAD_Q%

! pemieHue

/SOLU

ANTYPE,O

TIME,1 ! Bpems

NSUBST,1,1,1 | KOIMYEeCTBO UTEpaIuii, cpeaHee/MaKCUMaIbHOS/MUHUMATBHOE

OUTRES,ERASE
OUTRES,ALL,1
SOLVE

TIME,1.3
NSUBST,10,12,8
OUTRES,ERASE
OUTRES,ALL,1
SOLVE

TIME,1.35
DELTIM,0.001,0.001,0.001
OUTRES,ERASE
OUTRES,ALL,1

SOLVE

| BBIBOJI pE3YJIBTATOB

! mar o BpeMeHu



IIpakTnyeckas padora Ne3

Yupyro-niacruyeckoe COCTOSTHHE TOJICTOCTEHHOH TPYObI

MeTozmquKne YKa3aHuA K BbINNOJIHCHHUTO HpaKTquCKOﬁ paﬁoTbl 3

Jns co3manust pacuéTHOW Mojenu OyJeM HCIOJb30BaTh Iperporieccop ANSYS
Mechanical APDL.

ITocne 3anmycka APDL mosiBUTCSI OKHO:

File Profiles Options Tools Links Help

Simulation Environment:
ANSYS | v |
License:

Ansys Mechanical Enterprise

) Show Legacy Licenses

Customization/ High Performance
Preferences Computing Setup

Working Directory:

Job Name:

Puc. 1. Oxno s3anycka npoepammnozo xomniexca ANSYS Mechanical



Psmom ¢ okaom Working Directory Haxxate KHONIKy «Browse...» u BeIOpaTh
CBOIO pabouyto aupekToputo. B stoit nupexkropun ANSYS Oyner coxpaHsiTh Bce
daitnbl. Jlupexropus 1omKHA OBITH CO31aHa 3apaHee. B nMeHax TUpEeKTOpUH U My TH
K TUPEKTOPHUH JIOMYCKAIOTCS TOJBKO JIATHHCKKUE OYKBBI. Psijiom ¢ okHom Job Name

3ajaeM uMs (Qaia.

Bl Ansys Mechanical Enterprise Utility Menu (dkkdv,

File Select List Plot PlotCtris WorkPlane Parameters Macro MenuCtris Help

NECECKI BRI
Toolbar

SAVE_DB| RESUM_DB| QUIT| POWRGRPH

Main Menu ®|

El Preferences 3 ponEs Ansys
@ Preprocessor 2023R1

@ Solution JuN 22 2023
@ General Postproc el S
@ TimeHist Postpro
@ Radiation Opt

= Session Editor

= Finish

Puc.2. Pabouee okno npoepammmnozo komniexca ANSYS Mechanical



Brimonnum pacuér ko3 duirienta 3anaca mpoYHOCTH TOJICTOCTEHHOMN TPYOBbI
IpU YIIPYTO-IUTACTHYECKOM COCTOSTHUH JUTMHOH | 1 paguycamu a u b (BHyTpeHHHMI

Y BHEIIHUI COOTBETCTBEHHO) PacuéTHas cxeMa uMeeT ClIeIyommuii BUI: +

Puc.3. Cxema moacmocmennoti mpyowi

Hcxoonvie dannvie:
— MIOTIEPEYHOE CEUYCHUE TPYOBl — Kpyrioe (BHyTpeHHui paanyc Ry = 0.5
M, BHEIIHUM paauyc Ry = 1 m);
—  XapaKTepUCTHKU MaTepuai 6ajku: Moayib ynpyroctd E = 2-10M Ia,
xodduuent Iyaccona v = 0.3, npenen mnactuunocty oy = 300 - 10° Ia;
- PaBHOMEPHO pacIpeieleHHast Harpy3Kd N0 BHYTPEHHEW MOBEPXHOCTU

TPYOBL.



AHaJIUTHYECKOE pPellIeHue

Ppa3p
OtHomieane f = ~p.  XApaKTepu3yeT 3amac MPOYHOCTH OaJloK 10
T

OTHOIICHUIO K COCTOSAHUIO, IIPU KOTOPOM B OaJIKe BOSHUKAIOT IICPBLIC IINTACTUYCCKUC

nedhopmaruu, rae

p. — or(b?-a?)
T — \/§b2 1

__ 207 b

Ppa3p = ﬁln Z’
CraenoBaTelibHO,

207 ,.b

gt 5 g

P GT(bz_az) !
V3b?

Pemenue ¢ momomnbro Ansys Mechanical APDL
Co3nanne Ta0JIUIbI HATPY3OK.
Harpysky Oyzaem 3agaBaTh Ha OCHOBE nuarpammbl [Ipanatis:

Utility menu > Parameters > Array parameters > Define/Edit

¥ Ansys Mechanical Enterprise Utility Menu (plastsquare)
File Select List Plot PlotCirls WorkPlane Parameters Macro MenuCtrls Help

Dz 8 8 & 2 g|— Scalar Parameters .. ‘ EIEIE

Get Scalar Data .

Toolbar
Array Parameters *| Define/Edit ..

SAVE_DB| RESUM_DB| QuiT| Powrcrp RN SCR = N

= | = ]Q—J Get Array Data ... Fill W
Main Menu ¢ Array Operations *|  Read FromFile ..
Preferences Functions WritetoFile ...
Preprocessor
Solution Angular Units ...
General Postproc
TimeHist Postpro Save Parameters ... I
Radiation Opt Restore Parameters ...
Session Editor
B Finish

Puc.4. Cozoanue mabauyvt nacpy3ox



B otkpreiBmemcs okae Array Parameters maxnmaem kaonky Add

Select List Plot PlotCtrls WorkPlane Parameters Macro MenuCtris Help

N Array Paremeters
Currently Defined Array Parameters: (Arrays larger than 3D not shown)

Parameter Type Dimensions Var1 Var2 Var3
INONE DEFINED

Add... Edit
4]
Close Help
_I

Puc.5. Oxno Array Parameters
B OTKpBIBIIEMCS OKHE YKa3hIBAEM:
— HasBanwue ta6bmumpl (Parameter Name) — Load_Q
— Tun Tabauer (Parameter Type) — Table
KonuuecTBo cTpok, cronbdios, psaos (No. of rows, cols, planes) - 3,1,1

CrpoxoBas nepemenHas (Varl Row variable) — Time

Currently Defined Array Parameters: (Arrays larger than 3D not shown)
Parameter Type Dimensions Var1 Var2 Var3
NONE DEFINED

B Add New Array Parameter

['DIM]
Par  Parameter name Load Q

Type Parameter type

€ Character Array
Add... 11K No. of rows,cols,planes [ IE IE |

For Type="TABLE" only:
Varl Row Variable N Time
' e |
Giose Ver2 Column Variable ] o

Var3 Plane Variable

T

oK Apply | Cancel | Help

Puc.6. Oxno Add New Array Parameter



Bo Bxianke Array Parameters maxumaem kHonky Edit. B oTkpbiBiiemcs

OKHC 3aIIOJIHACM JaHHBIC Ta6J'II/IIIBI (I/IBMCHGHI/IC HArpys3kKu Co BpeMCHeM):

)| B

\ Currently Defined Array Parameters: (Arrays larger than 3D not shown)

= Parameter Type Dimensions Var1
Ll OAD Q table 3x:1 TIME
r

r

¢ Table Array: LOAD_Q = f(TIME)

it File Help

i Page Increment m A‘

<

¢ <4 )

il ﬂ

N

7.889¢-31
0 130057803
I
1.8

TIME 130057803

5 240606936

ﬂ ; Edit

Az

Puc.7. Okno Table Array

3arem nHaxxumaem File > Apply/Quit u 3akpeiBacm okHO Array Parameters.

3aaHue 3J1eMEHTOB U MX IAPAMETPOB
B Main Menu niepexoaum B Preprocessor > Element Type > Add/Edit/Delete

B oTKphIBIIeMcst okHe (Element type) naxumaem kHonky Add:

SAVE_DB| RESUM_DB| QUIT| POWRGRPH|

Main Menu L
MainMenu |

B Preferences 1N Element Types -
& Preprocessor

8 Element Type
I=IAdd/EditDeletel Defined Element Types:

B Switch Elem Type INONE DEFINED
B Add DOF
B Remove DOFs

E Elem Tech Control

& Real Constants

@ Material Props

@ Sections

= Modeling N

@ Meshing

@ Checking Ctris

@ Numbering Ctris

& Archive Model

& Coupling / Cegn

@ Loads

@ Path Operations
Solution y X
@ General Postproc Add |
@ TimeHist Postpro —
Radiation Opt

E Session Editor
E Finish Close Help

Options | Delete ‘

Puc.8. Oxno Element type



B otkpeiBmiemMcs okHe B Oubamoreke anementoB (Library of element types)

BeiOupaem Solid — 20 node 186.

_Main Menu
5 Preferences
& Preprocessor
& Element Type

[=]JAdd/Edit/Delet:
B Switch Elem Type

& Add DOF

B Remove DOFs
& Elem Tech Control

& Real Constants
& Material Props
& Sections
& Modeling
& Meshing
@ Checking Ctris
& Numbering Ctris
@ Archive Model
& Coupling / Ceqn
& Loads
@ Path Operations
& Solution
& General Postproc
@ TimeHist Postpro
@ Radiation Opt
& Session Editor
E Finish

@ll

Defined Element Types

INONE DEFINED

I Library of Element Types

Library of Element Types Structural Mass
Add. | of

o Shell
Close

Element type reference number 1

oK Apply Cancel

Help

Puc.9. Oxno Library of Element type

Howmep tuna snementa (element type reference number) — 1, naxxumaem OK.

3akpeiBaeM okHO Element type.

B mpenpoueccope mepexomum B Material Props > Material models. B

OTKphIBIIEMCSI OKHe BbiOuWpaem: Structural > Nonlinear > Inelastic > Rate

independent > Isotropic Hardening Plasticity > Mises Plasticity > Bilinear.

SAVE_DB| RESUM_DB| QuiT| POWRGRPH|

Main Menu

|

= Preferences
B Preprocessor
@ Element Type
© Real Constants
& Material Props
@ Material Library
B Temperature Units
& Electromag Units
]
B Convert ALPx
B Change Mat Num
& Failure Criteria
& Write to File
E Read from File
@ Sections
& Modeling
Meshing
@ Checking Ctris
@ Numbering Ctris
& Archive Model
Coupling/ Cegn
& Loads
@ Path Operations
& Solution
@ General Postproc
@ TimeHist Postpro
@ Radiation Opt
£ Session Editor
= Finish

[

[N Define Material Model Behavior - o X
Material Edit Favorite Help

Material Models Defined

[P Material Model Number 1[I

Material Models Available

@ Favorites
8 Structural
& Linear
@ Nonlinear
(@ Elastic
o8 Inelastic
@ Plasticity Curve Fitting
&8 Rate Independent
o8 Isotropic Hardening Plastic
@8 Mises Plasticity
8
@ Mudkilinanr
K| | s | 2|

| —

|

Puc.10. 3a0anue mamepuana. Illae 1



B otkpeiBeMcs npenynpexaeHuu HaxumaeM OK, manee B OTKpbIBIIEMCS

okHe 3amaeM wmoayib ynpyroctu (EX=2ell) u xosddumment Ilyaccona

(PRXY=0.3). Haxxumaem OK.

3|

Main Menu

B Preferences |

B Preprocessor | NODES
& Element Type n
& Real Constants Matesial Edt Favorite Help

& Material Props
@ Material Library

Material Models Defined

Material Models Available

g grgz:’;::‘g'%ﬂ;:s E-AMaterial Model Number 1 = @ Nonlinear 1]
[ElMaterial Models s E':I?;c
B Convert ALPx
& Change Mat Num @ Plasticity Curve Fitting
@ Failure Criteria 8 Rate Independent
B Write to File O : o LS = "3 Isgroplc Hardening Plasticity
d inear Isotropic Properties for Material Number Mises Plasticity
& Read from File
@ Sections & 8
Modeling Linear Isotropic Material Properties for Material Number 1 @ Muttilinear
& Meshing € Nonlinear
& Checking Ctris T @ Hill Plasticity
& Numbering Ctris 1 @ Ranaraliznd Anicateanie Lill Datantial -
@ Archive Model Temperatures 2 |
Coupling / Cegn EX 2e11 i
2 Loads | PRXY 03
Path Operations
@ Solution

& General Postproc
@ TimeHist Postpro
& Radiation Opt

[ Session Editor

B Finish

Add Temperature | Delete Temperalure|

Graph I

ok |

Cancel Hep |

Puc.11. 3a0anue mamepuana. Illae 2

Jlanee B OTKpBIBIIEMCS OKHE 331aeM Ipejen miactuaHocT o Musecy (Yield

Stss=300e6) u TanrennuaibHbIi Moayss (Tang Mode=0). Haxxumaem OK.

Main Menu

El Preferences
B Preprocessor
@ Element Type
& Real Constants
& Material Props
& Material Library

1
I NODES

Material Edit Favorite Help

Material Models Defined

~ Material Models Available

B Temperature Uplts @ -l & Nonlinear |
& Electromag Units @ Elastic
Clwateria Modeis e
B Convert ALPx
B Change Mat Num ¥ Bilinear Isotropic Hardening for Material Number 1 X
@ Failure Criteria I}
B Write to File Plasticity
B Read from File Bilinear Isotropic Hardening for Material Number 1 v
@ Sections
Modeling T
@ Meshing T S
@ Checking Ctrls Temperature
@ Numbering Ctrls Yield Stss 300eq i Lill Datanfing =
@ Archive Model - | |7ang Mod Y 2

& Coupling / Cegn
@ Loads
Path Operations
@ Solution
@ General Postproc
TimeHist Postpro
@ Radiation Opt
B Session Editor
E Finish

Add Temperature | Delete Temperature

Graph

Add Row| Delete Row|

ok | camee | Hep |

Puc.12. 3a0anue mamepuana. Illae 3



3aganue reomeTpumn

Coznaem yeTBepTh LUIUHApPA (YOOOHO aiisg pa3OMBKHU ceTku). s 3Toro

nepexoauM B Preprocessor > Modeling > Create > Volumes > Cylind > By

dimensions. B oTkpbIBIIEMCsl OKHE TIPOIKMCHIBACM MAapPaMETPHhI:

RAD1-0.5
RAD2 -1
Z1-0

Z2-5
THETA1-0
THETA2 - 90

Main Menu

®|

&= Preferen

e Preprocessor

Eleme

Real Constants
Material Props
= Sections

8 Model
e Cre

@ Keypoints

ces —

nt Type

ing
ate

® Lines
Areas
8 Volumes

@ Arbitrary
= Block
e Cylinder
A Solid Cylinder
A Hollow Cylinder
2 Partial Cylinder
By EndPts & Z
5
@ Prism
@ Sphere &

Puc.13. Cozoanue o6vemnozo mena no napamempam

NODES

B Create Cylinder by Dimensions

[CYLIND] Create Cylinder by Dimensions
RAD1 Outer radius

RAD2 Optional inner radius
21,22 Z-coordinates

THETA1 Starting angle (degrees)
THETA2 Ending angle (degrees)

OK Apply

[I-

o

©

Il

Cancel I

Help |

Ans

STUDE

JUN 28 |
14:4.




VOLUMES Ansys
2023 R1

TYPE NUM

STUDENT

JUN 28 2023
14:42:32

Puc.14. I'eomempuueckasn mooens




Pa30ouBKa ceTKH

Ha mepBom miare pazbuBaeM ceTKy OOBEMHBIMH AJIEMEHTaMH, I 3TOTO
nepexoauM B Preprocessor > Meshing > Mesh Attributes > Default Attribs. Jlanee,

B OTKPBIBIIEMCSI OKHE, B CTpoke Type, BeiOupaem 1 tum snementa (Solid 186).

Haxumaem OK.

Preferences
B Preprocessor
Element Type
Real Constants
Material Props
Sections
Modeling
B Meshing
B Mesh Attributes
All Keypoints
2 Picked KPs
All Lines
A Picked Lines
E All Areas
A Picked Areas
All Volumes
A Picked Volumes
Volume Brick Orient
MeshTool
Size Cntris
Mesher Opts
Concatenate
Mesh
Modify Mesh
Check Mesh
Clear
Checking Ctris
Numbering Ctrls
Archive Model
Coupling / Ceqn
Loads
Path Operations
Solution
General Postproc
TimeHist Postpro
Radiation Opt
Session Editor

VOLUMES
TYPE NUM

B Meshing Attributes

Default Attributes for Meshing

[TYPE] Element type number 1 SOLID186 -
[MAT] Material number R -

[REAL] Real constant set number None defined -
[ESYS] Element coordinate sys 0 -

[SECNUM] Section number

OK

Cancel

None defined v

Help

Puc.15. 3a0anue ampubymos

Ha cnenyromem mare 3amaeM pasMep 3J€MEHTOB. {1 3TOro nepexoaum B
Preprocessor > Meshing > Size Cntrls > Manualsize > Global > Size, B

OTKphIBIIEMCSI OKHE B cTpoke Size numiem 0.04. Haxxumaem OK.



Main Menu ®|

&= Preferences =
e Preprocessor
@ Element Type
@ Real Constants
@ Material Props
= Sections
Modeling
= Meshing
@ Mesh Attributes
B MeshTool
e Size Cntrls
® SmartSize
e ManualSize
a Global
C]Size
B Area Cntrls
& Volu Cntrls
& Other
® Areas
@ Lines
@ Keypoints
@ Layers

S SRR FESTY 7 SN ‘

Ans

TYPE NUM 202

STUDE

JUN 28 {
14:4!

VOLUMES

. Global Element Sizes

[ESIZE] Global element sizes and divisions (applies only k
to “unsized" lines)
SIZE Element edge length lo,u |

e

NDIV No. of element divisions -

- (used only if element edge length, SIZE, is blank or zero)

Puc.16. 3a0anue pasmepa koneunvix s1emenmos

Jlanee BbIOMpaeM HEOOXOAUMBIC JTUHUU TIO JIJIMHE, JJIS 3TOTO MPOMKUCHIBAEM

cnenyromyio komauay: LSEL,S,LOC,Z,H/2

LINES
TYPE NUM

Ansys
2023 R1
STUDENT

JUN 28 2023
14:47:16

Puc.17. Bvibop nunuii 015 HasHaverus pazmepa KOHeUHbIX 3J1eMeHMO8



Jlanee 3amaeM KOJIMYECTBO JJIEMEHTOB IO BBIOPAHHBIM JUHUSAM, JJISI 3TOTO
nepexoaum B Preprocessor > Meshing > Size Cntrls > Manualsize > Lines > All

lines, B oTkpeiBIeMcst okae B cTpoke Ndiv mumewm 5. Haxumaem OK.

Main Menu

®|

= Preferences
e Preprocessor
Element Type
Real Constants
Material Props
Sections
Modeling
8 Meshing
Mesh Attributes
B MeshTool
8 Size Cntris
SmartSize
@ ManualSize
Global
= Areas
e Lines
=]All Line
A Picked Lines
A Copy Divs
2 Flip Bias
A ClIr Size
Keypoints
Lavers

Pa3buBaem o0beM 3aaHHBIMU dJIeMeHTamMu. J1Jist aToro nepexoauMm B Preprocessor

> Meshing > Mesh > Volumes > Mapped > 4 to 6 sided, B oTkpbIBIIEMCS] OKHE

nHaxxumaeM Pick all.

LINES
TYPE NUM

Element Sizes on All Selected Lines

[LESIZE] Element sizes on all selected lines
SIZE Element edge length

NDIV  No. of element divisions

(NDIV is used only if SIZE is blank or zero)
KYNDIV SIZE,NDIV can be changed

SPACE Spacing ratio

1.

v Yes

D

Show more options

OK Cancel

Help

NAns
20:

STUDE

JUN 28
14:4

Puc.18. Haznauenue xonuuecmea

Main Menu ®|
Element Type Zl| | vves Ans
Real Constants TEPE HOM 20:
Material Props STUDE
Sections Mesh Volumes JUN 28 :
Modeling > ‘ 1 14:4
& Meshing S "
Mesh Attributes @ single (" Box
2 MeshTool : Polygon (* Circle
Size Cntris
& Mesher Opts Count = 0
Concatenate RS e
2 Mesh o g M
Volu No. =
7 Keypoints ]
A Lines @ List of Items
Areas € Min, Max, Inc e
e Volumes I . ~
& Mapped - -
P4 to 6 sided —
Concatenate 2R3y I
Del Concats Reset Cancel
A Free Pick All Help
Volume Sweep
m Tet Mech Fram |

Puc.19. Omobpasicenue pasmemku 6yoywux KO Ha blOpaHHbIX TUHUSX



ELEMENTS

Ansys
2023R1
STUDENT

JUN 28 2023
14:50:56

L
T,
(7
R
'il',)gl,'(li,
L/ <)
K

Puc.20. KD—-mooens
Jlanee HEOOXOAMMO CHUMMETPUYHO KOTTMPOBATH HAITy MOAENIb 110 X u Y. /[ 3Toro
nepexoaum B Preprocessor > Modeling > Reflect > Volumes, B oTkpbIBIIEMCSI OKHE

HaxkumaeMm Pick all. B cinenyromem oxxe Beioupaem Y-Z plane (X) u naxumaem OK.

Amnanornyno xormpyem o X-Z plane (Y).

Main Menu ®|

&= Preferences t
& Preprocessor
Element Type
Real Constants
@ Material Props
@ Sections
@ Modeling
Create
Operate
Move / Modify
@ Copy
e Reflect
2 Keypoints
A Lines
2 Areas
4V olumes
2 Nodes
Elements
Check Geom
@ Delete
@ Cyclic Sector
@ CMS

HE (Ranl nlana etrn £

ELEMENTS

Ans

2
STUDE!

Reflect Volumes L}

Volu No. =

( List of Items

 Min, Max, Inc

|

Reset Cancel
Pick All Help

@ pick (" Unpick
(¢ single " Box
€ Polygon (~ circle
-

Count = 0
Maximum =

Minimum =

o]t

28 2

14:50

Puc.21. Bvibop 06bemo8 01151 «Om3epKaiusanusy



Main Menu ®|

B Preferences -
e Preprocessor

Element Type
Real Constants
= Material Props
Sections
& Modeling
Create
Operate
Move / Modify
Copy
2 Reflect
2 Keypoints
A Lines
A Areas
A
A Nodes
Elements
Check Geom
Delete
Cyclic Sector
CcMS

A Ganl nlane etrn = |

ELEMENTS

Reflect Volumes

[VSYMM] Reflect Volumes
Ncomp Plane of symmetry

& Y-Zplane X
(" X-Zplane Y

" X-Yplane Z
KINC Keypoint increment l:l
NOELEM Items to be reflected ]Volumes and mesh 3
IMOVE Existing volumes will be Copied v
OK Apply Cancel | Help I

Ans
20z

STUDE
JUN 28 :
14:5¢

Puc.22. Hacmpoiika onepayuu «omsepkanusanusy. Illaz 1

ELEMENTS

Ansys
2023 R1
STUDENT

JUN 28 2023
14:52:47

I

Puc.23. Pezynomam «omsepranusanusny. [llae 1



Main Menu

B Preferences
e Preprocessor
Element Type
Real Constants
Material Props
Sections
& Modeling
Create
Operate
@ Move / Modify
Copy
@ Reflect
A Keypoints
A Lines
A Areas
A
A Nodes
Elements
Check Geom
Delete
Cyclic Sector
CMS

B Ranl nlana ctrn

ELEMENTS

Ans
20z

STUDE

JUN 28 |

H Reflect Volumes

[VSYMM] Reflect Volumes
Ncomp Plane of symmetry

" Y-Zplane X

14:5;

" X-Yplane Z
KINC Keypoint increment ‘:]
NOELEM Items to be reflected |Volumes and mesh j
IMOVE  Existing volumes will be Copied v
oK Apply Cancel | Help |

Puc.24. Hacmpoiika onepayuu «omsepkanusanusy. lllaz 2

ELEMENTS

STUDENT

Ansys

2023R1

JUN 28 2023
14:54:22

Puc.25. Pezynomam «omsepxanruganusny. [llae 2



Tenepr HeoOXonuMO OOBEIUHUTH MOAEIL B enuHOe Lenoe. Jus 3Toro

nepexoauM B Preprocessor > Numbering Ctrls > Merge items, B oTKpbIBIIEMCS

okHe B cTpoke Label Beioupaem All u naxxumaem OK.

Main Menu

®|

& Preferences
= Preprocessor
Element Type
Real Constants
Material Props
Sections
Modeling
Meshing
Checking Ctris
& Numbering Ctris
=
B Compress Numbers
B Set Start Number
B Reset Start Num
B Start Num Status
B Add Num Offset
Archive Model
Coupling / Ceqn
Loads
Path Operations
Solution
General Postproc
TimeHist Postpro

ELEMENTS

Merge Coincident or Equivalently Defined ltems

Label Type of item to be merge
TOLER Range of coincidence
GTOLER Solid model tolerance

ACTION Merge items or select?

SWITCH Retain lowest/highest?

oK Apply |

[NUMMRG] Merge Coincident or Equivalently Defined Items

N
TR |
L]
[ ]
¢ Merge items

(" Select w/o merge

LOWest number e

Cancel | Help [

TC

Puc.26. Hacmpotixu napamempos onepayuu « CKieuxkuy.

Cozpanue 3aKpenJieHui

Jlns co3maHus 3aKperyieHHd BbhIOMpaeM HEOOXOIWMBIC MOBEPXHOCTH, IS

9TOTO 6I>ICTpee BCCT'O HAIIMCATh CIICAYIOINHUC KOMAaH/bI B KOMaHI[HOﬁ CTPOKC:

ASEL,S,LOC,X,0

Jlanee 3agaeM 3aKpEIICHHUS] 3TUM MOBEPXHOCTAM. /(s 3TOro mepexoaum B

Preprocessor > Loads > Define loads > Apply > Structural > Displacement > On

Areas, B oTkpeiBIIeMcsl OKHe HaxxumaeM Pick All, B cienyromem okHe BhIOHpacM

UY u gaxxnmaem OK.



Main Menu @l

3 Preferences S]] | AREAS

2 Preprocessor TYPE NUM
@ Element Type
@ Real Constants Apply UROT on Areas

@ Material Props
Sections

@ pick (" Unpick

@ Modeling : . CE

@ Meshing - L:D:qon " circle
@ Checking Ctrls

@ Numbering Ctrls L o

= Archive Model Minimum = 1

@ Coupling / Ceqn
e Loads
Analysis Type
e Define Loads
Settings
@ Apply
a Structural
e Displacement
2 0n Lines Reset Cancel
A Pick All|  Help

2 0n Keypoints 5

(% List of Items

(" Min, Max, Inc

Ans
202

STUDE

JUN 28 |
14:51

Puc.27. Bvibop nosepxnocmeti onsa 3axpennenus. lllae 1

AREAS
TYPE NUM

Ansys

2023R1

Apply UROT on Areas

[DA] Apply Displacements (U,ROT) on Areas
Lab2 DOFs to be constrained

Apply as

If Constant value then:

VALUE Displacement value

OK Apply

IConstant value LI

STUDENT

JUN 28 2023
14:56:35

Puc.28. 3akpennenue eviopannvix nosepxnocmeii. [llae 1



Jlamee aHaJOTMYHO BHIOMpPAaEM M 3aKpEIUIieM JApyrue IMOBEPXHOCTH U3

YCIIOBUA CUMMCETPHUH.

Komanna Be16opa:
ASEL,S,LOC,Y,0

3akpernisieM NOBepXHOCTH 10 Y (aHAJTOTMYHO PACCMOTPEHHOMY BBIIIIE):

Main Menu 3|

3 Preferences =
2 Preprocessor

@ Element Type
Real Constants
Material Props
@ Sections
= Modeling
@ Meshing
Checking Ctrls
Numbering Ctrls
Archive Model
@ Coupling / Ceqn
e Loads

@ Analysis Type

e Define Loads

@ Settings
@ Apply
e Structural
e Displacement
ZA0n Lines

a{On Areas

AREAS
TYPE NUM

Apply UROT on Areas

@ pick " Unpick

(¢ Single € Box

(" Polygom (" circle
C Loop
Count = 0

= 20
Minimum = 1
(@ List of Items

 Min, Max, Inc

|

o] s
Reset Cancel

Pick All Help

2 0n Keypoints B

-
-

Ans
202

STUDE
JUN 28
14:5¢

Puc.29. Bvibop nosepxnocmeii ons saxpenienus. lllae 2

AREAS
TYPE NUM

Ansys

2023R1

Apply as

oK

Apply UROT on Areas

[DA] Apply Displacements (U,ROT) on Areas
Lab2 DOFs to be constrained

If Constant value then:

VALUE Displacement value

Apply

(AIDOF |
UX
Uy
vz

[Constant value

H

Cancel I

Help |

E

STUDENT

JUN 28 2023
14:56:35

Puc.30. 3axpennenue svibpannvix nosepxnocmei. lllae 2



Jlanee BeIOMpaeM CIeAYIONIYI0 TOBEPXHOCTh KOMaHIOM:

ASEL,S,LOC,Z,0

3akperisieM MOBEPXHOCTH 1Mo Z. 3aTeM BBIOMpaeM MOBEPXHOCTh Ha JIPYroM

koHue komanaoit ASEL,S,LOC,Z,0 u Taxke 3akpermisgem ee 1o Z :

Main Menu ®|

3 Preferences =
a Preprocessor

Element Type
Real Constants
= Material Props
Sections
Modeling
@ Meshing
@ Checking Ctrls
@ Numbering Ctris
Archive Model
Coupling / Ceqn
= Loads

@ Analysis Type

e Define Loads

@ Settings
@ Apply
& Structural
e Displacement
2A0n Lines
7

2 0n Keypoints =]

AREAS

TYPE NUM
Apply UROT on Areas
@ pick

" Unpick

C Box

@ single

€ Polygon (* Circle

 Loop

Count L]

Minimum

Maximum = 20
= 1

Area No.

@ List of Items

€ Min, Max, Inc

|

o] s

Reset Cancel

Pick All Help

&

Ans
202

STUDEI
JUN 28 2
14:58

Puc.31. Bvibop nosepxnocmeii ons 3axpennenus. lllae 3

AREAS
TYPE NUM

Apply U,ROT on Areas

[DA] Apply Displacements (U,ROT) on Areas
Lab2 DOFs to be constrained

Apply as
If Constant value then:

VALUE Displacement value

oK Apply

All DOF
UX
uy

IConstant value

H

Ei

STUDENT

Ansys

2023R1

JUN 28 2023
14:58:45

Puc.32. 3axpennenue evibpannvix nosepxnocmeii. [llae 3



Co3nanue 3arpy:keHui

Jnis 3amaHusi HArpy3Kd HEOOXOAMMO TEpedTH B LUIUHAPUYECKYIO CHUCTEMY
xoopauHat. Jlns storo B Utility Menu > WorkPlane > Change Active CS to >

Specified Coord Sys, B oTkpbiBiIeMcst okHe yka3biBaeM KCN — 1. Haxxumaem OK.

File Select List Plot PlotCtrls WorkPlane Parameters Macro MenuCtris Help

D= @@ & ¢ B | Display Working Plane

Toolbat Show WP Status

WP Settings ...
SAVE_DB| RESUM_DB| QuIT|

Offset WP by Increments ...

Main Menu Offset WP to ’

B Preferences Align WP with »

ggistriztr:lessor Change Active CS to 4 Global Cartesian
General Postproc Change Display CS to *| Global Cylindrical
TimeHist Postpro Local Coordinate Systems *  Global Cylindrical Y

@ Radiation Opt Global Spherical
& Session Editor
& Finish

Working Plane

Speciged Coord Sys ...

Puc.33. Bvibop cucmemul koopounam. Illaz 1

ELEMENTS

Ansys

STUDENT

JUN

15:00:12

2023R1

28 2023

Change Active CS to Specified CS

[CSYS] Change active coordinate system to specified system

KCN Coordinate system number
OK Apply Cancel l

Help

Puc.34. Bvibop cucmemol koopounam. [llae 2

JUN 28
15:0




3amaeM Harpy3Ky B BHJE CO3/IaHHOM B Haudane TaOnuimbl. J[ns »Toro cHavana

HE00XO0IMMO BBIOpaTh HEOOXO0IUMYIO TToBepXHOCTh KoManoi: ASEL,S,LOC,X,R1

axeas Ansys
TYPE NUM 2023 R1
STUDENT
JUN 28 2023
15:01:34

IR

G

Puc.35. Bvibop cucmemol koopounam. lllae 2
Hanee nepexonum B Preprocessor > Loads > Define loads > Apply > Structural >

Pressure > On AREAS, B otkpsiBiieMcst okHe HaxkumaeMm Pick All.

Main Menu ®
e Preprocessor || nmeas An
Element Type i :
Real Constants ;e
Material Props Apply PRES on Areash JUN 2
Sections @ pick " Unpick -
Modeling e
Meshing C Polygon (~ circle
Checking Ctrls " Loop
Numbering Ctris Count = 0
@ Archive Model Mo = 20
@ Coupling / Ceqn [ Minimm = 1
& Loads i uiis
Analysis Type @ List of Items
e Define Loads I
= Settings -
= Apply —
@ Structural —_—
Displacement apply
Force/Moment
a Pressure i’ ﬂ'
A0n Lines | =
Blon ArcasiE

Puc.36. Bvibop cucmemol koopounam. [llae 2



B cnenyromem okne B crpoke SFA BeiOupaem EXisting table, B ctpoke LKEY

ykasbiBaeM 1, Haxxumaem OK.

AREAS An SYS
TYPE NUM 2023R1
STUDENT

Apply PRES on areas B 2023

[SFA] Apply PRES on areas as a Eitingtible = 01:34

If Constant value then:
VALUE Load PRES value

G

LKEY Load key, usually face no. D

(required only for shell elements)

OK Apply Cancel Help

Puc.37. Bvibop cucmemol koopounam. lllae 2

B cienyroiem okHe BoiOMpaeM co3aanHyro Taonuiy. Haxumaem OK.

- Ansys

TYPE NOM 2023R1
Apply PRES on areas DENT
28 2023
Apply Table Loads 15:01:34
Existing table LOAD Q

LOAD_Q

oK Apply | Cancel I Help |

&

Puc.38. Bvibop cucmemvul koopounam. lllaz 2



Pemenne
[Tepexomum B Solution > Analysis Type > Sol’n Controls, B oTkpsiBIIeMcs

OKHE BBIOMpaeM CIeAYIOIINe MapaMeTphl pacyera:

B Solution Controls N X

Basic ] Transient ]Sol‘n Options] Nonlinear ]Advanced NL

Analysis Options - — Write Items to Results File
|Small Displacement Static - “ All solution items
I” Calculate prestress effects © Basic quantities
© User selected
Time Control Nodal DOF Solution -
Nodal Haactiqn Loads j
Time at end of loadstep |1 e
Automatic time stepping |Prog Chosen j N =
Frequency:
“ Number of substeps -
|Write every substep -

“ Time increment

where N = |1

Number of substeps 1
Max no. of substeps |1
Min no. of substeps |1

0k | Camcel | Hep |

Puc.39. Hacmpotixu pewenus (I1-vtit 5man pacuema)
Haxxumaem OK. 3amyckaem pacuer. ITepexoaum B Solution > Solve > Current

LS, B oTkpeiBIIeMcs okHe HaxknmaeM OK.

Toolbar STATUS Command
SAVE_DB| RESUM_DB| QuIT| "
= SOLUTION OPTIONS
Mall Moy | SOOI ey
OIS TWE s iles v svoieiey 4 STRTIC (STERDY-STHTE)
% G | i DAL
8 Prepr_ocessor GLOBALLY RSSENBLED HATRIX . . . . . . . . . . .SWWETRIC
ESOIUt'O"_ LOAD STEP OPTIONS
i ol g Ly TR
ki A g
o i Mo S e
Resuits g S | e M
EResults Tracking | 7 TERTEREAAER BAE - e ACTIVE HAT. HONLTNERRITIES
2 Solve PRINT OUTPUT CONTROLS . . . v v v v o v w w u HO PRINTOUT
DATRBASE OUTPUT CONTROLS. . . . . v v v v v u s ALL DATR WRITTEN
=] current L ) FOR THE LAST SUBSTEP
B From LS Files Solve Current Load Step X
Manual Rezoning . .
ADAMS Connection [SOLVE] Begin Solution of Current Load Step
Blagt? 9:"(:: M Review the summary information in the lister
. v I’;, G ——— window (entitled "/STATUS Command"), then
enera ostproc press OK to start the solution. LI !
TimeHist Postpro L
= Rad|a.t|on °pt 0K| o | T | LT
& Session Editor : ; AT

Puc.40. 3anyck 3a0auu na pacuem



[Tocne okoHYAaHUS TIEPBOTO pacyeTa, B TOM K€ OKHE, BRIOMpaeM mapaMeTpbl

AJIs1 BTOPOTO pacydcTa, 1 3allyCKACM €TI0 KaK OITMCAaHO BBILIC:

— ANSYS
ELEMENTS 2020 R2
ACADEMIC
u Solution Controls x N 30 2023
16:03:08
Basic ] Transient ] Soln Options] Nonlinear ]Advanced NL
~ Analysis Options  Write tems to Results File ———
|Small Displacement Static ~ @ All solution items
I~ Calculate prestress effects " Basic quantities

~ Time Control

Time at end of loadstep 1.89

Element Nodal Lo:

Automatic time stepping  |Prog Chosen j Element Nodal Str

Frequency:
© Time increment [write every substep ~|
Number of substeps |207 T where N = ’1—
Max no. of substeps |247
Min no. of substeps W

0K I Cancel Help

Puc.41. Hacmpoiiku pewenus (2-oti aman paciema)

I[aJIee BBICTABJIAACM ITaPpaMETPLI AJIs1 TPETHCTO paCcyCTa U 3allyCKaeM Cro:

3|
5| ANSYS
ELEMENTS 2020 R2
ACADEMIC
n Solution Controls x JN 30 2023
16:03:08
Basic I Transient | Soln Options] Nonlinear ]Advanced NL]
Analysis Options ~ Write ltems to Results File
|Sma|| Displacement Static ;_] @ All solution items
™ Calculate prestress effects ¢ Basic quantities

© User selected
Nodal DOF Solution
N ds

— Time Control

Time at end of loadstep 1.87
Automatic time stepping  [Prog Chosen ~ ~|

¢ Number of substeps Frequency:
[write every substep |
Time step size 0.001 whereN= |1
Minimum time step |00017
Maximum time step W N
0K | Cancel Help

Puc.42. Hacmpotixu pewenus (3-uii sman pacuema)



BuiBoa pe3yjbTaTOB

J1Jist BBIBO/IA pe3yabTaTOB HEOOXOAMMO BBIOpATh PE3YJIbTAT B MOMEHT IEpes
paspymenuem. [{ist atoro mepexoaum B General Postproc > Read Results > By pick,
3aTeM BbIOMpacM MOMEHT Bpemenu 1.83 u naxkumaem Read.

Taxxke mya oTOOpakeHHs] pe3ylIbTaTOB B ILMJIMHIPUYECKOW CHCTEME

KOOpAWHAT HCO6XOI[I/IMO IIPpONMCaTh KOMaHay:

RSYS,1
] ANSYS

NODAL SOLUTION 2020 R2
STEP=2 ACADEMIC
SUB =17 JUN 30 2023
TIME=1.83 16:09:14
SE{ Y Resutts File: plastsquare.rst
gﬁ Available Data Sets:
SM| Set Time Load Step Substep Cumulative

16 1.7574 2 15 19

17 1.7937 2 16 21

19 1.8310 3 1 24

20 1.8320 3 2 26

21 1.8330 3 3 27

22 1.8340 3 4 28

23 1.8350 3 5 29

24 1.8360 3 6 30

25 1.8370 3 7 31

26 1.8380 3 8 32

27 1.8390 3 9 33

28 1.8400 3 10 35

29 1.8410 3 11 37

30 1.8420 3 12 39

31 18430 3 13 41

Read Next Previous
Close Help

Puc.43. Bvibop waza pacuema 0151 OmpucosKu pe3yibmamos

Janee nepexoaum B General Postproc > Plot Results > Countor Plot > Nodal

Solu, B oTkpsIBIIEMCS OKHE BbIOMpaeMm Stress > von Mises stress u Haxumaem

APPLY.



Main Menu

Preferences
Preprocessor
Solution
B General Postproc
Data & File Opts
Results Summary
Read Results
Failure Criteria
B Plot Results
E Deformed Shape
& Contour Plot
Element Solu
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
Submodeling
Safety Factor
Define/Modify
Nonlinear Diagnostics

nvergence Norm

olute Co

Absc

n Contour Nodal Solution Data X
ltem to be contoured
& Nodal Solution |
& DOF Solution
& Stress
i X-Component of stress
@ Y-Component of stress
@ Z-Component of stress
@ XY Shear stress
& YZ Shear stress
& XZ Shear stress
& 1st Principal stress
& 2nd Principal stress
& 3rd Principal stress
& Stress intensity
@ |
i | I |
Undisplaced shape key
Undisplaced shape key |Deformed shape only j
Scale Factor Auto Calculated 1”0
Additional Options ®|
0K I Apply | Cancel | Help I
. I
1.0E-05
27 47 67 87 107

Puc.44. Bvibop ons ompucosku Hanpsidcenuti no Musecy

E Reset

SUB =17

TIME=1.83

SEQV (AVG)

DMX =.002445

SMN =.270E+09

SMX =.300E+09
.270E+09

.273E+09

.277E+09

.280E+09

.283E+09
.287E+09

.290E+09
.293E+09

JUN 30 2023
16:10:48

.297E+09

.300E+09

Puc.45. Uzonons nanpsasxcenuti no Musecy, Ila

Taxxke oTpucyeM paauanbHble W YIJIOBBIE HAIpPSOHKEHUS BBIOOpOM X-

Component of Stress u Y-Component of Stress cooTBeTCTBEHHO.




STEP=2 ACADEMIC
SUB =17 JUN 30 2023
TIME=1.83 16:11:44
sX (AVG)
RSYS=1
DMX =.002445
SMN =-.232E+09
SMX =44907
-.232E+09 -.181E+09 —..129E+09' -.774E+08 -.258E+08
-.207E+09 -.155E+09 -.103E+09 -.516E+08 44907
Puc.46. Uzonons paouanvrvix nanpsiscenuti, I[la

SUB =17 JUN 30 2023

TIME=1.83 16:12:23

sY (AVG)

RSYS=1

DMX =.002445

SMN =.114E+09

SMX =.317E+09

I — 2
.114E+09 .159E+09 .204E+09 .250E+09 .295E+09
.136E+09 .182E+09 .227E+09 .272E+09 .317E+09

Puc.47. H3onons yenosvix nanpsiscenut, Ila
Janee, B Tom ke okae Contour Nodal Solution Data Beibupaem Plastic Strain

> von Mises plastic strain u Haxxumaem APPLY.



Main Menu ®|

B Preferences
Preprocessor
Solution
@ General Postproc
8 Data & File Opts
B Results Summary
Read Results
Failure Criteria
@ Plot Results
B Deformed Shape
a8 Contour Plot
=
& Element Solu
& Elem Table
Line Elem Res
Vector Plot
Plot Path Item
Concrete Plot

Contour Nodal Solution Data
Item to be contoured

## Plastic Strain
@ X-Component of plastic strain
@ Y-Component of plastic strain
@ Z-Component of plastic strain
@ XY Shear plastic strain
@ YZ Shear plastic strain
@ XZ Shear plastic strain
@ 1st Principal plastic strain
@ 2nd Principal plastic strain
@ 3rd Principal plastic strain
@

Plastic strain intensit
L=dvon Mises plastic strai

Undisplaced shape key

|

Undisplaced shape key |Deformed shape only

et Scale Factor Auto Calculated ~||0.4856540
List Results
Query Results = -
& Options for Outp g Additional Options
| | v I -
Puc.48. Bvibop nnacmuueckux oepopmayuii no Muzecy
STEP=2 ACADEMIC
SUB =17 JUN 30 2023
TIME=1.83 16:14:41
EPPLEQV  (AVG)
DMX =.002445
SMX =.00436
| == . —
0 .969E-03 .001938 002906 003875
.484E-03 .001453 .002422 .003391 .0043¢

Puc.49. Ilnacmuueckue oegpopmayuu no Musecy



Hanee otpucyem rpaduk paauaibHBIX MepeMelIeHU TOuku ceueHus. Jlis
aToro repexoauM B TimeHist POStpro, B oTkpeIBIIEeMcst OKHE HA)KMMaeM Ha 3HAYOK
“+” B neBoM BepxHem yriay (add data). B ciemyromem okne BhiOupaem DOF

Solution > X component of displacement, mHaxxumaem OK, manee BoIIesieM JIIO0YIO

TOYKY ceueHus 1 HaxnmaeM OK.

| H I 1 8 551 &t el [Nome o] sl sl Real il
pOWR( Variable List ®|
' Name Element Node lResuIt Item Minimuml—‘] ——
ELEMEN|
" B8 Add Time-History Variable X _‘l_l
_Calculator |~ Result Item ®
& Favorites j &
2 Nodal Solution
o DOF Solution |
( L3X-Component of displacement ]
@ Y-Component of displacement
MIN [ 7.(‘.nmfnnenf nf dieslnrnmnnf J:]
MAX CLEAR
RCL Result Item Properties
sTO Variable Name |UX_2 .
Sector Number
INS MEM
ABS ‘ ok | Ay | coce | Heb | ﬁ
—_— T T T

Puc.50. Bvibop paouanvuvix nepemewjenuti 0is ompucosKku epagura

9| A -
;1 ELEMENTS — nSYS
Node for Data s A A —
STUDENT

“~

Pick " Unpick JUN 29 2023
= E 13:46:09
c c
c
Count = 1 1
Maximum =

" Min, Max, Inc

Puc.51. Bvibop y3na na sHympenuem paouyce 0Jisk OmpucosKu epaguxa

PAoUANbHBIX nepemMeueHUl



3atem Haxkumaem Data properties (5 wkoHKa B JIEBOM BEpXHEM YIiy), B
OTKPBIBIIIEMCSI OKHE TEPEXOJUM BO BKJIaAKy X-AXIS M Ha3HadyaeM CJICIyIOIIHC
napaMeTphbl:

— Range of Values — Specified

— Min-1

— Max—-1.83

Haxxumaem OK.

I Time History Variables - plastsquare.rst x ACADEMIC
File Help 30 2023
Hx/EelssdNone oS8 Real Ey: 1090
Variable List |
[Name |Element __ |[Node |Result tem [Minimum Maximum |-
TIME Time 1 187
(O Y i History Properties Nl 068234 -0.0005793; o
FT I (N I ol
Calculator Variable X-Axis ] Lists ] N ®|
~ Range of Values
¢ Fullrange
( ) i
MIN  CONJ Min [1 Max [1.89

a+ib s 2 2 :
- Time Variable Identification ——————

« Data as a function of time

1
T

[
[
\
|
|
|
|
\
|
|
[
¢ Data as a function of cumlative iteration number 8
INS MEM 1
[ :
|

ABS | ATAN
INT1

DERIV

p

ok | concel | Heb ]

Puc.52. Hacmpoiiku ocu abcyucc 0151 ompucosku spagura paouaibHulx

nepemeujeHull

Jlns otoOpaxenus rpaduka Haxumaem Graph Data (ukonka ¢ rpadukom

CJIeBa BBEPXY).



= ANSYS

POST26 2020 R2
ACADEMIC

JUN 30 2023
16:16:58

(x10**-3)
-.4

VALU

Puc.53. I'pagpuxa paouanvuvix nepemewjernuii, m

3akJIroueHue

B paGore Obln mpoBemeH pacd€r KodpUIMEHTa 3amaca MPOYHOCTH
TOJICTOCTEHHOUW TPyObI MPU YIPYTO-TIACTUYECKOM COCTOSIHUU JBYMSI CIIOCOOAMHU:
AHATMTHYCCKUM WM YHCJICHHBIM. B cllydae aHAIMTHYECKOTO pPEIICHHE 3HAUCHHE

koaddummenTa pasuo 1.85, mpu unciennom moenuposannu B I[IK Ansys — 1.846.

[TorpenHocTh YMCIAEHHOTO PEIIECHUS] COCTABIISIET: % -100% = 0.2%.
Koa nporpammel

FINISH

/ICLEAR

/IPREP7 ! Bxon B ipenporieccop

! 3agaHre UCXOMHBIX TAHHBIX
R1=0.5

R2=1

H=5



K=1.85
ST=300E6
Q=(ST*(R2**2-R1**2))/(1.73*R2**2)

! Cozmanue TabJIMIIBI HArPy30K
*DIM,LOAD_Q,TABLE,3,1,1, TIME
LOAD_Q(1,0)=0.0,1,K
LOAD_Q(1,1)=Q,Q,K*Q

! 3agaHne nmapaMeTpoB MaTtepuaia

ET,1,186

I ITapameTp "BpemeHn"
I [Ipenen mactuuHocTH 0 Musecy

! TlpenenpHas Harpy3Ka

MP,EX,1,2E11

MP,PRXY,1,0.3

TB,BISO,1 ! BUUIMHEWHBIN U30TPOITHBIN

TBDATA,,ST,0 ! Ilpenen TeKy4eCTH U TaHT€HIIUAIbHBIA MOYJIb

! Co3nanue reoMeTpun

CYLIND,R1,R2,0,H,0,90

! Pa30OuBKa ceTKHu

ESIZE,MIN((R2+R1)/2*3.14/2/30,(R2-R1)/5)

LSEL,S,LOC,Z,H/2
LESIZE,ALL,,,5
MSHKEY,1
VMESH,ALL

I CummeTrpuyHoe konupoBanue mo X u Y

CSYS,0
VSYM,X,ALL,,,,0,0
VSYM,Y,ALL,,,,0,0



NUMMRG,ALL

! Co3nanue 3aKperuieHuin
ASEL,S,LOC,X,0
DA,ALL,UX
ASEL,S,LOC,Y,0
DAALL,UY
ASEL,S,LOC,Z,0
DAALL,UZ
ASEL,S,LOC,Z,H
DA,ALL,UZ

! Coznanue 3arpyxeHuil
CSYS,1

ASEL,S,LOC,X,R1
SFA,ALL,1,PRES,%LOAD_Q%

ALLSEL

! Pemntenue

/SOLU

ANTYPE,O
TIME,1

! Ilepexo1 B IMIIMHAPUYECKYIO CUCTEMY

I Coznanue pacnpeeiieHHON Harpy3Ku

| B Buie TAOJIUIIBI

I Bpems

NSUBST,1,1,1 IKonudecTBo utepanuii, cpeiHee/MakCUMaIbHOS/ MUHUMAITEHOE

OUTRES,ERASE
OUTRES,ALL,1
SOLVE

! BeIBOZ pe3ynbTaTOB



TIME,1.83
NSUBST,20,24,16
OUTRES,ERASE
OUTRES,ALL,1
SOLVE

TIME,1.87
DELTIM,0.001,0.001,0.001
OUTRES,ERASE
OUTRES,ALL,1

SOLVE

! [ITar mo BpeMeHn



IIpakTuyeckas padora Ned
Pacuer KOHCTPYKIHI C Y4€TOM reOMeTPUYECKON HEJIUHEHOCTH
(Y4er HaTsKeHUs NIPH NONEPEYHOM M3rude JKeCTKO

3alleMJICHHOM ¢ IBYX CTOPOH 0AJIKH)

MeToanuyecKue yYKa3aHusl K BbINOJHEHUIO MPAKTHYECKOH padoTshl 4
st coznanust pacu€THOM MozAenu OyJieM UCTIONIb30BaTh Mpenporeccop Ansys
Mechanical APDL.
[Tocne 3amycka Product Launcher nosiBuTcst okHO:

o

File Profiles Options Tools Links Help
Simulation Environment:
ANSYS | v |
License:

Ansys Mechanical Enterprise

{0 Show Legacy Licenses

Customization/ High Performance
Preferences Computing Setup

Working Directory:

Job Name:

Puc. 1. Oxno s3anycka npoepammnozo komniexca ANSYS Mechanical



Psgom ¢ oknom Working Directory HaxkaTh KHOIIKY «Browse...» u BbIOparhb
CBOIO pabouyro aupekroputo. B stoit qupextopun ANSYS Oyner coxpaHsaTh Bce
daitnbl. J{upexTopus AoKHA OBITH cO31aHa 3apaHee. B mMeHax TupeKTopun U My TH
K JTUPEKTOPHH JOIYCKAIOTCS TOJIBKO JIATUHCKKUE OYKBBI. Paiom ¢ okHoM Job Name

3ajaeM uMs (Qaia.

Ansys Mechanical Enterprise Utility Menu (PRAK)
File Select List Plot PlotCtrls WorkPlane Parameters Macro MenuCtrls Help
Dl=as sl 2 = I -
Toolbar
SAVE_DB| RESUM_DB | QUIT| POWRGRPH|

Main Menu @\

= Preferences 2| | woees Ansys
Preprocessor ___2023m1
Solution STUDENT
General Postproc AUG 7 2023

TimeHist Postpro 13:00:32

Radiation Opt
B Session Editor
5 Finish

=]

Puc.2. Pabouee oxno npoepammnozo komniexkca ANSYS Mechanical



BpInmonHuM pacd€r OIHONPOJIIETHOW KECTKO 3aIEMIICHHOW C JBYX CTOPOH
OaJIKM KBaJIpaTHOIO CEYEHHUsS JIMHOM [/, HAa BEPXHIOK IMOBEPXHOCTh KOTOPOH
JEHUCTBYET PAaBHOMEPHO paclpe/esIEHHas Harpy3ka MHTEHCUBHOCTH ¢. PacuérHas

cxema OaJIku UMEeT CIEAYIONIUN BUI:

IERER

’

Puc.3. Cxema 6anku

Hcxoonvie oannvie:
— nnnHa 6anku [ = 10 m;
— NOMNEPEYHOE ceueHue OalKku — KBaapar, AymHa pedpa h=0.2 m;
— XapaKTEPUCTUKK MaTepuaj 6anku: Moayis ynpyroctu E = 2-10' Ia,
ko3 durment Ilyaccona v = 0.3;

— pacnpeneneHHas Harpy3ka q = 2 kH/m;



AHaJIUTHYECKOE pPellIeHue

IIpn neucTBHM NMONEPEYHOM HArpy3KH, B KECTKO 3aIEMJICHHOM CTEpXKHE
OyZAeT BO3HUKATh MIPOJOJIbHOE YCHIINE, KOTOPOE TaK K€ BHOCUT BKJIAJl B IPOTHO.

PaccMaTpuBast IEHTp CTep:KHs, I/ie Tporud OyaeT HauOoJIbIINM, U JOITyCKas
Clly4ail, Korja nporud MHOTO MEHBILIE €r0 TOJNIIHWHBI, BHYTPEHHEE YCUIIME MOKHO
BBIYMCIIATD KaK:

1 Sqg2a®
= —_— q

945 EI?

, T7Ie S — IIomaab CEeUeHHUs,

| — MOMEHT UHepLUU ceueHus,
a — pacCTOSsIHME OT LEHTpPa CTEPHKHS A0 Kpas,

a caM HpOFI/I6 BBIYHCJIIEM KaK:

U= qa* *(1 1 >kquaS).

24*EI 9450 EZJ3
CraenoBaTtebHO,
1 0.22%20002%%5°
= —x——"—— > = 7441H;
945 2*1011*(0.2)
12
2000%5% 1 0.22%2000%%58 _
U= x| 1 — * = 1.953 %1073 m.

0.24 3
24*2*1011*< ) 9450 112 0.2
12 (2%1011)2% B



Pemenne ¢ nomombro Ansys Mechanical APDL

1. 3aaHue THIIOB KOHEYHBIX 3JICMEHTOB M HX IMapaMeTpoB
B Main Menu nepexoaum B Preprocessor > Element Type > Add/Edit/Delete

B oTkphiBiieMcs okHe (Element type) naxkumaem kaonky Add:

SAVE_DBI RESUM_DBI QuIT PO\/\"RGRPHI

all
B Element Types X

Main Menu

E Preferences
& Preprocessor
=]
Defined Element Types:
Switch Elem Type
B Add DOF
E Remove DOFs
E Elem Tech Control
Real Constants
Material Props
Sections
Modeling I}
Meshing
Checking Ctrls
Numbering Ctrls
& Archive Model
Coupling / Cegn
Loads
Path Operations
Solution ‘z ¥
General Postproc
TimeHist Pos':pro Add... | Options ] Delete |

Radiation Opt

Session Editor
Finish Close Help

Puc.4. Okno Element type
B ortkpeiBiiemcs okHe B ouoimoteke anementoB (Library of element types)

BeIOMpaeM Beam — 2 node 188.

SAVE_DB| RESUM_DB| QuIT| POWRGRPH]

Main Menu k||
B Preferences Bl element Types %
= Preprocessor

& Element Type

[=]Add/Edit/Delete] Defined Element Types:
B Switch Elem Type INONE DEFINED
E Add DOF

B Remove DOFs

E Elem Tech Control
Real Constants
Material Props
Sections
Modeling
Meshing
Checking Ctrls
Numbering Ctris
Archive Model
Coupling / Ceqn

Library of Element Types

Loads Library of Element Types Structural Mass | [3D finite strain
Path Operations Link 2 node 183
y 3node 189
Solution Pie
General Postproc Solid
TimeHist Postpro Add... Shell
Radiation Opt Solid-Shell 2node 188
& Session Editor Element type reference number ]

& Finish Close
T ok | Apply | Cancel Help

=
Puc.5. Oxno Library of Element type



Howmep tuna snementa (element type reference number) — 1, naxumaem OK.
3akpsiBaeM okHO Element type.
B mpemponieccope mepexogum B Material Props > Material models. B

OTKpHIBIIIEMCsI OKHE BbiOupaem: Structural > Linear > Elastic > Isotropic.

SAVE_DB| RESUM_DB| QUIT| POWRGRPH|

@

Main Menu
& Preferences | B8l Define Material Model Behavior _
8 Preprocessor Material Edit Favorite Help
B e Material Models Defined Material Models Available
= Winiortal Prope 6 =l G Favorites
Material Library & Structural
B Temperature Units S Linear
E IectrogUits & Elastic
:
B Convert ALPx g
& Change Mat Num Orthotropic
B Write to File . _ @ Anisotropic
= Read from File = Nonhnear
Sections @ Density
Modeling @ Thermal Expansion
Meshing = = Dgnjpmg )
Checking Ctris &l 5 4 @ Crictinn Canfficiant
Numbering Ctris
Archive Model

Coupling / Cegn
Loads
Path Operations
Solution
® General Postproc
TimeHist Postpro
Radiation Opt
E Session Editor
E Finish

Puc.6. 3a0anue mamepuana. lllae 1

Jlanee B OTKpBIBIIEMCS OKHE 3amaeM Monaynb ympyroctu (EX=2ell) u

koad¢urment Ilyaccona (PRXY=0.3). Haxxumaem OK.

SAVE_DB| RESUM_DB| QuIT| POWRGRPH|

Main Menu

B Preferences
B Preprocessor
Element Type
Real Constants
B Material Props
@ Material Library
B Temperature Units
E Electromag Units
=
E Convert ALPx : - o )
Echange Ma‘Num ,'EE Isotropic Properties 10 aterial Numbel x
E Write to File
E Read from File
Sections
Modeling
Meshing
Checking Ctrls il
Numbering Cirls
Archive Model
® Coupling / Ceqn
Loads
Path Operations
Solution
General Postproc Add Temperature| Delete Temperature ‘
TimeHist Postpro
Radiation Opt 0K ‘
& Session Editor
& Finish

Material Edit

Favorite Help

Material Models Defined Material Models Available

(J\aterial Model Number 1Jl

@ Favorites
@ Structural
&8 Linear
& Elastic
8

Linear Isotropic Material Properties for Material Number 1

T

Temperatures JJ
{|EX 2e11 L

|| PRXY 03

Graph

Cancel ‘ Help ‘

Puc.l. 3a0anue mamepuana. lllae 2



2. 3auaﬂne CCYCHHUS U T€eOMETPpUMN

- Coznaem Oanky. s aToro cHauvana 3ajiaaum ceuenue. [lepexoaum B
Preprocessor > Sections > Beam > Common Sections. B oTkpbIBIIEMCs OKHE
BBIOMpaeM MPSMOYTOJIbHBIN MOJATHUIT U TIPOMUCHIBAEM MMapaMETPhI:

-B-0.2

-H-0.2

—Nb -8

—Nh -8

SAVE_DB| RESUM_DB| QuIT| POWRGRPH

Main Menu ®|
Preferences R Beam Tool

B Preprocessor D
Element Type
Real Constants Name
Material Props
= Sections

@ Section Library
B Beam
=)
Custom Sections
B Taper Sections
& Plot Section
B Sect Control
B NL Generalized
B Composite Sections
@ Shell B
Pretension
Joints (&
@ Reinforcing Nb
@ Pipe
Link Nh
Axis
@ C_ontact ) 0K |
Bl List Sections
B Delete Section Close | i
Modeling
Meshing Help | Meshview
Checking Ctris
Numbering Ctrls B

Sub-Type [ ]

Offset To Centroid ~

pilsl

T

=]
= 4
]

Il

Apply

Puc.8. 3a0anue nonepeunozo cewenus

Haxxumaem OK. [lanee mepexomum B Preprocessor > Modeling > Create >
Keypoints > In Active CS. B otkpsiBiemcs okae cpazy Haxumaem OK. [ToBropum
OIEPAaIMIO BBI30BA OKHA, TETIEPh MPOIUIIIEM KOOPIUHATHI BTOPO TOUKH:

-X-10

-Y-0

-Z-0



SAVE_DB| RESUM_DB| QUIT| POWRGRPH|

Main Menu )

Preferences
B Preprocessor
Element Type
® Real Constants
Material Props
E Sections
B Modeling
= Create
B Keypoints
#0n erlng Plane H Create Keypoints in Active Coordinate System
g

2 0n Line [K] Create Keypoints in Active Coordinate System

21 0n Line w/Ratio NPT Keypoint number
Z0n Node

7 KP between KPs XY,Z Location in active CS | 10 ‘ | | ‘ I
A Fill between KPs
® KP at center o
Hard PT on line LJ Apply | s | 15 ‘
Hard PT on area

B Lines

© Areas

Volumes

B Nodes

B Elements

& Contact Pair

Circuit

B Racetrack Coil

@ Transducers

@ Operate 5]

Puc.9. 3a0anue mouex ceomempuueckoti mooenu
Teneps coenmnuuM ux auHuen. Jlng sroro mepexomum B Preprocessor >
Modeling > Create > Lines > Lines > Straight Line. C momomipt0 OTKpBIBIIETOCS
OKHa BBIOMpPAeM MOOYEPEIHO ABE HAIIU TOUKU:

SAVE_DB| RESUM_DB| QUIT| POWRGRPH|

Main Menu 6]
E Preferences = POINTS Ansys
B Preprocessor TYPE NOM
Element Type 72023 R1
& Real Constants STUDENT
Material Props A0E & 2023
& Sections 20:55:17
E Modeling
& Create o
Keypoints Create Straight Line
° grll_ei:es i BT
PalStraight Line @ Sing
Z In Active Coord e 1o
A Overlaid on Area ~ a_Xx 2
A Tangent to Line
A Tan to 2 Lines —1| coune = 1
A Normal to Line Maximum = 2
ZA Norm to 2 Lines Minimum = 2
Z At angle to line KeyP No. = 2
A Angle to 2 Lines —_————
@ Arcs @ List of Items
Splines € Min Max, Ine
A Line Fillet T
B Areas —
Volumes
Nodes ——
Elements e
E Contact Pair
@ Circuit J Reset Cancel
| T T 5] JnJ,,,| Help |

Puc.10. Coeounenue mouex muHuen

Haxumaem OK.



Co3znanue cerkn K9

Ha mepBom miare HazHauaem atpuOyThl (Matepuan, tun KD, ceueHue)
CO3JaHHOHM I€OMETPHH, IS 3TOTO mepexoauM B Preprocessor > Meshing > Mesh
Attributes > Default Attribs. /lasiee, B oTkpbIBIIEMCSI OKHE, B CTpOKe TYpe BeIOHpacM
1 tun snementa (Beam 188). Ananoruuno noctymnaem co crpokamu Mat u Secnum

(BeIOMpaeM 1 Tum maTepuana u cedeHus cooTBeTcTBeHHO). Haxkumaem OK.

SAVE_DB| RESUM_DB| QUIT | POWRGRPH|

Main Menu @|

& Preferences = | mmes

e Preprocessor
Element Type
= Real Constants
= Material Props RS Meshing Attributes
@ Sections Default Attributes for Meshing
c MOdeling [TYPE] Element type number -

& Meshing -
= Mesh Attributes [MAT] Material number |1—;|

=lDefault Attribs [REAL] Real constant set number None defined -

BA" Keypoints [ESYS] Element coordinate sys 0 =
7 Picked KPs

B All Lines [SECNUM)] Section number |1—L’

A Picked Lines

& All Areas

A Picked Areas

& All Volumes

2 Picked Volumes

Volume Brick Orient
& MeshTool OK Cancel Help |
Size Cntrls
& Mesher Opts

TYPE NUM

Concatenate -l

Puc.11. Ilpuceoenue ampubymos



Ha cnepyromem mare 3amaeM pasmep 31€MEHTOB. sl 3TOro mepexoanm B
Preprocessor > Meshing > Size Cntrls > Manualsize > Lines > All Lines, B

OTKpBIBIIEMCSI OKHE B cTpoke Size mumrem 0.2. Haxxumaem OK.

SAVE_DB| RESUM_DB| QUIT| POWRGRPH|

Main Menu @l

& Preferences -] LINES

e Preprocessor
Element Type
Real Constants
Material Props
Sections
Modeling
& Meshing [LESIZE] Element sizes on all selected lines

Mesh Attributes SIZE Element edge length 0.2
B MeshTool NDIV No. of element divisions
2 Size Cntrls (NDIV is used only if SIZE is blank or zero)
SmartSize Ll KYNDIV SIZE,NDIV can be changed
@ ManualSize SPACE Spacing ratio
Global
Areas
@ Lines

=JAll Line

A Picked Lines [ s i

2 Copy Divs

A Flip Bias

2 Clr Size
Keypoints

TYPE NUM

Element Sizes on All Selected Lines

[

<l

Yes

D

Show more options

-

No

u

Puc.12. Hasnauenue pazmepog snemenmos

Pa3OuBaeM JMHUM Ha KOHEUHBIM »AyNeMeHThl. [l 3Toro mnepexoaum B
Preprocessor > Meshing > Mesh > Lines, B oTKpbIBIIEMCSl OKHE HakumaeM Pick

all.



" s

SAVE_DB| RESUM_DB| QUIT| POWRGRPH|

Main Menu

®|

& Preferences
e Preprocessor
Element Type
Real Constants
Material Props
Sections
Modeling
e Meshing
Mesh Attributes
8 MeshTool
= Size Cntrls
8 Mesher Opts
= Concatenate
2 Mesh
2 Keypoints
Pl ine
Areas
Volumes
Volume Sweep
Tet Mesh From
Interface Mesh

Modify Mesh
m Chark Mach

Puc.13. Bvibop nunuu ons pazouenus na KO

LINES
TYPE NUM

Mesh Lines

* pick " Unpick

(¢ Single " Box

" Polygon (~ circle

:
21

¥ List of Items

(" Min, Max, Inc

|

Reset Cancel
Pick RAll Help

=

ELEMENTS

STUDENT

Ansys

2023R1

AUG 7 2023
01:43:29

Puc.14. KD-mooenv b6anku



3agaHue rpaHMYHBIX YCIOBUH

Jlis 3ajaHus TpaHUYHBIX YCJIOBHMH BBIOMpaeM HEOOXOIMMbIE MOBEPXHOCTH,
JJIAA OTOT'O 6I>ICTpCe BCCT'0 HAITUCATh CICAYIOIINC KOMaHIbI B KOMaHILHOI\/'I CTPOKC:

NSEL,S,LOC,X,0
NSEL,A,LOC,X,L

I[anee 3aJ1acM 3aKpCIJICHHUA 110 BCEM CTCIICHAM CBO6OIII>I B BBI6paHHBIX y3J1ax.
Jiis aToro nepexoauM B Preprocessor > Loads > Define loads > Apply > Structural

> Displacement > On Nodes, B oTkpsiBIieMcst okHe HaxkumaeM Pick All:

SAVE_DB| RESUM_DB | QUIT| POWRGRPH

Main Menu @

Checking Ctrls 2| | ooes
Numbering Ctrls
Archive Model

Coupling / Ceqgn

Apply URCT on Nodes

2 Loads @ pick " Unpick
Analysis Type @ single (" Box
e Define Loads " Polygon ( circle
Settings C Lo
EIApply Count = 0
e Structural Maximum = Sl
2 Displacement £ X Minimum = 1
2 0n Lines fede He- =
a on Areas ) i (¢ List of Items
# 0On Keypoints  win, Max, Inc
10N Nodes

2 0n Node Compon [
Symmetry B.C.
Antisymm B.C. & | ape1y |
Force/Moment
Pressure
Temperature
Inertia =

Reset | Cancel |

Pick All | Help |

|

Puc.15. Bvibop y3106 011 3a0anus 2paHuyHbIX YCI08ULL



B cnenyromem oxne Beioupaem ALL DOF u Haxxumaem OK.

‘ SAVE_DB | RESUM_DB| QUIT | POWRGRPH|

Main Menu

@

@ Checking Ctrls
® Numbering Ctris
@ Archive Model
® Coupling / Ceqgn
= Loads
= Analysis Type
= Define Loads
® Settings
2 Apply
@ Structural
@ Displacement
Z0n Lines
2 0n Areas
# On Keypoints
40N Nodes
2 0n Node Compon
® Symmetry B.C.
@ Antisymm B.C.
® Force/Moment
® Pressure
& Temperature

@ Inertia
| | -

0

=]

NODES

Apply UROT on Nodes

[D] Apply Displacements (U,ROT) on Nodes
Lab2 DOFs to be constrained

Apply as
If Constant value then:
VALUE Displacement value

oK Cancel |

All DOF I

Constant value 'l

Help |

Puc.16. Bvibop 3axpennsiemvlx cmeneneti c60000bl




3anaHune HATpY3KH

s atoro mepexoaum B Preprocessor > Loads > Define loads > Apply >

Structural > Pressure > On Beams, B oTkpbIBIIeMcst okHe HaxkumaeM Pick All.

SAVE_DB| RESUM_DB| QUIT| POWRGRPH|

Main Menu ®

thive Model L=l
upling / Cegn
ids
Analysis Type
Jefine Loads
® Settings
& Apply
e Structural
@ Displacement

ELEMENTS

Apply PRES on Beams
@ pick " Unpick

(¥ single ( Box

" Polygen (" circle

a3

@ Force/Moment Count = 0
= Pressure Coom = @
ZA0n Lines 'E‘;“““’“ =t
em No. =
2 0n Areas
20n Nodes 7 @ List of Tvems

20n Node Components
2 0n Elements

¢ Min, Max, Inc

A 0n Element Components r—

B From Fluid Analy ——

4 _zeer |
Temperature Reset Cancel
Inertia pice a1| Bl
Pretnsn Sectn B som] e |

| |

Puc.17. Buibop K3 ona 3a0anus Haepy3ku
B cnenyromem okne B ctpoke LKey ykaswsiBaem 2, B ctpoke VALI ykaspiBaem

2000, naxxumaem OK.

SAVE_DB | RESUM_DB| QUIT| POWRGRPH|

Main Menu @

thive Model ] | Emems
upling / Ceqn

ads

Analysis Type

Jefine Loads
@ Settings
@ Apply
e Structural
Displacement
Force/Moment
a Pressure
20n Lines
A 0n Areas
2 0n Nodes

2 0n Node Components

2 0n Elements

2 0On Element Components

B From Fluid Analy

On Beams|
Temperature
Inertia

Apply PRES on Beams

[SFBEAM] Apply Pressure (PRES) on Beam Elements

LKEY Load key
VALl Pressure value at node |
VALJ Pressure value at node J ‘:’
(leave blank for uniform pressure)
Optional offsets for pressure load
IOFFST  Offset from | node :]
JOFFST  Offset from J node |:]
LENRAT Load offset in terms of m
OK Apply Cancel | Help I

Puc.18. 3a0anue napamempos nazpysxu




3. Peuienue

[Tepexomum B Solution > Analysis Type > Sol’n Controls, B oTkpsIBIIEMCS

OKHE BBIOMpaeM CIeAyIOIINe MapaMeTphl pacyera:

SAVE_DB| RESUM_DB| QUIT| POWRGRPH|

Main Menu

= Preferences
Preprocessor
@ Solution
@ Analysis Type
B New Analysis
B Restart
=
Define Loads
Load Step Opts
SE Management (CMS)
B Results Tracking
Solve
Manual Rezoning
ADAMS Connection
Diagnostics
B Unabridged Menu
General Postproc
TimeHist Postpro
Radiation Opt
= Session Editor
= Finish

Solution Controls

Basic ] Transient |Sol'n Options] Nonlinear
Analysis Options
|Large Displacement Static j

I Calculate prestress effects

Time Control

—

Automatic time stepping IProg Chosen j

Time at end of loadstep

© Number of substeps

“ Time increment

Time step size 0.1
Minimum time step 0.1
Maximum time step 0.1

Puc.19. Hacmpoiixa pewiamens

lAdvanced NL

Write Items to Results File

& All solution items
© Basic quantities

© User selected

Nodal DOF Solution
Nodal Reaction Loads

Element Solution
Element Nodal Loads
Element Nodal Stresses

Frequency:

|Write every substep j

where N = "I

Haxxumaem OK. 3amyckaem pacuer. [lepexoaum B Solution > Solve > Current

LS, B oTkpriBIIEMCs okHe Haxkumaem OK.




4. BuiBoa pe3yJibTaTOB

Jliist BBIBOZIa BEPTHKAIBHBIX TIepeMenieHuii nepexoanm B General Postproc >

Plot Results > Countor Plot > Nodal Solu, B otkpsiBIIeMcs okHe BbiOupaem DOF

Solution > Y-Component of displacement u naxxumaem APPLY.

SAVE_DB| RESUM_DB| QUIT| POWRGRPH|

Main Menu

& Preferences
Preprocessor
Solution
8 General Postproc
B Data & File Opts
B Results Summary
Read Results
Failure Criteria
8 Plot Results
B Deformed Shape
& Contour Plot
=
Element Solu
B Elem Table
B Line Elem Res
Vector Plot
Plot Path ltem
Concrete Plot
ThinFilm
List Results
Query Results
& Options for Outp

Contour Nodal Solution Data %
Item to be contoured

& Favorites
o Nodal Solution
# DOF Solution
@ X-Component of displacement
o
@ Z-Component of displacement
@ Displacement vector sum
@ X-Component of rotation
@ Y-Component of rotation
@ Z-Component of rotation
@ Rotation vector sum
@ Stress B

(= i

Undisplaced shape key

Undisplaced shape key |Deformed shape only -
Scale Factor Auto Calculated j|254.72851 8424

Additional Options @l

oK | aeh | cncel | Hep |

Puc.20. Bvi6o0 sepmuxanvHvix nepemeweHuil

NODAL SOLUTION

STEP=1

SUB =20
TIME=1

Uy (AVG)
R3SYS=0

DMX =.001%6€3
SMN =-.001963

-.0019&3

-.001527 -.00109
-.001745

Ansys
2023R1
STUDENT

AUG 7 2023
02:16:20

——
-.218E-03
-.436E-03 0

-.654E-03

-.00130% -.872E-03

Puc.21. H30nona eepmuxanvrbvix nepemewjeHull



BriBenem Ha 3KpaH BEIMYMHY MPOJOIBHOW CWIIbL. {711 3TOro mepeugeMm B

General Postproc > Element Table > Define Table. B orkpsiBmieMcs OkHE

HakuMaeM Add 1 BEIOMpaeM CIIeIyIONIIE HACTPOMKH:

SAVE_DB| RESUM_DB| QUIT| POWRGRPH|
— Ee“e 1t Table Data

Main Menu

Currently Defined Data and Status:

= Plot Results
@ List Results
Query Results
B Options for Outp
B Results Viewer
Nodal Calcs
= Element Table
[=lDefine Table|
B2 Plot Elem Table
B List Elem Table
B2 Abs Value Option
B Sum of Each Iltem
2 Add ltems
& Multiply
B Find Maximum
B Find Minimum
B Exponentiate
B Cross Product
B2 Dot Product
B Erase Table
Path Operations
Surface Operations

ml aad Caca

Label Item Comp Time Stamp

Status

NONE DEFINED

Define Additional Element Table ltems

[AVPRIN] Eff NU for EQV strain

[ETABLE] Define Additional Element Table ltems

Lab  Userlabel for item

Item,Comp Results data item

(For "By sequence num’, enter sequence
no. in Selection box. See Table 4.xx-3

in Elements Manual for seq. numbers.)

ok |

Close

Apply

Cancel

SMISC, I

Help
Help

pte

Puc.22. Hacmpotixu 015 6616004 npo0oibHbIX CUTL

Haxxumaem OK. Jlanee nmepeiinem B General Postproc > Element Table > Plot

Elem Table u B otkpriBiIeMcst okHe Haxumaem OK.

ELEMENT SOLUTION Ansys
i 2023R1
SUB =4 ————————
TIME=1 STUDENT
N (NOAVG)
DMK =.0019&3 AUG 7 2023
SMN =74€.231 02:55:59
SMX =751.435
X MK N
746.231 747.387 748.544 749.7 750.857
74€.809 747.9€5 749,122 750.279 751.435

Puc.23. Ilpooonvrule cunvl 6 baike



3akJIloYeHue

B nannoit pabote ObuT mpou3BeeH PacUET BEIUUMHBI IPOTHOa B IIEHTpE Oanku
U 3HAYECHMs CUJIbl HATSDKEHHUS IPU JICHCTBUU PABHOMEPHO pacIpellelIeHHON
HONEPEYHON HAarpy3Ku IpU JBOMHOM >KECTKOM 3alLEMJICHUU ABYMs CIIOCOOaMHU:

AHAJIMTHUYCCKHU U YHCIICHHO.

B CJIyda€ aHAJIMTHUYCCKOI'O PCHICHUA

3navenue nporuda — U = 1.953¢-3 m,

IIpononwHas cuna — T =744.1 H

[Tpu uucnennom monenupoBanuu B [IK ANSYS
3navenue mporuda — U = 1.963¢-3 M,

[TIpononwsHas cuna— T =748.1 H

[TorpenHoCTh YMNCIAEHHOTO PEIICHUS
|1.953e—3—-1.963e—3]
1.953e—3

|744.1-748.7|
744.1

JUISL IPOTHOa COCTABJISICT: -100% = 0.51% < 5%),

-100% = 0.75% < 5%,

ML BHYTPCHHCTO YCHUIINA:

YTO B 000MX ClIydadax ABJIICTCA HOHYCTHMOﬁ IMOTI'PCIIHOCTBIO.



Koa nporpammsl

FINI

ICLEAR
IPREP7
/OUTPUT,,OUT

L=10
Q=2000
B=0.2
E=2ell
MU=0.3

ET,1,BEAM18S,,,2
SECTYPE,1,BEAM, RECT
SECDATA,B,B,8,8
UIMP,1,EX,PRXY,DENS,E,MU

K
K, L
L,1,2

LESIZE,ALL,0.2
LMESH,ALL

D,NODE(0,0,0),ALL
D,NODE(L,0,0),ALL
SFBEAM,ALL,2,PRES,Q

! muHa OaIKu, M
'MHTEHCUBHOCTH Harpy3ku, H
'pebpo ceueHus, M

'Monyns ynpyroctu, [1a

'koad. Ilyaccona

I3amaem T KO

I3aaeM ceueHme

I3a1aeM CBOICTBA MaTepHUaia

! co3maHue reomeTpun

lco3anne ceTKu

IrpaHUYHbBIE YCIIOBHUS



/SOLU

ALLSEL
ANTYPE,STAT
NLGEOM,ON

TIME,1
DELTIM,0.01,0.01,0.01
OUTRES,ALL,ALL
KBC,0

SOLVE

/POST1

/[ESHAPE,1

PLNSOL, U,Y
*ASK,UY,ENTER,1
ETABLE, NI, SMISC,1
ETABLE, NJ, SMISC,14
PLLS, NI, NJ,3
*ASK,N,ENTER,1

/EOF

Ipeuienue 3aauun

IBpeMs
ltmar mo BpeMeHu

mapameTpsl BbIBOJA

loTprCcOBKa U30MOJIEN MTEPEMEILICHUI

loTpuCOBKa 3IMIOPHI MPOAOJIBHOTO YCHIIHS



IIpakTHyeckas padora Ned

3anaqa KOHTAKTHOI'O B3aHMOHeﬁCTBHﬂ TEJ

MeTozmquKne YKa3aHuA K BbINNOJIHCHHUTO HpaKTquCKOﬁ paﬁoTbl 5

Jns cozmaHus pacy€THONM Monenu OylaeM HCIONb30BaTh IMPEMPOIECCop
Ansys Mechanical APDL.

ITocne 3anmycka APDL nosiBUTCS OKHO:

File Profiles Options Tools Links Help
Simulation Environment:
ANSYS
o \ 2
o License:

LNC Ansys Mechanical Enterprise

) Show Legacy Licenses

ustomization/ High Performance
rel Computing Setu

Working Directory:

Job Name:

Product Help

Puc.1. Oxno 3anycxa npoepammnozco komniexca ANSYS Mechanical

Psinom ¢ oknom Working Directory HaxkaThb KHOIIKY «Browse...» 1 BbIOpaTh
CBOIO pabouyro nupektoputo. B stoit nupekropun ANSYS Oyner coxpaHsTh Bce
daiinbl. Jlupexropust 1oKHA OBITH CO3/1aHa 3apaHee. B nMeHax TUpeKToOpun U myTH
K JUPEKTOPUU JOMYCKAIOTCS TOJIBKO JIATUHCKKUE OYKBBI. PsimoM ¢ okHOM Job Name

3ajiaemM ums Qaiina.



[l Ansys Mechanical Enterprise Utility Menu (dkkdv)

File Select List Plot PlotCtrls WorkPlane Parameters Macro MenuCtris Help

TR - |

Toolbar

JE

SAVE_DB| RESUM_DB| QUIT | POWRGRPH

Main Menu

®|

&= Preferences

& Preprocessor
Solution

@ General Postproc
TimeHist Postpro
Radiation Opt

& Session Editor

B Finish

NODES

Puc. 1.

Ansys
2023R1

JUN 22 2023
22:16:25

Puc.2. Pabouee okno npoepammmnozo komniexkca ANSYS Mechanical

BrITToTHIM pacdeT KOHTAKTHOTO B3aUMOJICHCTBHSI IBYX YIIPYTHUX Moycdep

paguycoM R = 50 MM, IIEHTPHI KOTOPHIX B3aUMHO CONM3UIACH Ha 4MM.

Hcxoonvie oannvie:

— paauyc noaycdep R =50 mm;

— XapaKTEepUCTUKH

koddduruent [lyaccona v =0.3;

Marepuana:

MOJYJIb

v B

Puc.3. Cxema 3a0auu

yopyroctu £ = 20000 MlIIa,

— CMEUICHHE Ha 2 MM Ka)XJI0M MOBEPXHOCTU A U B HaBCTpeuy apyr apyry.



AHaJIUTHYECKOE pPelIeHue
JlaHHas1 3a7a4a MMEET M3BECTHOE aHAIUTHYEeCKoe peumeHue. HopmampHoe

KOHTAKTHOC JaBJICHHC B HGHTpaHBHOﬁ TOYKC KOHTAKTd MOXHO IIOJIYUYHTBL IIO

cienyoueit popmyne:

—EF 1 2h
7 1—v2 |R

Ozz =

rae & =2 MM — (—2 MM) = 4MM — B3aIMHOE CMeIeHue chep.
[ToncTaBuB B (hOpMY/Ty N3BECTHBIC BEITMYUHBI ITOJTYYHM:

0,, = —2798.3 Mlla

Pemenne ¢ nomombio Ansys Mechanical APDL
3agaHue 3J1eMEHTOB M MX IapaMeTPoB
B Main Menu niepexonuMm B Preprocessor > Element Type > Add/Edit/Delete

B oTKphIBIIeMcst okHe (Element type) naxumaem kHonky Add:

Main Menu @)
Preferences

= Preprocessor I Etement Types
2 Element Type
Switch Elem Type Defined Element Types:
Add DOF

Remove DOFs
Elem Tech Control
Real Constants
Material Props
Sections
Modeling
Meshing
Checking Ctrls
Numbering Ctris
Archive Model
Coupling/ Ceqn
Loads
Path Operations
Solution
General Postproc

TimeHist Postpro )
Radiation Opt Add.. Options Delete
Session Editor

Close Help

Finish

Puc.4. Oxno 3a0anus munoé KOHEeUHviX 21eMeHMOE



B otkpeiBmiemcs okue B 6ubnuoreke anemeHToB (Library of element types)
BEIOMpaem Solid — brick 8 node 185

Howmep tumna snemenra (element type reference number) — 1, Haxxumaem OK.

I
4 |

Defined Element Types:

NONE DEFINED

n Library of Element Types

Library of Element Types Quad 4 node 182 A
8 node 183

Brick 8 node 183
20node 186

concret 63 hd

| Brick & node 185

Elernent type reference number

Add... Options OK Apply Cancel Help
Close

|

Puc.5. Bvioop muna K3 SOLIDI185

Howmep Tuna snementa (element type reference number) — 1, naxxumaem OK.
Tax xe BeiOupaem Contact — 3D Target 170

Howmep Tuna snementa (element type reference number) — 4, naxxumaem OK.

n Library of Element Types

Library of Element Types Pipe 178
Seolid g

Shell 8 nd surf 174

Solid-Shell pt-to-surf 173

Constraint line-surf 177

|3D Target 170

Elernent type reference number

OK Cancel Help

Puc.6. Bvioop muna K3 TARGET170
3akpeiBaeM OkHO Element type.
HManee BBogum komanny ET,3,CONTA173 B KOMaHIHYIO CTPOKY, TEM CaMbIM

no0asias emé oaud Tl dreMedTa takod kak CONTA173.



J W}I :....'y"l "'::EE:"I 'H'-'.'."l 5 I El
i | ¥ Element Types X

Defined Element Types: —
ype 1 SOLID185

Type 3 CONTA173

Type 4 TARGE170

Add... Options... Delete |
Close Help

eHist Postpro "

Puc.7. I[lepexoo k nacmpoiikam KOHEUHbIX 21eMEeHMO8
Tak ke Hy>KHO 3aJ1aTh KOHCTaHThI 1151 TUuna Contact. {151 3TOTO nepexoaum B
Preprocessor > Real Constants > Add/Edit/Delete. Haxxumaem Add u BeiOupaem
CONTA173. [lanee BoiOMpaeM HOMEp U CICAYIOIINE apaMeTphI:
— FTOLN=3;
— FKT=2.



i n Real Constant Set Number 1,for CONTATT3

{|Element Type Reference No. 3
Real Constant Set No.

Target radius for 1st node
Target radius for 2nd node

MNormal penalty stiffness *

Initial contact closure *
Pinball region *

Max. friction stress
Contact surface offset
Contact opening stiffness *
Tangent penalty stiffness *
| | Contact cohesion
Static/dynamic ratio
Exponential decay coeft

Allowable elastic slip *

2l

Penetration tolerance * FTOLN

Puc.8. Hacmpouxu K3 muna CONTA173
B mpenponieccope mepexomum B Material Props > Material models. B

OTKpBIBIIIEMCSI OKHE BhiOUpaem: Structural > Linear > Elastic > Isotropic.

Main Menu &
Preferences
B Preprocessor
Element Type
Real Constants
B Material Props
Material Library
E Temperature Units
E Electromag Units

Material Model

Convert ALPx

Change Mat Num

Failure Criteria
Write to File
Read from File
Sections
Modeling
Meshing
Checking Ctrls
Numbering Ctris
Archive Model
Coupling / Cegn
Loads
Path Operations
Solution
General Postproc
TimeHist Postpro
Radiation Opt
Session Editor
Finish

n Define Material Model Behavior

Material Edit Favorite Help

Material Models Defined

[zM\Material Model Number 1

Material Models Available

Favorites
@& Structural
& Linear
8 Elastic
®
€@ Orthotropic
@ Anisotropic
Nonlinear
€ Density
Thermal Expansion
Damping

£ Crictinn Canfficiant

Puc.9. Bvibop mooenu mamepuana



Jlanee B OTKpbIBLIEMCS] OKHE 3a1aeM Moayib ynpyroctu (EX=2e4) u
ko3¢ durment [lyaccona (PRXY=0.3). Haxxumaem OK.

n Linear Isotropic Properties for Material Murmber 1

Linear Isotropic Material Properties for Matenal Number 1

T1

Temperatures
EX

PRXY

Add Temperature ‘ Delete Temperature ‘ Graph

k. | Cancel | Help

Puc.10. 3a0anue mexanuueckux xapaxmepucmuxk mamepuaia
6. 3axanue reomeTpuu
Coznmanum 4yeTBepTh Kpyra: 3axoauM B Modeling > Create > Areas > Circle
> By Dimensions.
BriOupaem mapameTpsi:
— RADI1 =50;
— RAD2=0;
— THETA1=0;
— THETA2=90.

Haxxumaem OK.



1
AREAS

TYPE NUM AUG 2

Puc.11. I'eomempusi uemeepmu Kpyea
Jlanee C MOMOIIBIO 3TOM TMOBEPXHOCTH CO3MaJUM OOBEM B BHUJE OJHOMU
BOCbMOM "actu cepsl: 3axoquM B Modeling > Operate > Extrude > Areas > About
Axis.

Bri6upaem Haiiry mOBEepXHOCTB:

AREAS
TYPE NUM

Puc.12. Bvibop nosepxnocmu 07151 8b10a61U8aAHUSL BOKpYe ocu ZX



Jlanee BbIOMpaeM TOYKHM Ha OCH, BOKPYT KOTOPOM Oy/ieM MOBOpaYNBaTh
ITIOBEPXHOCTb.

1
AREAS

TYPE NUM AUG 27 2023
17:18:14

Sweep Aress about Axis

* pick " Unpick

Puc.13. Bvibop mouex 0151 8bioasnusanusi 60kpye ocu ZX

B okne Sweep Areas about Axis BBomum ARC = 90 u naxxumaem OK.

n Sweep Areas about Axis
[VROTAT] Sweep Areas about Axis

ARC  Arclength in degrees 50|

MSEG Mo, of velume segments I:I

OK Apply Cancel | Help |

Puc.14. 3a0anue yena ons evioasiusanus 60Kpy2 ocu



1
VOLUMES

TYPE NUM

Puc.15. Obwvem o0Holi 6ocvoMmoti wiapa
Tenepb HEOOXOIMMO CKOMMMPOBATH TAHHBIA OOBEM.
3axonum B Modeling > Reflect > Volumes, BbiOMpaeM 00bEM 1 HAXKMMAEM

OK.

Main Menu

E Preferences

B Preprocessor VOLUMES
Element Type

Real Constants TYPE NUM
Material Props
Sections
= Modeling
Create
Operate
Move / Modify
Copy
B Reflect
A Keypoints
A Lines
& Areas
A
A Nodes
Elements
Check Geom
Delete
Cyclic Sector
Cms
B Genl plane strn
E Update Geom
Meshing
Checking Ctrls
Numbering Ctrls
Archive Model
Coupling / Cegn
Loads
Path Operations
Solution
General Postproc
TimeHist Postpro
Radiation Opt
E Session Editor
E Finish

Puc.16. Bvibop obvema 0151 ompasiceHust OmHOCUMenbHO niockocmu XZ

B okue Reflect Volumes B Plane of symmetry Beioupaem X-Z plane Y.



n Reflect Volurnes

[VSYMIM] Reflect Volumes
Mcomp Plane of symmetry
~ ¥-Z plane

(v ¥-Z plane

" X-¥ plane

KINC Keypoint increment I:I

MOELEM ltemns to be reflected |‘u'n|umes and mesh j

IMOVE Existing volumes will be Copied -

Cancel Help

Puc.17. Bvibop nnockocmu ompasicenus

Tem camMbIM MBI CKONTUPOBAJIM HAILl IEPEBEPHYTHIN 0OBEM.

VOLUMES
TYPE NUM

Puc.17. Bvibop nnockocmu ompasicenus

Hanee nepetinem B Modeling > Copy > Volumes, BbiOMpaeM HIKHUAN

00BEM.



Main Menu

E Preferences
B Preprocessor
Element Type
Real Constants
Material Props
Sections
B2 Modeling
Create
Operate
Move | Modify
= Copy
7 Keypoints
AlLines
7 Areas

alVolumes)
Z Line Mesh
7 Area Mesh
Nodes
Elements
Reflect
Check Geom
Delete
Cyclic Sector
CMs
B Genl plane strn
B Update Geom
Meshing
Checking Ctris

mbering Ctrls
chive Model

ath Operations
Solution

General Postproc
TimeHist Postpro
Radiation Opt

E Session Editor

B Finish

VOLUMES

TYPE NUM

Puc.18. Bvibop obvema 0151 Konupoearust

B OTKPBIBIHICMCS OKHC BBOAUM IIApaMCTPBI:

— Number of copies = 2;

— DY=100;

n Copy Volumes

[VGEM] Copy Velumes
ITMME MNumber of copies -

- including eriginal
DX X-offset in active C5

DY  Y-offset in active C5

| DZ 7-offset in active C5

KINMC Keypoint increment

NOELEM ltems to be copied |Velumes and mesh |

OK Apply Cancel Help |

Puc.19. 3a0anue paccmosnus xonuposarnus




Jlanee MoXeM MPOCTO yIaauTh HIKHUM 00bEM. [lepexonum B Modeling >

Delete > Volumes and below, BeiOupaem 00bEM u Haxxumaem OK.

Main Menu ®

B Preferences E

& Preprocessor VOLUMES
Element Type
Real Constants

TYPE NUM

Material Props
Sections
B Modeling Delete Volume & Below
Create /
Operate / # picx  Unpick
Move / Modify —_—
Copy @ single (" Box
Reflect € rolygon ( cirele
Check Geom &
B Delete
7 Keypoints
# Hard Points
A Lines Only
Z Line and Below
A Areas Only
# Area and Below
A Volumes Only
A
7 Nodes
# Elements
7 Pre-tens Elemnts
Del Concats
Cyclic Sector
CMs
B Genl plane strn
B Update Geom
Meshing
Checking Ctrls
Numbering Ctrls
Archive Model
Coupling / Cegn
Loads
Path Operations
Solution
General Postproc
TimeHist Postpro
Radiation Opt
E Session Editor
E Finish

OLUMES
TYPE NUM

Puc.21. Umozosas ceomempuueckas mooenw



7. Pa3ouBka cetku u nooasjenne dieMeHToB CONTACT u TARGET
Jlist ynooctBa BBenEM KoMaHaHYI0 cTpoKy /PNUM,LINE,1 uro0s! BUETH

HOMEpa JIMHUH U B BEpXHEM MEHIO nepexoauM B Plot > Lines.

1
LINES

LINE NUM

Puc.22. Omobpadsicenus nunuti u ux Homepos
3axonum B Meshing > Size Cntrls > ManualSize > Lines > Picked Lines n

BbIOMpaeM nuHuu 1 u 15. Haxxumaem OK.

Main Menu
& Preferences g
& Preprocessor LINES

@ Element Type oo
= Real Constants LINE NUM

@ Sections
& Modeling
= Meshing
® Mesh Attributes
= MeshTool
& Size Cntrls
& SmartSize

® Check Mesh
& Clear

@ Checking Ctrls

& Numbering Ctrls
An

@ Loads

@ Path Operations
@ Solution
& General Postproc
@ TimeHist Postpro
@ Radiation Opt
& Session Editor
& Finish

Puc.23. Bvibop nunuii ons 3a0anus pasmepos
B oTkpbIBIIEMCST OKHE BBOJMM IIapaMeTpPhI:

— NDIV =28:



— SPACE = 1/10.

n Element Sizes on Picked Lines
[LESIZE] Element sizes on picked lines
SIZE Element edge length

MOV Mo. of element divisions

(MDIV is used enly if SIZE is blank or zero)
KYMNDIV SIZE,MDIV can be changed

SPACE Spacing ratio

1 (=
[==]
g

v

1710

AMNGSIZ Division arc (degrees)

{use ANGSIZ only if number of divisions (NDIV) and
element edge length (SIZE) are blank or zero)

H

Clear attached areas and volumes

oK Apply

9

No

Cancel ‘

Help

Puc.24. 3a0anue pasmepoe KO Ha evibpanHvix auHUlL

Takum 00pa3oM Mbl JOOUIUCH CTYIIECHUS CETKU B LICHTPE MOJICIIH

Puc.25. Bvibop nunuii ons 3a0anus pasmepos

Jlanee mo Tol ke cxeme BelOupaem juHuu 2, 6, 14, 17 u mapamerp SPACE

MmeHsieMm Ha 10.



1
LINES

LINE NUM

Puc.26. Bvibop nunuii ons 3a0anus pazmepos
[To TomMy >xe mpUHIMITY BeIOMpaeM ocTaBiirecs JuHuM, B napamerpe SPACE

CTaBHM IIpo0e.

1
LINES
LINE NUM

Puc.27. Bvibop nunuii ons 3a0anus pasmepos

[Tepexomum B Mesh > Volumes > Mapped > 4 to 6 sided, naxxumaem Pick

All.



1
ELEMENTS

Puc.28. Koneunosnemenmnas mooens (6e3 KOHMAKMHbIX 1eMEHMOB)
Jlanee B BepxHeM MEHIO niepexoauM B Select > Entities. B oTkpbIBIIEMCS
MEHIO BeIOUpaeM Areas, By Num/Pick, From Full naxxumaem OK u BeiOupaem

HYKHYIO TOBEPXHOCTb.

1
ELEMENTS

Puc.29. Bvibop nosepxnocmu 015 3a0aHusi KOHMAKMHBIX 21eMEeHMO8

Jlanee Bce B TOM ke MeHIO BeiOupaem Nodes, Attached to, Areas, all

Haxxumaem OK.



1
NODES

Puc.30. Y3n61 na konmaxkmnou nosepxnocmu
Jlanee mo Takoii ke cxeme BeiOupaeM Elements, Attached to, Nodes
Haxxnmaem OK.

1
ELEMENTS

Puc.31. Koneunvle anemenmsl Ha no8epxHocmu



Hanee 3amaém s 3Tux anemenToB Tum Contact. /{1 aTOro 3axoaum B
Meshing > Mesh Attributes > Default Attribs n BoIOMpaeM HYXHBIE SIEMEHTHI U

KOHCTAHTHEI.

n Meshing Attributes

Default Attributes for Meshing

[TYPE] Element type number -
[MAT] Material number |1—L|

[REAL] Real constant set number ’3—L|

[ESYS] Element coordinate sys ID—LI
[SECNUM] Section number [None defined ]

QK Cancel Help

Puc.32. Bvibop axmuénbix ampudymos KOHeyHbIX /1eMeHMO08
Teneps 100aBsieM /IS TaHHBIX dJIeMeHTOB ThIa Contact 3JIeMEHThI THTIA
Target. Jlns aToro 3axoaum B Modeling > Create > Elements > Surf/ Contact >
Surfto Surf , B otkpeiBIieMcs okHe B Tlab Bottom surface u B Shape Same as

target 1 B MeHIO BbIOOpa HaxxumaeM Pick All.

n Mesh Free Surfaces

[ESURF] Owerlay Elements on Faces of Existing Elements

Tlab Surface element form |B|:|tt|:|rr| curface j
Shape Base shape of TARGE170s -

oK Cancel Help

Puc.33. Ilanenv cozoanus NOBEPXHOCNIHbIX KOHEYHbLX I1EMEHNI06



1
ELEMENTS

Puc.34. Koneunwvie anemenmor muna CONTAI73
Jlanee 1o ToMy ke MPUHIMITY BBIOWpPAEM BEPXHUE FIEMEHTHI HUKHEH 4acTH
MOJICTTH ¥ TIO TOMY K€ ITyTH J00aBJIsIeM yKe /TSl BRBIOPAHHBIX JIEMEHTOB THITBI
anemeHToB Target. Tonbko B okHe Mesh Free Surfaces B Tlab Hy HO OCTaBUTh

Top surfaces.

1
ELEMENTS

Puc.35. Koneunwvie sonemenmor muna TARGET170



8. 3agaHue rpaHMYHBIX YCJI0BHIi

JUist 3aaHUs TPAHUYHBIX YCIOBUM HEOOXOIMMO BbIOpaTh HUKHUE M BEPXHUE
y371bl Mofienu. J{J1s 3TOro B BEpXHEM MEHIO 3aX0AuM B Select > Entities, B
OTKpbIBIIEMCS MeHIO BbIOUpaeM Nodes, By location, Y — Coordinates, B Min/Max

nueM 0 1 Haxxumaem OK.

I select Entities

Nodes >
By Location -

X coordinates
Y coordinates
" Z coordinates
Min,Max

* From Full
" Reselect
" Also Select
© Unselect

Sele All | Invert
Sele None
oK _| _Apply
Plot | Replot

Puc.36. ¥V3ne1 na nusicneti nogepxHocmu HUdCHel cghepbl
Hanee 3axonum B Loads > Define Loads > Apply > Structural > On Nodes.
B otkpriBmiemcs okHe B Lab2 Beioupaem UY, Apply as Constant value, VALUE =
2.

Main Menu

B Preferences

= Preprocessor
Element Type
Real Constants

Coupling / Cegn
B Loads )
Analysis Type al s to be constrainec Al DOF "
B Define Loads Ux
Settings
B Apply
B Structural
B Displacement Apply as
#0n Lines If Constant value then:
#10n Areas VALUE Displacement value
2 0n Keypoints
A

21 0n Node Components
Symmetry B.C.
Antisymm B.C.
Force/lMoment
Pressure
Temperature
Inertia
E Pretnsn Sectn
E Gen Plane Strain
Fluence
Field Surface Intr
Field Volume Intr
itial Condit'n

ad Vector
Functions
Delete
Operate
E Domain Decomp

Puc.37. 3a0anue 3axpennenus co cmeujernuem



[To Tomy ke mpUHLIMITY BBIOMpaeM BepXHUE y3Iibl, HO B okHe Apply U,ROT
on Nodes B napametpe VALUE BBOAUM -2.

1
ELEMENTS

U

Puc.38. Omobpasicenue 3axkpennieHutl
Jlanee HEOOXOAMMO 3aKPENUTh IIIOCKOCTH OCTaBIIHUECS MJIOCKOCTH.

3axoauM BO BCe TOXe MEHIO Select Entities v BBIOMpaeM CIEAYIONINUe MapaMeTphbl:

n Select Entities

Nodes -
By Location ~

# ¥ coordinates

% coordinates
" Z coordinates
Min,Max

P ]
* From Full
" Reselect

" Also Select
" Unselect

Sele all Invert
Sele None
0K Apply
Plot Replot

Puc.39. Cenexmuposanue y3106



ITorom 3aX0AWUM B TO K€ MCHIO JIA HAI'PY30K U BI)I6I/IpaeM CJICAYIOIIncC

napamMeTphI:
E: n Apply URCT on Modes
i [D] Apply Displacements (U ROT) on Modes
Il Lab2 DOFs to be constrained All DOF E
. Ly
g Uz
i WELX w
Apply as |C|:|n5tant*.fa|ue j

If Constant value then:

YALUE Displacement value ICI
Ig_ OK Cancel Help

Puc.39. 3a0anue 3axpennenuii 0ns yciouil cummempuu

NODES
u

Puc.40. Omobpaosicenue 3axpennenuti 6 niockocmu YZ

[To ToMy € MPUHILUITY 3aKPEIUISIEM Y3JIbI 110 KOOpAUHATE Z.



1

NODES

U

Puc.41. Omobpasicenue 3axkpennienutl 6 niockocmu XY

9. Pemienue

[Tepexomum B Solution > Analysis Type > Sol’n Controls, B oTkpsiBIIEMCs

OKHE BbIOMpaeM Cieayrolre napaMeTpbl pacuera:

n Solution Controls

Basic

1 Transient lSoI'n Optionsl Nonlinear lAdvanced NL}

Analysis Options

‘Large Displacement Static M
I” Calculate prestress effects

Time Control

Time at end of loadstep 1

Automatic time stepping |Prog Chosen j

% Number of substeps
© Time increment

Number of substeps 30
Max no. of substeps \40
Min no. of substeps 20

Write Items to Results File

« All solution items
¢ Basic quantities

© User selected

Nodal DOF Solution o
Nodal Reaction Loads

Element Solution

Element Nodal Loads:

Element Nodal Stresses -

Frequency:

|Wrile last substep only j

where N = [1

0K Cancel

Help

Puc.42. Hacmpotixu pewenus




Haxumaem OK. 3amyckaem pacuert. [lepexonum B Solution > Solve >

Current LS, B oTKpbIBIIEMCS OKHE Haxkumaem OK.
10.BbIBOI pe3yabTaTOB
JIiist BBIBO/IA M30IMONIEeH HanpsbkeHuit nepexonuM B General Postproc > Plot

Results > Countor Plot > Nodal Solu, B OTKpbIBIIEMCSI OKHE BbIOMpaeM Stress > Y-

Component of displacement v naxumaeM APPLY.

Main Menu ®|

Preferences

Preprocessor NODAL SOLUTION B Contour Nodal Solution Data
Solution

2 General Postproc S ltem to be contoured

E Data & File Opts

E Results Summary
= Read Results £ Nodal Solution

® Failure Criteria & DOF Solution

o Stress
B Plot Results
E Deformed Shape > @ X-Component of stress

& Favorites

B Contour Plot L
5] 5 3 @ Z-Component of stress
E Element Solu @ XY Shear stress
Elem Table & YZ Shear siress
& Line Elem Res @ XZ Shear stress
Vector Plot @ 1st Principal stress
Plot Path Item @ 2nd Principal stress
Concrete Plot @ 3rd Principal stress
ThinFilm @ Stress intensity
List Results |

& Query Results

E Options for Qutp

E Results Viewer

& Nodal Calcs
Element Table
Path Operations
Surface Operations
= Load Case Additional Options
Check Elem Shape
E Write Results

= Submodeling

Undisplaced shape key

Undisplaced shape key ‘Deformed shape only
Scale Factor ‘True Scale j|7

Apply ‘ Cancel ‘ Help ‘

Puc.43. Bvibop nanpsisxcenuti 6001b ocu Y 0151 ompucosxu

NODAL SOLUTION

Puc.44. Uzonona nanpsowcenuii 60ons ocu Y, Mlla



Jlnis mocTpoeHus rpauka peakui B LEHTPAIbHOM y3iie c(pepbl mepexoaum
B TimeHist Postproc v B BbIIAJAIONIEM aBTOMAaTUYECKH MEHIO HaxxmeM Add data
(3enenslii TUIIOC), BBIOEpEM Reaction Forces > Structural Forces > Y-Component of

force 1 BEIOEPEM COOTBETCTBYIOIININA Y3€IL.

ariables - \file.rst

Select List Plot PlotCtrls WorkPlane Parameters Macro MenuCtrs [y .

a0 s e Fie Help

bar 1 x| B| & 3| &l |None S s Real b

\a Variable List ®
Result Item . Name Element Node |Result Item Minimum |-}

IME Time 0.0333.
« Reaction Forces

« Structural Forces

@ X-Component of force
$mm~ - nlm,

@ Z-Component of force

@ Structural Mamante

i
1
1
L} 3 L
Calculator ®

Result Item Properties

MIN CONJ e’x

MAX I a+ib | LN | 7 8 9 / CLEAR
K App RCL
i rawic wperauuns
1 Generate Spectrm STO I | LOG | 4 5 6 2 -
1Reset Postproc |
adiation Opt INS MEM SQRT
ession Editor ABS l ATAN | ) I 1 2 3 E
inish N
INT1 IMAG T
INV | DERIV | REAL | 0 : + E

Puc.45. Cozoanue epaguka peaxyuu 8 yenmpaivHom y3ie

Haxar Graph data, nonyuum cienyroniui rpaduk:

Puc.46. I paghux peaxyuu 6 yenmpanvrom ysie



11.3ak/r0ouenne

B pabote Obu1 BBIMONHEH pacdeT KOHTAKTHOH 3anaun ['epia nByx chep mpu
CMEILEHNU KaXJ0M Ipyr K Apyry. bbuiM mosnydeHo NaBieHHE B MECTE KOHTaKTa
JIBYMsI CHOCOOAaMH: AHAIMTHUYECKUM W YHUCICHHBIM. B ciyyae aHaIuTH4EeCKOrO

pelmieHusi ObUT TMOJNIYYE€H pe3yabrar o,, = —2798.3 MIla. B cinyuyae umucieHHoro

|-2798.3—(—2986.9)|
2798.3

0,, = —2986.9 Mlla. IlorpemHOCTh YHCICHHOTO PEIICHUS

100% = 6.3%. [lns ynyuiieHus pe3yabTara cielyeT YBeIMUUTh KOJIMYECTBO I1aroB

peLIeHHUs.



Koa nporpamMmmel
FINISH
/CLEAR
/OUTP,,OUT
/PREP7

E=20000 'Mosynb ynporoctu

MU=0.3 'Koapurment Ilyaccona

R=50 'Panuyc chepsl

KOL_LINE=28 'KonmuecTBo pa3OMEeHHs CETKU

PCIRC,R,0,90 |\CO3/IAHUE TEOMETPUN
VROTAT,ALL,,,,.,1,3,90

VSYMM,Y, 1

VGEN,2,2,,.2*R

VDELE,2,,,1

ET,1,SOLID185 !3aganue Tima 3aemenTa Solid
UIMP,1,EX,PRXY,,E, MU I3a1aHne XapakTEpUCTUK Marepuaia

LSEL,S,LINE,,1 lco3manue ceTKu
LSEL,A,LINE,,15
LESIZE,ALL,,,KOL LINE,1/10
LSEL,S,LINE,,2

LSEL,A,LINE,, 17

LSEL,A,LINE,.6

LSEL,A,LINE,, 14
LESIZE,ALL,,, KOL LINE,10

LSEL,S,LOC,Y
LESIZE,ALL,,, KOL LINE
LSEL,S,LOC,Y,2*R
LESIZE,ALL,,,KOL LINE

LSEL,ALL
VMESH,ALL

ET,3,CONTA173 I3amanue Thna snmeMenTa Contact
KEYO,3,4,3 lonuu snementa CONTA173



KEYO,3,10,2 lormum snementa CONTA173
ET,4, TARGE170 !3aganue Tuna snemenrta Target

ASEL,S,,.9 !no6arnenue amemenToB Contact u Target B Mmojiesn
NSLA,S,1

ESLN,S

TYPE,3

ESURF,,BOTTOM

TYPE,4

ASEL,S,,.2
NSLA,S,1
ESLN,S
ESURF
TYPE.4

NSEL,S,LOC,Y !3a1aHre TPaHUYHBIX YCIOBUM
D,ALL,UY,2

NSEL,S,LOC,Y,2*R

D,ALL,UY,-2

NSEL,S,LOC,X

D,ALL,UX

NSEL,S,LOC,Z

D,ALL,UZ

ALLSEL

/SOLU ! MOZyb HACTPOEK peIeHUs
ANTYPE,STAT

NLGEOM,ON ! yuer reoMeTpu4ecKoil HETMHEHHOCTH
NSUBST,30,40,25 !3a1aHre KOJMYECTBA 11aroB PelIeHus
OUTRES,ALL,ALL loTroOpakeHue rpaduka CXOTUMOCTH
SOLVE ! 3amycK 3aJ1auM Ha PEIICHHE

/POST1
SET,LAST
PLNSOL,S,Y !BBIBOJT M30T10JICH JaBICHUS



IIpakTnyeckas padora Neb
PacuéT npeaeibHOro BEpTUKAJIBHOTO aBJIEeHUS IPH TPEXOCHOM

CiKaTuMn

MeToanuyecKue YKa3aHusl K BbINIOJHEHHIO MPAKTHYECKOH padoThl 6

Jlst co3manust pac4ETHONM MO Oy/IeM HCIIONB30BaTh MPENporeccop Ansys
Mechanical APDL.

[Tocne 3anmycka APDL nostBUTCSI OKHO:

File Profiles Options Tools Links Help

Simulation Environment:

o ANSYS v
‘O‘ License:

LNC Ansys Mechanical Enterprise

) Show Legacy Licenses

Customization/ High Performance
Preferences Computing Setup

Working Directory:

Job Name:

Product Help

Puc. 1. Oxno 3anycka npoepammnozo xomniexca ANSYS Mechanical



Psgom ¢ oknom Working Directory HaxkaTh KHOIIKY «Browse...» u BbIOparhb
CBOIO pabouyro aupekroputo. B stoit qupextopun ANSYS Oyner coxpaHsaTh Bce
daitnbl. J{upexTopus AoKHA OBITH cO31aHa 3apaHee. B mMeHax TupeKTopun U My TH
K TUPEKTOPHH JOIYCKAIOTCS TOJIBKO JIATUHCKKUE OYKBBI. Paiom ¢ okHoM Job Name

3ajaeM uMs (Qaia.

B Ansys Mechanical Enterprise Utility Menu (dkkdv)

File Select List Plot Ploﬁgtrls WorkPlane Parameters Macro MenuCtrls Help

NECECRIC B
Toolbar

SAVE_DB| RESUM_DB| QUIT | POWRGRPH

Main Menu @

& Preferences NODES I\nsys
Preprocessor 2023R1
Solution N 22 2023
® General Postproc 22:36:25

@ TimeHist Postpro

@ Radiation Opt
B Session Editor
B Finish

Puc.2. Pabouee okno npoepammmnozo komniexca ANSYS Mechanical



v

P =

VO LI L LTI OGO GTIIO IO TTIe

Puc.3. Cxema HpH60pa I UCIIBITAHUSA Ha TPCXOCHOC CIKATHC

TpexocHoe cxkathue TpyHTOBOro oOpasma sBisercs mnpumepom HJIC
TPYHTOBOTO MaccHBa B TOUYKe (dJeMEHTapHOM oObeMe) Ha TiyOuHe W HamOojee
TOYHO COOTBETCTBYET pabOTE€ TPyHTa B €CTECTBEHHBIX YCIOBHsX. McmbiTanue
NpOBOASAT B jaboparopuu Ha oOpasnax MUIMHAPpUYECKONH (opMbl B Mpubdope
TpexocHoro cxkarud. [IpuninunuansHas cxema npuseneHa Ha Pucynke 1. OGpasen
rpyHTa JOuaMeTpoM He MeHee 38 MM u BbicoToil (2...2.5) D mnopsepraercs
BCECTOPOHHEMY JIABIICHHUIO 02 = 03 M ToNydaeT oObeMHble nedopmaruu. [locie
ATOTO TPU TIOCTOSIHHOM OOKOBOM JMJaBJIIGHUW 07 = O3 = CONSt BEpPTUKAIHHOE
JABJICHUE 01 YBEJIMYMUBACTCS IO MOMEHTa TOTEPH YCTOWYMBOCTH TPYHTOBOTO
o6pasia (g, ).

OcHOBHOM 3a/ayeil MOAETUPOBAHUS SIBIAECTCA OIpEAeSeHHE MpPeleIbHOro
npen

BEPTHKAJIBHOIO JaBJIEHHsA Ha oOpasel o PU Pa3IMIHOM OOKOBOM JIaBJICHHUH

0, = 03 IPU OCECUMMETPUYHOM HArPYyKEHUH.



Takum 00pa3oM, LEIbI0 JAHHOTO BEPU(PUKALMOHHOTO MpUMEpa SBISETCS
MOJICJIUPOBAHUSI TPEXOCHOTO HCHBITAHUS MJS OLEHKA KOPPEKTHOCTH pPabOTHI
Bepudunrpyemoir Mozaenu rpyHTa Mopa-Kyinona B pamMkax 3JI€MEHTapHOTO
o0Bema.

[TonoxuTenbHBIM pe3yabTaTOM BepUUKAIMK OYyIET MOJyYeHHE PABEHCTBA
YPaBHEHHSI YCIOBUS TEKYy4eCTH JUIA KaXIOM MOJENH TpPHU MOJCTAHOBKE
IIOJTYYEHHBIX 3HAYCHUU TaBICHUN:

0, =0, =03, THE G, =0, ).

VYcnoBusa Tekyuectu ajisi Mmoaenu Mopa-Kynona (o1 = 0. = 0; — 2nasHvie
HANPSIAHCEHU):

1—sing 1+sing0_1

% 2ccos @ G 2ccos @
Hcxoonvie oannvle k 3a0aue:
- BBICOTA LUJIMHIpUYecKoro oopasma 2 = 0.1 m;
— muametp d = 0.05m;
— Mopnens rpyHTa: Mop-Kynon
= [Tapametpsl quis mogenu Mopa-Kynona:
— Monyns nedopmanmu rpynara E = 2,510 Ia;
— Ko dpuuuent Ilyaccona v = 0.3;
— VnensHoe cuemnenne (koresus) ¢ = 45-10° Ia;
- Yros BHYTpEHHETO TpeHUs @ = 25 Tpax;
- VYron qunaraHcuu rpyHTa y = 25 rpan;
— Harpy3ska:
— Bcecroponnee nasnenue: 100 xlla;
— HononHutenbHOE BepTUKaibHOE napienue: 3 * 388 = 1164 xlla (B 3
pa3za OoJibllie TPENETLHOTO BEPTHKAILHOTO JIABJICHHS, IMOJIYYECHHOTO U3

ycnoBus Tekydectd Mopa-Kyiona.



Permenue cocTouT U3 IByX pacuyeTHBIX TAIOB:
1. Bcectoponnee ob0xarue o0pa3lia g 1 =02 =0 3.
2. IlpunokeHne MOMOTHUTEILHON BEPTUKAIBLHOW HArpy3ku Ac i, 3aBeOMO
OoJbIIIe ee MPeIeTFHOTO 3HAYCHHUS.

€
Ph= G, + Aas OCYILIECTBIISETCS C

Onpezenenne NPeENbHON HATPY3KH 0
WCITOJIb30BAaHUEM TIPOIEAYPhl aBTOMATHYECKOTO 3aJaHUs IIara MPUPAIICHUS
HArpy3KkH, IJie ¢ YCTaHOBJICHHOM TOYHOCTBIO OMPENESeTCS MOJISI HArpy3KH, MpU
KOTOpOM cHUCTeMa HMEeT ycToWuuBoe pemieHue (yCJIOBHS  CXOAUMOCTH
BBITIOJIHSIOTCS).

JIist ynmydieHus CX0AMMOCTH YUCIIEHHOTO PEIICHMS, B KaueCTBE HATPy3KH JIJIs
2-ro 7Tamna pacuera (IPUJIoKEHUE JOMOTHUTEIbHON BEPTUKAIBHON HArpy3Ku Ady,
3aBeioMO Oosbiie ee mnpenenabHoro 3HadyeHus) B ANSYS MAPDL OGyner
MPUKIAABIBATECS 33JaHHOE CMEIICHUE HUKHEH OMOphl, MEepEeCYUTaHHOE U3

JaBJICHUA:

3akoH ['yka: 0 = E¢
[lepemenienne: u = foh edx = ¢ch

[ToncraBuB nepemenienre B 3akoH ['yka:

Eu ch
c=F—,oTkyilau = —,
p TR E
[me: E — w™onmyns pgedopmanui TpPyHTa, O = ozpeﬂ, h — BeIcOTa

MUINHAPHUICCKOTO 06pa3ua, U — 3aJaHHOC CMCIIICHHUE OIIOPBI, IEPECUMTAHHOC U3

npe
MpeAeIbHOTO AaBJICHUS 01p A MPUKJIaJILIBAEMOE B KAYECTBE 2-T'0 Tara peieHus B

ANSYS.



AHaJIUTHYECKOE pPelIeHue

Bocnons3yemca  ycmoBueM — Tekydyectd g momenu  Mopa-Kynona:

1 —sin 25 1+sin25
012-45-00590 032-45-C0525 B

[ToncraBuB B ycinoBue Tekyuectu Mopa-Kynona 6okoBoe aasienue g3 = 100 klla,
npea_
NOJIyYMM BEIWYUHY IPEAEILHOr0 BEPTUKAIBHOIO JaBieHus o, =388 klla.
npes_
ITonydyennoe 3Hauenue o, =388 OyHeT ONpPENCIECHO Ha OCHOBE YHCIICHHOIO

MOJICIMPOBaHUSI B MporpaMMHOM Kkomruiekce Ansys Mechanical APDL ¢

MCMOJIb30BaHUEM MOJENM TacTuayHOCTH Mopa-Kynona.



Pemenune ¢ nomompio Ansys Mechanical APDL

1. 3auaﬂne THIIA KOHCYHBIX 3JICMECHTOB U X IMapaMeETpoB
B Main Menu niepexonum B Preprocessor > Element Type > Add/Edit/Delete

B oTkphiBiieMcs okae (Element type) naxkumaem kaonky Add:

SAVE_DB| RESUM_DB| QUIT| POWRGRPH]|
Main Menu =il
B Preferences I Element Types %
& Preprocessor
& Element Type

[=] ddlEdelel Defined Element Types:

B Switch Elem Type INONE DEFINED

& Add DOF

E Remove DOFs
El Elem Tech Control
@ Real Constants
@ Material Props
@ Sections
@ Modeling [N
@ Meshing
@ Checking Ctris
Numbering Ctrls
@ Archive Model
@ Coupling / Ceqn
& Loads
@ Path Operations
@ Solution Z X
& General Postproc
@ TimeHist Postpro
= Radiation Opt
B Session Editor
& Finish

Close

Puc.4. Oxno Element type
B otkpriBiIeMcs okHe B Oubimoteke snementoB (Library of element types)
BeiOupaem Solid — 20 node 186 (Tpexmepnsbrii 20-TH y3710BOM MEXaHUYECCKHIA
KOHCYHBIN 37eMeHT). B sueiike Element type Bmecto 1 craBuM 3 (CCBIIOYHBIN

HOMCP JaHHOT'O THIIA BHeMeHTa).

Main Menu asll

& Preferences
& Preprocessor

= g Defined Element Types
5 Switch Elem Type g
B Add DOF
E Remove DOFs
E Elem Tech Control
@ Real Constants
@ Material Props
@ Sections
@ Modeling b
& Meshing
@ Checking Ctrls
@ Numbering Ctris
@ Archive Model
@ Coupling / Ceqn
@ Loads
@ Path Operations
@ Solution
@ General Postproc

BN Library of Element Types

Library of Element Types

@ TimeHist Postpro
@ Radiation Opt

£ Session Editor
& Finish

Help

Puc.5. Boibop muna koneuno2o snemenma



JInst nonoaHUTENbHOM HacTporku n3MeHuM oniuu (komanaa KEYOPT) nns

koHeyHoro yiementa SOLID186.

B komaHIHOM CTpOKE MPOMUCHIBAEM:
KEYOPT,3,2,1
KEYOPT,3,3,0
KEYOPT,3,6,0
KEYOPT,3,8,0
['me: 1i mapamMeTp — CCBUIOYHBIA HOMEP AAHHOTO THIIA JJIEMEHTA;
21 mapamMeTp — HOMep ONIIUHU JIJIs JaHHOTo KoHewHoro 3ementa SOLID186
(Oonee mogpoOHO ONUMK ISl HACTPOMKM MOKHO M3Y4UHUTh B pazzaene Element
Reference B cipaBke ANSYS Help);

3if mapamMeTp — 3HaUYC€HUE JAaHHOU omnuuu (1o ymoyanuio 0).

. Co3nanue reomerpuu

Cozmaem mwmuHap. s sroro mepexoaum B Preprocessor > Modeling >
Create > Volumes > Cylinder > By dimensions. B oTkpbIBIIeMCS OKHE
MPOIMUCHIBAEM BXOJHBIC IMAapaMETPhl T€OMETPUUECKOW MOJENU (CM. HCXOJHBIE
naHHbIe) 1 HaxxuMaeM OK:

n Create Cylinder by Dimensions

[CYLIND] Create Cylinder by Dimensions

RADT  CQuter radius 0.025

RADZ  Optional inner radius

Z1,Z2 Z-coordinates | 0 | ‘ 0.1

THETA1 Starting angle (degrees) ICI

THETAZ Ending angle (degrees) 60

oK Apply Cancel Help

Puc.6. 3aoanue napamempos yununopa




B rpaduueckom okae ANSY'S nosiBUTCS IMIHMHIPUUYECKOE 0OBEMHOE TEJIO:

FICK & Imenu e ol

TYPE NUM AUG 17
11:

Puc. 7. 'eomempuueckas modenv yununopa



3. 3aganue nmapametrpoB moaeau Mopa-Kysiona

Ha cnenyromem mare B ANSY'S HykHO BBIOpaTh MOZICITh MaTepHaia (MO
wractudHoctd Mopa-KynoHa), KOToOpyr0 MOKHO 3ajaBaTh 4depe3 rpaduueckuii
uatepderic B Main Menu, 1160 yepe3 KOMaHIHYIO CTPOKY, BBITIOJIHHB CIICAYIOIINE

KOMaHAbI, OIIUPAACh HA UCXOJAHBIC JJaHHBIC!

MP,EX 1.2 5E7
MP,NUXY,1,0.3
TB,MC, 1, BASE

7 RN

TBFIELD TIME,0
TBDATA 1,25 45E3,0,25 45E3

I'me: MP — Material Property (cBoiicTBO MaTepuraia) JJis Ha3HAYCHUS MOTYJIS
nedopmanmu EX u koaddurnenrta ITyaccona NUXY . 3nauenue «1» cooTBETCTByeT
CCBUJIOYHOMY HOMEpPY MaTepuara.

TB — akTuBUpyeT TaOJIMYHBIA BBOJ JAHHBIX VISl ONPEIeNICHUs] HEIIMHEWHBIX
naHHeIX o Mmartepuane. [lapamerp MC B komanzae TB cooTBeTcTByeT Mojenu
matepuana Mopa-Kynona ¢ 6azoBeimu (BASE) nactpoiikamu maTepuana.

TBFIELD - Omnpenenser Tabmuny panHHeix (TB) kak 3aBUCAIIYIO OT
BHyTpeHHUX TmiepeMeHHbIXx ANSYS (B manHOM ciydae ot Bpemenu TIME).
Heobsazamenvuas komanoa

TBDATA — onpenensiet TabauIly TaHHBIX JIJI MATEPUATIOB, 3aJJaHHBIX Yepe3
koMaHay [B. 3HaueHue «l» COOTBETCTBYET NO3WMUMK B TaOJIUIE JaHHBIX.
[Tocnemyromue mapamMeTpbl MMEIOT CJEAYIOIINE CBOMCTBA: Yeon @HympeHHezo
mpenusi, yoelbHOoe cyenjieHue, yeol OUNamaucuy, peoyyupoSaHHull V2o

BHYMPEHHe20 MpeHUsl, pe0yYUpPO8aHHoe yOelbHoe CYenieHue

4, Coznanmne cetku KD
Pazo0Obem 1munuHApUYECKUil 00BEM CIIEIYIONUM 00pa3oM: 3agaauM pa3Mep
cetku ESIZE papnbiii 0.01 (B 5 pa3 MeHblle, 4eM AUaMETp MUJIMHIPA) U KOMAHOM
“VSWEEP” noctpoum cetky o6bemMHubIX KD ni1s nununpa:
Main Menu>Preprocessor>Meshing>Size Cntrls>ManualSize>Global>Size



u Global Element Sizes

[ESIZE] Global element sizes and divisions (applies only
to "unsized" lines)

SIZE Element edge length

0.01
NDIV No. of element divisions -

- (used only if element edge length, SIZE, is blank or zero)

OK Cancel Help

Puc.8. 3aoanue pazmepos KO
Main Menu>Preprocessor>Meshing>Mesh>Volume Sweep>Sweep>Pick all

N xomangamu.

ESIZE,0.01
VSWEEP,ALL =

Pick a menu item or enter a command (PREPT)

B rpaduueckom okne ANSY'S nonyuum cnegyromyo KO Mozens:

1
ELEMENTS

Puc.9. K3-mooenv yununopa



5. 3amaHue rpaHUYHBIX YCJI0BUIA

Jlnis co3maHusl 3aKperuieHui BBIOMpaeM HEOOXOAMMBbIE MOBEPXHOCTH, IS
ATOTO MOXKHO BbIOpaTh moBepxHocTH AREA ¢ mnomompio rpadudeckoro

untepdeiica Utility Menu > Select > Entities >Areas>By Location u uascamo

Apply)

n Select Entities

Areas <
By Location ~

© X coordinates

¥ coordinates
* Z coordinates
Min.Max

o

% From Full
" Reselect
© Also Select
" Unselect

Sele All Invert
Sele None| Sele Belo

OK Apply
Plot Replot
Cancel Help

Puc.10. Boibop nosepxnocmu ¢ koopounamoti Z=0

JIubo c momompro komaHabl Bbibopa ASEL moepxnocteit AREA mo
KoopauHaTte Z=0, 3anucaB B KOMaH/IHYIO CTPOKY CIEAYIOIIYI0 KOMaHIy:

ASEL,S,LOC,Z,0

Jlanee 3amaeM 3aKperuieHUs 3TOM MOBEPXHOCTH. [li1g 3TOro mepexogum B

Preprocessor > Loads > Define loads > Apply > Structural > Displacement > On

areas, B oTkpbiBIIeMcs: okHe HaxumaeM Pick All, B criemyromeM okHe BbIOMpaeM

UX u naxxumaem Apply. Ananoruuno 3akperuisem o UY u UZ:



n Apply U,ROT on Areas

[DA] Apply Displacements (U,ROT) on Areas
Lzb2 DOFsto be constrained

Apply as
If Constant value then:

VALUE Displacement value

0K | Apply |

AllDOF
Ux
Uy

v
@ Antisymm B.C
Constant value A © Force/Moment

]

Cancel

Main Menu
m Preferences
= Preprocessor
@ Element Type
@ Real Constants
= Material Props
@ Sections
@ Modeling
@ Meshing
m Checking Ctris
m Numbering Ctris
@ Archive Model
@ Coupling / Cean
= Loads
w Analysis Type
© Define Loads
@ Settings
= Apply
= Structural
= Displacement
2 On Lines

Eal
# On Keypoints
& On Nodes

7 On Node Components

B.C

m Sy

@ Pressure
© Temperature
@ Inertia
E Pretnsn Sectn
E1 Gen Plane Strain
@ Fluence
@ Field Surface Intr
1 Field Volume Intr
| Initial Condit'n
© Load Vector

Help ‘ m Functions

= Delete

m Operate
m Domain Decomp
@ Load Step Opts

Apply UROT on

Puc.11. Boibop nosepxnocmu ¢ koopounamoti Z=0

Jlanee mpormceiBaeM komanay ALLSEL (wm B Utility Menu >
>Everything) u BeiOupaem (c omrmerr Unselect mis toro, 4roObl yOpaTh MX H3

Habopa) BEPXHIOI0 W HIDKHIOIO TPAaHU 110 KOOpAUHATaM Z:

B select Entities

Areas =

BN select Entities

Areas hd

‘E!y Location j

|By Location j

Sele All

Sele Nnnel Sele Belo

" X coordinates © X coordinates

© ¥ coordinates © Y coordinates

 Z coordinates % Z coordinates

Min.Max Min,Max

m © From Full

© Reselect " Reselect

" Also Select " Also Select
@ Unselect

Invert Sele All Invert

Sele Nune| Sele Belo

0K

Apply M M

Plot

Replot Plot Replot

Fancal |

Puc.12. Yoanenue uz eviopannozo nabopa nogepxrnocmeii ¢ koopounamamu 2=0 u

Heln | Cancel Hel,

z=0.1

Select



MoxHO clenaTh Tak K€ KOMaHJaMHU B KOMAaHJHOW CTPOKE 4Yepe3 KOMAaHIy

ASEL c omueit U (Unselect):

ASEL,U,LOC,Z,0
ASEL,U,LOC,Z,0.1

Jlns ynoOcTBa nanbpHeleld paboThl C MOBEPXHOCTIMH, CO3AaUM UMEHHBIC
KOMIIOHGHTBI Il ocTaBmmmxcs mociae Unselect moeepxHocrteidt. Jlns 3Toro
naxxumaeM B Utility Menu > Select > Comp/Assembly>Create Component (/mu
xkomanoou CM,SIDE,AREA)

n Create Component

[CM] Create Component

Cname Cemponent name ||'SIDE |

Entity Component is made of |Areas j

oK Apply Cancel Help

Puc.13. Cozoanue komnonenmuol (epynnol nosepxnocmet)

U tak xe Beioupaem Select > Everything(komanna Allsel B komanmHoi
CTPOKE).
Jlanee BbIOMpaeM BEPXHIOIO I'PaHb U TaK K€ 3a/1aeM 3aKPEIUICHUS 110
HamnpasieausM UX,UY. Uepe3 koMaHIHYIO CTPOKY KOMaHaMU:
ASEL,S,LOC,Z,0.1
CM,LOW,AREA
DAALL,UX
DA,ALL,UY
ALLSEL



re:
ASEL,S — Beibop noBepxHocTeit AREA B HOBBIT Ha0boD;
CM — co3ganue KOMIOHEHTEI ¢ uMeHeM LOW;
DA — 3akperuienne Bcex (ALL) BEIOpaHHBIX TOBEPXHOCTEH 110

HamnpasyienusMm UX u UY.

Komanmoi SFTRAN (Preprocessor>Loads>Define
Loads>Operate>Transfer to FE>Surface Loads) Ilepenecem MOBEpXHOCTHBIC

Harpy3KHu(3aKperyieHus1) MOJIETIU B KOHEYHO-3JIEMEHTHYIO MOJIEb!

5 Preferences
B Preprocessor ELEMENTS
Element Type
Real Constants
Material Props

Sections
Modeling
Meshing
Checking Ctrls
Numbering Ctrls
Archive Model
Coupling / Cegn
B Loads
Analysis Type
B Define Loads
Settings [SFTRAN] This function transfers surface loads from currently
Apply
Delete

B Operate ¢
Scale FE Loads Cancel
B Transfer to FE

El All Solid Lds
B Constraints
E Forces
=
E Body Loads
E Delete LS Files
E Domain Decomp
Load Step Opts
Path Operations
Solution
General Postproc
TimeHist Postpro
Radiation Opt
& Session Editor
= Finish

B Transfer Solid Model Surface Loads to Elements

selected lines and areas to currently selected elements.

Puc.14. Ilepenoc nazpy30Kk u epaHudHbIX YCA0BUL C 2e0MEMPUUECKOU MOOeTU Ha

KOHEYHO-I1EMEHNIH)YIO MoOeb

JlaHHast KOMaH/1a SBJISIETCS HE0O0s3aTeIbHOM, B HOBBIX Bepcusix ANSY S

MNEPEHOC I'PaHUYHBIX yCJ'IOBPIfI IMPONCXOAUT aBTOMATHUYCCKHU.

Hanee BpimonHuM komanay ALLSEL.



6. Pemienue

Jl1st TOro, 4ToOBI BBIIOJIHUTH PACY€T, HEOOXOAUMO MOIIArOBO B KOMAaHIHOM
CTPOKE BBIIIOJHUTH CIETYIOIINI CKPUIIT:
/SOLU

antype,0

eqslv,SPARSE,1e-5

nlgeom,on

nropt,unsym

cnvtol,U,,0.005

cnvtol,F,,0.005

OUTRES,ALL,ALL

Time,1

SFA,SIDE,,PRES,Q

NSUBST,100,500,100

SOLVE

Time,2

DA,LOW,UZ,(-Q2/2.5E7*H)*3

NSUBT,600,600,600

SOLVE
I ' ne:
/SOLU — nepexoaum B Pematenns ANSY'S;
Antype,0 — BeiOupaem THM peraTesns s 3aa4i — CTATUISCKUN aHaJu3;
Eqgslv,SPARSE — Bwibop meroma pemenust it CJIAY (Cucrem JIuHeHHBIX
AnreOpandeckux YpaBHeHuii), mapametrp SPARSE - paspexeHHbId mOpsMoin
pematens (Sparse direct equation solver);
Nlgeom,on - Bkmoyaer 3pQPeKThl reoMeTpUYECKON HETMHEWHOCTH (HapyIICHUES

JMHENHOMN 3aBUCUMOCTH MEXAY HAarpy3KOil M MepEMEILEHUSIMH );



Nropt,unsym — Hacrtpoiika HenuneliHoro pemarens Herotona-Padcona ¢ ommmeit
Unsym - nosnbiii meton HproroHa-PadcoHa ¢ HECUMMETpHUYHBIMU MaTpHUILIAMH
HIIEMEHTOB;

Cnvtol,U,,0.005 - YcranaBnuBaer 3HaueHHs Kputepus cxomumoctd (0.5%) mns
HEJIMHEHHOTO aHaM3a (CX0AUMOCTh 10 TiepemerieHusiM U)

Cnvtol,F,,0.005 - YcranaBnuBaer 3HadeHus kpurepus cxomumoctu (0.5%) s
HEJIMHEWHOTO aHau3a (CX0IUMOCTh 110 criiaM F)

OUTRES,ALL,ALL - VYmnpapnser NaHHBIMH peIISHUs, 3alUChIBAEMBIMH B 0a3y
naHHbIX. 3anucsiBaeM Bee (ALL) pesynbrarsl aiig Becex (ALL) maros pemenus;
Time,1 - YcranmaBnuBaetr Bpemst TIME=1 mis Tekymero mara Harpysku. [lpu
TIME=1 mopenupyem NepBbIid U3 PACUETHBIX ATAMOB (CM. MOCTAHOBKY 3a/1auu):
BcecToponnee o0xartre o0pasiia;

SFA,SIDE,,PRES,100E3 — 3amaer mnoBepxHocTHble (SFA) Harpy3ku B BHJIC
nasnenuss PRES na umenHyro kommoneHTy mnoBepxHoctedt SIDE co 3naueHuem
nasienus 100E3;

NSUBT,100,500,100 - Vxka3wiBaer kosmuectBo moamaroB pemeHus (NSUBST =
TIME/AT) ansa texymero TIME (HauanbHOE KOJIMYECTBO IIAroB, MAaKCUMAJILHOE U
MHUHHMAaJIbHOE KOJUYECTBO)

Solve — 3amyck 3a7a4u Ha pacyer;

Time,2 - VYcranaBiauBaer Bpems TIME=2 nns tekymero miara Harpysku. [lpu
TIME=2 monenupyeM BTOpPO M3 pacUETHBIX ATAMOB (CM. IMOCTAHOBKY 3aJlayu):
JlomoTHUTENBPHOE BEPTUKAIBHOE JTaBJICHHC,

DA,LOW,UZ,(-388E3/2.5E7*0.01)*3 — [IpukiaasiBacT 3aaHHOE CMEIIICHHE OITOPHI
(DA) nns umennoit kommoHeHThl LOW mo nampasnenuiro UZ co 3HaueHHEM
CMEIICHUS, BBIYUCICHHOTO 4Yepe3 MpelebHOE BEPTUKAIBHOE JABICHUE 01 Yepe3
3aJlaHHO€ CMEIICHUE HIDKHEW OTOPHI JJIS JIYUIIeH CXOJUMOCTH (CM. MOCTAaHOBKY
3a/1a4M)

NSUBT,600,600,600 — Yka3biBaeT xosnmuectBo mojmaroB pemenus (NSUBST =
TIME/AT) ans texymero TIME (HauanpHOE KOJMYECTBO IIAaroB, MAaKCUMAIILHOE U

MHHHUMAJIBHOC KOJII/I‘ICCTBO)



Solve — 3amyck 3a7auu Ha pacyer.

ITocne 3allyCKa Ha PacCucT IIOABUTCA Fpa(I)I/IK CXOAMMOCTH YHUCJICHHOI'O pCHICHUA:

.... @
. . w

€0 80 ]
70 90

30 50 10
Cumulative Iteration Number

Puc.15. Xo0 pewenus 3a0auu



7. BpIBOJ pe3yJbTATOB

JInst BBIBOJIa pe3yJbTaTOB MOjeIupoBaHus (1-e riaBHbIC (pacTITUBAIOIIKE)
mwiacthuyeckue aedopmanun) Heodxomumo mepeitm B General Postpoc >Plot

Results > Nodal Solu > Plastic Strain > 1% Principal plastic strain

Pick a menu item o
NODAL SOLUTION

STEP=2

SUB =600
TIME=2

EPPL1 (AVG)
DMX =.004656
SMX =.112774

NOV 9 2023
23:37:16

Puc.16. Mexanusm paspywenus obpaszya

(1-2 unsapuanm nracmuueckux degopmayuii)



Jliist orobpaxenus rpadrka U3MEHEHHUS BEPTUKAIBLHOTO JTABJICHUS 01

H€O6XOI[I/IMO BBIIIOJIHUTD CJICAYIOIIHNC KOMAaHAbBI:

/post26

NSEL,S,LOC,Z,0

*get,numbnod,node,,count

node=1

node=ndnext(node)

rforce,2,node,f,z

*do,i,1,numbnod-1

node=ndnext(node)

rforce,3,node,f,z

add,2,2,3

*enddo

plvar,2

rie:

/post26 — 6x00 6o epemennoll nocmnpoyeccop 05 NOCMPoeHus. 2paghuros
pelleHus, 3asUcumoe om pemMeHu

NSEL,S,LOC,Z,0 - Bwibupaem ece y3zavt 6 Hoswiii nabop NSEL,S no xoopouname
Z=0 (20e pacnonooicena onopa);

*get,numbnod,node,,count — 3ampammBaer u3 06a3bl gaHHBIX ANSYS 3HadeHme
KOJIMYECTBA Yy3JI0B M COXPAHSAET €ro KaK CKaJspHBIA mapaMmerp (4YUCIIO) B
nepeMeHHyro numbnod;

Rforce,2,node,f,z — Co3naer rpaduk (CCHUIOYHBIN HOMEpP 2) CHIIBI PEAKIUN OTOPBI
y311a ¢ Homepom hode=1 o HanpasieHuo Fz

*do,l,1,numbnod-1 - Onpexaenser Hayano nukia *DO nepemenHoit |, mpoxoasiieit
3Hayenue ot 1 1o numbnod-1.

node=ndnext(node) — onpenenseT HOMEp CIEIYIONIIETO y3J1a B Habope



Add,2,2,3 - JloGaBiisieT (CyMMUPYET) TIepeMEHHBIC TpaUKOB (CyMMHUpPYET rpaduk 2
1 3 ¥ 3alKCBIBAET €ro BO 21 HOMEDP)
*enddo - 3asepuwaem yuxn evinoanenus u 3anyckaem yukiuieckoe oeucmeued

Plvar,2 - Omob6paocaem epaghux co ccoiiounvim nomepom 2.

ITocne BbIMIOTHEHUS JOaHHBIX KomaHa B rpaduueckom okHe ANSYS
0TOOpa3uTcs rpauk 3aBUCUMOCTH onopHOM peakiuu Fz ot Bpemenu TIME. Ilpu
3HaueHnn cwibl 800 rpaduk BBIXOJUT HA AaCHMITOTY, COOTBETCTBYIOIIAs

NpenesIbHON HeCyIel ClIOCOOHOCTH:

VALU

Puc.17. I'pagpux 3snauenuii peaxyuu onop



Jlist nepexona ot rpaduka cui Fz k rpaguky gaBiaeHus 6; (COOTBETCTBYIOIIAS
01), HY’)KHO JTaHHBIN Tpaduk pa3faenuTh Ha IUIOMAasr TpyHTOBOro oOpasma. Torma
buHaTBHBIN CKpUNT, oOTOOpaxaromui Tpaduk Gi, MO KOTOPOMY BO3MOKHO
OTIpeIeNeHre MPEIEbHON Hecyeii CIoCOOHOCTH ) PEA Gymer cremyrommm:
/post26

nsel,s,loc,z,0

*get,ncount,node,0,count

*get,NNUM,node,0,num,min

RFORCE,2,NNUM,F,Z

*DO,1,1,ncount-1

NNUM=NDNEXT(NNUM)

RFORCE,3,NNUM,F,Z

ADD,2,2,3

*ENDDO

plvar,2

prod,3,2,,,,,,1/((4*atan(1)*D**2/4)*1000)

plvar,3

B pesynbrare nomyunm cienyromuii rpaduk BEpTUKAIBHBIX HAMIPSIKEHUH, TT0

pe3ysibTaTaM KOTOPOTro MOYKHO YCTAHOBHUTD, UTO MPE/IeNIbHAs HECYIAsk CTIOCOOHOCTh
JIAHHOTO TPYHTOBOTO 00pa3iia COOTBETCTBYET BEPTHKAILHOMY JIABJICHHIO 0 @ ' ~

388 klla, yTo cooTBEeTCTBYET yCaoBHIO TeKydecTu Mopa-KyroHa:



Pick a menu item ¢

U HanpisiCcernus

%

Puc.18. I'pagux 3nauenu



8. Pemienue Ha ocHOBe MoJeu MiacTuaHocTH [[pykepa-Ilparepa
CxoxuMm oOpa3oMm pemiaercs 3ajada Ha OCHOBE MOJEIU IUIACTUYHOCTH

Hpyxepa-lIparepa. Monens matepuana Mopa-Kynona 3agaBaiack KOMaH1aMu:
TB,MC 1, ,BASE

7 RN

TBFIELD TIME0
TBDATA 1,25 45E3 0,25 45E3

Jns ucnosib30BaHusl MoJienu miactuaHoct J[pykepa-Ilparepa Heo6xoaumo
3a/1aTh CIACAYIOIMIUMA KO
TB,EDP,1,1,2,LYFUN
TBDATA,1,alpha,sigma
tb,edp,1,1,2,LFPOT

['ie mapameTpsl a ¥ 0 ONpeesSIoTCs CASAYIOIMNM 00pa3oMm:

a= 2xsin(¢) . _ 6*cxcos(¢)
(V3+(3-sin(e))’ (v3+(3-sin(e))

1
NODAL SOLUTION

.312E-03 008361 L0l641 024459 L0
.00433¢ .012385 .020434 .028483

Puc.18. Mexanuszm paspywenus obpaszya (1-ii uneapuanm niacmuyeckux

depopmayuti) Ha ochose moodenu Jpykepa-Ilpazepa



9. 3akjaoueHue

B nanHoil pabGoTe ObUT MNpPOU3BEACH PACUET MPENEIBHOTO 3HAYCHUS
BEPTHUKAIBHOTO JABJICHUS IIPU TPEXOCHOM C)KAaTHUHU JBYMSI METOJIaMHU-UHCICHHBIMU
B [1O ANSYS u ananutudecku. O6a pemieHus CXoaATcs K eAUHOMY 3HAUYEHHUIO C
HEKOTOPO# morpenrHocThio. [lpu yBenmuuenun npeaensHoro 3HadeHuss B ANSYS
rpaduk mepectaer pacTH, JOCTHTas BCE BPEMS OJHOTO M TOTO )K€ MaKCUMaJIbHOTO

3HAYEHUS, PABHOTO aHAJIUTHYECKOMY.
KO/ ITPOI'PAMMBI

FINISH

ICLEAR

/PREP7 I Bxoa B mpenporieccop

13amanne UCXOIHBIX JaHHBIX

D=0.05 I uametp = 5S0MM

N=20 ! Yucno pa3z0oueHuit

H=0.1 ! Beicota = 100 mm

c =45E3 ! ko3 duIeHT ¢

D =0.05

al =25 I Yron BHyTpeHHEro TpeHUs
a2 =25 ! Yron aunataHcuu rpyHTa
Q2 = 388E3

Q = 100E3 ! IloBepxHOCTHas Harpy3Ka
EG =2.5E7

! IlocTpoeHne TeOMETPUUECKON MOJIEIIH



cyL4,,D/2,,,H ! YerBepTh HUAMHAPA(WIA BECH LUIUHIP)

! 3amanue napaMeTpoB MaTepuala

ET,3,186 ! 3amanue tuna KO
KEYOPT,3,2,1

KEYOPT,3,3,0

KEYOPT,3,6,0

KEYOPT,3,8,0

MP,EX,1,EG I Moayine ynpyroctu
MP.NUXY,1,0.3 ! Koapdunuent [lyaccona

TB,MC,1,,,BASE
TBFIELD,TIME,O

TBDATAL, al, c,a2,al, c

! Co3manue cetku KD

ESIZE,0.01 ! Be16op miara
VSWEEP,ALL ! Co3tanne KOHEYHO-2JIEMEHTHOU CETKU
metonoM SWEEP

! 3agaHne TpaHUYHBIX YCIOBUM

ASEL,S,LOC,Z,0 ! Be1Oop HUKHEH rpaHu
DAALL,UZ ! 3akpemienue o UZ
DAALL,UX I 3akpemenue mo UX
DA ALL,UY ! 3akperienue no UY

ALLSEL



ASEL,U,LOC,Z,0 ! Beipe3 HIOKHEH TpaHu

ASEL,U,LOC,Z,H I Beipes BepXHeU rpanu
CM,SIDE,AREA ! BoKOBOE 3aKperIeHHE

ALLSEL

ASEL,S,LOC,ZH I Be16op BepxHeil rpanu
CM,LOW,AREA ! 3akperuieHre 1Mo HUKHEW TpaHu
DAALL,UX I 3akpemenue nmo UX

DAALL,UY I 3akpemnenue mo UY

ALLSEL

SFTRAN

ALLSEL

EPLO

ALLSEL

/SOLU I Pemmatens

antype,0 ! CtaTnyecKuii aHAIIN3

eqslv,SPARSE ! Beibop metona pemennst CJIAY
nlgeom,on ! 'eomeTprueKas HEIMHEMHOCTh
nropt,unsym ! Hactpoiika HenuHeHoro pemarens Hprotona-
Padcona

cnvtol,U,,0.005 ! Kputepuii CXOOQUMOCTH 151 HETMHEHHOTO

ananuza(Ilepemenienus)

cnvtol,F,,0.005 ! Kpurtepuii cXOAUMOCTH AJIsI HEJTMHEHHOTO
ananu3a(Cub)
OUTRES,ALL,ALL ! BeiOop JaHHBIX 1Sl 3aMKUCH B (Daii pe3ynbTaToB

Time,1 ! MoaenvupyeM NnepBblii U3 PACYETHBIX 3TANOB



SFA,SIDE,,PRES,Q ! bokoBast Harpy3Kka

NSUBST,100,500,100 ! KommuecTBO MOIIAroB penieHus

SOLVE I 3anmyck 3aiauun Ha pacuert (1if aTamn)

Time,2 ! MoaenurpyeM BTOPOH pacueTHBIN 3Tamn
NSUBT, 600,600,600 ! Yka3bIBaeM KOJUIMYECTBO MOJIIATOB PEIICHUS

DA,LOW,UZ,(-Q2/EG*H)*3 ! 3agaHHOE CMEIIEHUE OIOPHI

SOLVE I 3amyck 3aauu Ha pacuet (21 »Tam)

/post26 ! Bxox nmoctnporueccop

NSEL,S,LOC,Z,0 ! BeiOupaeM y37bl ¢ KoopiuHaTou z=(
*get,numbnod,node,,count ! 3anpamBaeM 3HaYCHUE KOJUYECTBA Y3JIOB
node=1

node=ndnext(node) ! OnpenensieM HOMEP CIACAYIOIIETo y3Jia B Habope
rforce,2,node,f,z ! Co3maet rpadMK CHIIBI PEaKIIUU OTOPHI y3j1a

! C HomepoM node=1 no Hanpasnenuto Fz
*do,i1,1,numbnod-1 I OnpenenseT Havao nukia *DO nmepeMeHHO# 1,
I mpoxopsieit 3Hauenue ot 1 7o numbnod-1
node=ndnext(node)
rforce,3,node,f,z I Co3paet rpaduk CHIIBI peakIuy OTOPHI y3iia
I ¢ Homepom node=1 no Hanpasnenuto Fz
add,2,2,3 I loGaBisieT (CcyMMUpPYET) MepeMeHHbIe TpaduKoB
I (cymmupyer rpadguk 2 u 3 1 3aKcbIBaeT €ro Bo 2i HoMep)
*enddo

plvar,2 ! Oto6paxkaer rpaduk 2 cui Fz

prod,3,2,,,,,,1/((4*atan(1)*D**2/4)*1000)
! VMHOXeHue rpaduka cuil Ha 1/miomanp

plvar,3 ! OTobpaxkaet rpaduk 3 HanpspkeHU curma 1



IIpakTHyeckas padora Ne/

Pacuyer KOHCTPYKUMH C y4eTOM I'eHeTHYECKOM HeJIMHEHHOCTH

MeToanuyecKkue yKa3aHus K BbINIOJHEHHIO MPAKTHYECKOH padoThl /
1. ITocTaHOBKA 3a1a4u

Heobxoaumo  cpaBHUTH  pe3ysbTaTbl  CTaTMYECKOro  pacuéra s
OJJTHOMOMEHTHOM CXEMBI U C YYETOM T'€HETUYECKOW HEIMHEMHOCTH Ha moAenu 11-
T 3TAXXHOTO 3JaHUs, a UMEHHO: NEepeMelIeHus Mo BA0Jb ocu koyoHH (OY) u
3HAUEHHUS MPOJOJBbHBIX CHJI B KOJIOHHaX. [lmaH TumoBoro staka MpuBEOEH Ha
PUCYHKE HIXKE, BEpPXHUH OJTax SBISAETCS JKECTKUM, MO MEPUMETPY ITaxa
PacIONOKEHBI CTEHBI, @ BJIOJb CTOPOHBI C SIAPOM KECTKOCTU — TPETh CTEHbI. Ha
Ka)KJIOM 3Talle BO3BEICHUS HA ITaX 3a1a€TCs NOJIE3HAs1 HATpy3Ka

ql = 15kH/m2, (1)

a Ha IOCJIEeHEM, 12-0M, 3Tane BCe 3TaKU HATPYKAOTCSI TOTIOJHUTEIbHON
Harpy3kKou

q2=10 kH/m2 (2)

Ha ypoBne 3emnn z = OM 31aHHE )KECTKO 3aKPETUIEHO

TpeOyeTtcs pemuTh 3a1auy B mporpaMMHoM komruiekce ANSY'S metogom
KOHEUHBIX 3JIEMEHTOB. B MOJ1€7I1 NCIIOIB30BaHbl KOHEYHBIE JIIEMEHTHI CO

CICAYIOMIMMU XapaKTCPUCTUKAMMU:

OObeKT Ha
T€OMETPUUYECKOU Tun KO Marepuain Ceuenue
MOJIeNTN
KonouHEb! Beam188 B25 Ksagpar, 0.5M*0.5m
[TepexpoiThs Shell181 B25 Tonumna 0.2m
Tommmua 0.4m
CreHbl ¥ TUIOHBI Shell181 B25
Jnvaa nuioHoB 1M

Hecymue KOHCTpYKIIMU BBIMOJHEHBI W3 OeToHa Mapku B25. Monynb
ynpyroctu E=3x107 kH/m?, Kospduuuent Ilyaccona v=0.2, I[InotHocts p=2500

KI/M?




I1as THIIOBOTO AYTAXa:

| [ | I | [
6m

_ == I = H
6m

= H B H H
6m

B [ 0 [ [

7m 7m 7m

Puc.1. Cxema 6epmukanbHvlx KOHCMPYKYUL MUNOBO20 IMAHCA



2. Co3naHue nmpoekTa
Jlnst coznanust pacyeTHON Mozenu OyJIeM UCIIOIb30BaTh MIPENPOLECCOP

Ansys Mechanical APDL. ITocne 3anycka APDL mosiBUTCSt OKHO:

File Profiles Options Tools Links Help
Simulation Environment:
ANSYS | v |
License:

LNC Ansys Mechanical Enterprise

) Show Legacy Licenses

Customization/ High Performance
Preferences Computing Setup

Working Directory:

Job Name:

Puc.2. Oxno 3anycka npoepammnozo xomniexca ANSYS Mechanical



Psmom ¢ okaom Working Directory naxxate KHONIKY «Browse...» 1 BBIOpaTh
CBOIO pabouyto aupekToputo. B stoit nupexkropun ANSYS Oyner coxpaHsiTh Bce
daitnbl. Jlupexropus 1omKHA OBITH CO31aHa 3apaHee. B nMeHax TUpEeKTOpUH U My TH
K TUPEKTOPUH JIOIYCKAIOTCS TOJBKO JJATHHCKKUE OYKBBI. Psijiom ¢ okHom Job Name

3ajaeM uMs (Qaia.

B Ansys Mechanical Enterprise Utility Menu (dkkdv)

File Select List Plot PlotCtrls WorkPlane Parameters Macro MenuCtrls Help

NECEEK ] Bl
Toolbar

SAVE_DB| RESUM_DB| QUIT| POWRGRPH

Main Menu 5] A

B Preferences NODES nsys
Preprocessor 2023R1
@ Solution JUN 22 2023

22:16:25

General Postproc
TimeHist Postpro
Radiation Opt

@ Session Editor

B Finish

Puc.3. Pabouee oxno npoecpammnozo komniexkca ANSYS Mechanical



3. 3agaHue CBOIiCTB MaTepUAJIOB M CeYeHUId

Heobxoaumo 3aaTh TUIIBI KOHEYHBIX 3JIEMEHTOB, C KOTOPBIMH MBI Oyaem
paboTarth, a TaK)Ke MaTEpUaNIbl U CEUCHMS.

Jlns moOaBiieHMst THIIAa KOHEYHOIO djeMeHTa HeoOxoawmo B Main menu
nepeiitu  Preprocessor > Element Type > Add/Edit/Delete. B otkpsiBIeiics
TaOuIbl HaxaTh add, st 7o00aBJieHUsT HOBOTO THIA. B OTKpBIBIIEHCS TaOuUIe
BBIOpaTh beam > 2 node 188 u Haxkath apply. JloGaBIeHHBIN 3JIEMEHT OTOOpa3HTCS

B Tabnuie Element Type mox Homepom 1. DTO cTep>KHEBOI KOHEUHBIH JIEMEHT.

-]

Eile Select List Plot PlotCtrls WorkPlane Parameters Macro MenuCtrls Help ‘
FEFEEEE SR

Toolbar :Q:‘
SAVE_DB| RESUM_DB| QuIT| POWRCRPH|

Main Menu |
B Preferences o
B Preprocessor

B Element Type

i Defined Element Types
[z]Add/Edit/Delet
& Switch Elem Type INONE DEFINED
E Add DOF

E Remove DOFs
E Elem Tech Control
Real Constants
Material Props
Sections
Modeling
Meshing
Checking Ctrls
Numbering Ctrls
Archive Model
Coupling / Ceqn
Loads
Path Operations
Solution
General Postproc
TimeHist Postpro
Radiation Opt
B Session Editor
B Finish

Options. ‘ Delete ‘

B Library of Element Types

Library of Element Types

VI 2node 188

Help |

[Pick a menu item or enter a command (PREP7) [mat=1 [type=1 [real=1 [esys=0 |seen=1 [
16:39

= oM 9 < m A o) T3 ENG ]

27.002003

Puc.4. 3a0anue munoe koneurnvix s1emenmos



Toxe camoe HEOOXOAMMO CHENaTh W JJISl IUIACTHHYATOTO 3JIEMEHTa, HO
BbiOpaTh Shell > 3D 4node 181. M mony4yum TaOIMIly KOHEYHBIX 3JICMCHTOB,

KOTOpbIE OyJIeM UCIIOIb30BAaTb.

I Element Types X

Defined Element Types:

ype 1 BEAM188

Type 2 SHELL181

Puc.5. 3a0anue munos xoneunvix snemenmos



Tenepp He0OX0aUMO 3a/1aTh MaTepUasbl CTEH, IUUT U KoJoHH. 1o 3amanuio
UCIOJIB3YETCsl OJuH Matepuan — 0etoH B25. YUtoOsl 3amaTe Mozenb MaTepuana
Hy»HO B Main Menu niepeiitu Preprocessor > Material Props > Material Models.
OTkpoercst Tabiuia MaTepUajIoB, UCIONb3YIOIUXCS B NMpoekTe. B Hell B mpaBoii
KOJIOHKe HeoOxoauMo Haiitu Structural > Lineral > Elastic > Isotropic. Otkpoertcst
cienyromas Tadbynia cBocTB Mareprana. HeoOxonumo 3a1aTte MOAYIIb YIIPYTOCTH
oerona EX = 3e07 u xoadodurment Ilyaccona PRXY = 0.2 u nHaxars OK. [lanee
HE00X0MMO T00aBUThH CIEIYIOIIEe CBOWCTBO — IUIOTHOCTh. B mpaBoil KomOHKE
HaxonuM Density. OTkpbeiBaeTcst TabmuIa 3aaHusl TUIOTHOCTH. B siueiiky DENS

BIHcChIBaeM 2.5 u HaxxumaeM OK.

a

File Select List Plot PlotCirls WorkPlane Parameters Macro MenuCtrls Help ‘
PEEEEEE]" E|E|E

Toolbar &l
SAVE_DB| RESUM_DB| auiT| POWRGRPH|

B Preferences o
E Preprocessor Material Edit Favorite Help
EI:;?ETnE(::ts Material Models Defined Material Models Available
& Material Props @ =] & Favorites
Material Library @ Structural
B Temperature Units & Linear
E Electromag Units 8 Elastic
= Y cononig
B Convert ALPx & Orthotropic
E Change Mat Num @ Anisotropic
E Write to File
& Read from File Dontneer
-
;Z‘;:Ie(:i:sg (@ Thermal Expansion
Meshing Bl Ea’Tme\ s Bl
Checking Ctrls & Bl T
Numbering Ctris
Archive Model

Coupling / Cegqn

Loads

Path Operations
Solution
General Postproc
TimeHist Postpro

BN Linear Isotropic Properties for Material Number 1

Linear Isotropic Material Properties for Material Number 1

Radiation Opt T
B Session Editor
B Finish Temperatures

EX 3E+07

PRXY 0.2

Add Temperature ‘ Delete Temperature ‘ Graph

i3 Cancel Help

e o o e o Y Y Y Y Y S 1 e

[ Pick a menu item or enter a command (PREP7) [mat=1 [type=1 [real=1 [csys=0 [secn=1 |

= 16:50
da > 0 0 'Y m A NG s [

Puc.6. 3a0anue xapaxmepucmux mamepuana. lllaz 1

B utore [moJIiydacM MOZCJIb MaTCpHrajia 1o HOMCpOM lc 3aJaHHBIMU MOJAYJICM

ynpyrocty, kosdduirentom IlyaccoHa u mioTHOCTbIO.



B Define Material Model Behavior - O x

Material Edit Favorite Help

Material Models Defined Material Models Available
B B Favorites
@ Density @ Structural
# Linear Isotropic #& Linear
@ Elastic
€ Isatropic
@ Orthotropic
@ Anisotropic
MNonlinear
8
Thermal Expansion
£ DO it £
“ 2l ki 2l

Puc.7. 3a0anue xapaxmepucmux mamepuana. lllae 2

Tenepp 3aganum pazmepsl ceuennid KO. HauHéM co cTepKHEBBIX 3JIEMEHTOB -
kosionH. B Main Menu nepexoaum Preprocessor > Sections > Beam > Common
Sections. Otkpoercs okno Beam Tool. Jlanee HeoOX0oauMO 3a1aTh THII CCYCHUS U
pa3mepnl. B okomke ID BnuceiBaem “1” - 310 HOMEp cedeHus. B ciemyromem
OKoIIIKe 3anuchiBaeM nuMs ceuenuns “K-17. Hmke B Bemmagaromiem caucke Sub-Type
BHIOMpAaeM ceueHHe B BHJE MpsAMOyroibHUKa. B okomkax B u H BrnuceiBaem

pa3Mepsbl ceueHust kooHHb! 0.5 u 0.5.

Jlns 3agaHus TOJIIUH TUIATHI TMEPEKPBITHS M CTEH HEOOXOJMMO TEPEHTH B
Sections > Shell > Lay-up > Add/Edit. Otkpoetcs okao Create and Modify Shell
Sections 3aeck HEOOXOAMMO 3a1aTh ToaIKHY Thickness mractuusr 0,4 - 3TO CTEHBI
u nuiionbl. CoxpansieM Ha OK 1 OTKpbhIBaeM OKOIIKO MO TOMY K€ MyTH. Teneph B
OKOIIIKE HEO0OXOIWMO TOMEHATh ‘2”7 Ha “3” wu 3amath TommuHy 0.2 - 3TO
nepekpeIThs. Takum 00pa3oM, MbI 3a1alid 3 ceUeHUs: 1-bIil I KOJIOHH, 2-OU IS

CTEH, 3-1 JIs IEPEKPBITHIA.



File Select List Plot PlotCirls WorkPlane Parameters Macro MenuCtrls Help

R B ]

Toolbar

@

SAVE_DB| RESUM_DB| QUIT| POWRGRPH|

Path Operations
Solution
General Postproc
@ TimeHist Postpro
Radiation Opt
B Session Editor
B Finish

Main Menu ®| - 1+
E Preferences = o @
& Preprocessor D
Element Type Name = Section Edit Tools =)
Real Constants
Material Props SubType rm Layup Section Controls| ~ Summary | &
& Sections B — s
;:tir:m Library offset To [Contraid_~] Layup B
8.67362e-19 @
= sEhE:y-up Create and Modify Shell Sections Name D[2 E ﬁ
4 &
[=]A 4 -
B Plot Section W Thickness Material ID Orientation Integration Pts Pictorial View ﬂ
@ Preintegrted B | o £ El a
Pretension wa«l
Joints =
Reinforcing ® 2
Pipe H Y y
Link 0.5 Add Layer‘ Delete La;er| @,
Axis Nb l:l Section Offset | Mid-Plane | User Defined Value a
Contact N
E List Sections l:l ﬂ
Section Function|None defined - Pattern - 5
2|
=]
(=]
3]
@]
=]
2|
(2]
3
8

El

Pick a menu item or enter a command (PREP7) ‘ mat=1 ‘type:W real=1 csys=0
715

3
ARG gy [

Puc.8. 3adanue monwun cmenam, nuioHamM U RIUMAM NEPEKPLIMULL
[Ipexne yemM mepexoauTh K MOCTPOCHUIO TEOMETPUN HEOOXOIUMO COXPAHUTH
TO, UTO MBI yKe caenanu. Ha nojocke Utility Menu neobxoaumo nepeiitu File >
Save as Jobname.db. daiin coxpanutcs B marnke, KOTopyro Bl HazHadamu B \Working
Directory, Ilpuuem coxpaHsTCs BCE XapaKTEPUCTUKH JJICMEHTOB, CCYCHUH,

reomeTpusi, KO-cetka u ta. Kak OTKpBITE MOJIENB ONIMCAHO HUXKE.

u Ansys Mechanical Enterprise Utility Menu (octoberf)

File Select List Plot PlotCirls WorkPlane Param

Clear & Start New ... =

Change Jobname
Change Directory ... £
Change Title DUIT| POWRGRPH|

Resume Jobname.dp .. I
Resume from ...

Save as Jobname.db

Saveas ...
Write DB log file ...

Read Input from ...

Switch Output to 4
List 4
File Operations 4
File Options

Import 4
Export

Report Generator ...

Exit ...
Lines HI
Areas

Puc.9. Coxpanenue npoexma




4. TlocTpoeHue reoMeTpUUYECKOii MO/IeJIM NEPBOro ITaxKa
Crnenyromuii 3Tan - nocTpoeHue reometpun. Hauném ¢ moctpoeHust y3iaoB s
KOJIOHH, cTeH W muioHoB. HeoOoxomumo B Main Menu mepeiit Preprocessor >

Modeling > Create > Key Points > In Active CS. OTkpoeTcs OKHO BBO1a KOOPIUHAT

y37a.
o

Eile Select List Plot PlotCtrls WorkPlane Parameters Macro MepuCtrls Help ‘
o|=|alo sz o= | <

Toolbar ®|
SAVE_DB| RESUM_DB| QUIT| POWRGRPH|

Main Menu ®

E Preferences
B Preprocessor
Element Type
Real Constants
Material Props
Sections
= Modeling
H Create
B Keypoints I Create Keypoints in Active Coordinate System
2 On Working Plane
=]

[KI Create Keypoints in Active Coordinate System

ZAOnlLine
# OnLine wiRatio
2 0n Node
2 KP between KPs
Z Fill between KPs
KP at center
Hard PT on line
Hard PT on area
Lines
Areas
Volumes
Nodes
Elements
B Contact Pair
Circuit
B Racetrack Coil
Transducers
Operate
Move / Modify
Copy
Reflect

Check Geom
Delete
Cyclic Sector
CcMms
B Genl plane strn
E Update Geom
Meshing
Checking Ctrls =

2 Slislplelpfplel=| |t olplelplplajalajajzelole ]

Pick a menu item or enter a command (PREP7) \ mat=1 ‘WDEZ‘W real=1 csys=0 secn=1

739

a » ® @ «“ m B B H S8 '\ A )T PC s [

Puc.10. Cozoanue mouexk

Heobxoaumo BBECTH MOOYEpPETHO KOOPAMHATHI BCEX Y3JIOB CTEH, MUJIOHOB,
KOJIOHH Ha HYJICBOM YPOBHE, TO €CTh TpeThs KoopauHaTa y = 0, MOATBEPIUTH
Haxkatuem Apply, ANSYS otpucyer y3en Ha skpane. Hampumep, mis mepBoro
nuiona (0,0,0) u (0,0,1), Tak kak mmpuHa nuiona 1 m. s nepsoit kosonHsl (0,0,6),
TaK Kak mupuHa npojiéra 6 M. KoopanHaThl BBOASITCS B COOTBETCTBUU CO CXEMOM

THUIIOBOI'O OTazxa.



Jlanee HEOOXOAUMO CKOIUPOBATH 3TH Y3JIbI MO KOOPJAMHATE Y = 3 M - 3TO
BbIcOTa 3Taxka. HeoOxoaumo B Main Menu nepetitu Preprocessor > Modeling >
Copy > Keypoints. OTkpoeTcsi OKHO BBIOOPA Y3JI0B, KOTOPHIC HY>KHO CKOITUPOBATb.

B none cuuzy Bnucate “ALL " nins BerOopa Bcex y350B U HaxaTh OK.

Copy Keypoints
" pick {" Unpick

* Single ( Box

" Polygon (" Circle
~

Count
Mazimum

Minimuam

EeyP No.

+ List of Items

{” Min, Max, Inc

]

Reset Cancel
Pick Al1l Help

Puc.11. Buibop mouex 0151 KOnuposaHus

|

OTkpoertcs caeayromiee okHo. B okomko ITIME Number of copies Bnucats “2”
- 3TO YMCJIO0 KONUH y3JI0B, BKIIIOYAsl T€ y3Jbl, YTO MbI kKonupyeM. B okomiko DY Y-

offset in active CS Bmucatp “3” - 370 BbICOTa 3Taxa, oTMepsieMast o Y. U Haxathb
OK.

n Copy Keypoints
[KGEM] Copy Keypoints

ITME  MNumber of copies -
- including criginal
DX  X-offset in active CS |:|
DY  Y-offset in active CS
DZ  Z-offset in active CS |:|
KINC  Keypoint increment I:l
MNOELEM Items to be copied |Keypnints & rnesh j

oK Apply ‘ Cancel ‘ Help ‘

Puc.12. 3a0anue napamempos 011 konuposanusi mouex



Janee HEOOXOOUWMO COCAUHUTH JIMHUSIMA W IUJIOCKOCTAMH  Y3JIbI,
COOTBETCTBYIOIIME OJHOM HECYIIEW KOHCTpyKUMH. HaunéM co crepkHeu st
xosionH. HeoOxomumo nieperiti B Main Menu niepetitu Preprocessor > Modeling >
Create > Lines > Lines > Straight Line. OTkpoeTcst OKOIIIKO BEIOOpa Y3J10B, MEXIY
KOTOPBIMH HY>KHO TOCTPOUTH JIMHUM. Ternepb Ha paboueld 06jacTh HEOOXOIUMO
KJIMKHYTh Ha JIBa y3J1a KOJIOHHBI, U aBTOMATUYECKH MOABUTCS JIUHUSA. [I0OBTOPUTE CO

BCCMHU KOJIOHHAMH.

Create Straight Line

¥ pick " Unpick

{v i

~
l.-h

Count
Mazei moam
Minimam

FeyP No. =

(¥ List of Items

(" Min, Max, Inc

OE | Lpply ‘

Reset ‘ Cancel ‘

Help ‘

Puc.13. Coeounenue mouex tuHUAMU



MoxeT npou30MTH TaK, YTO TOJIBKO YTO MOCTPOEHHAs JUHUS nponaaet. OHa
He ypamuinack, ANSYS ee He oroOpaxaer. UToObl CHOBa BHIETHh JIMHHIO
HeobOxoaumo B Utility menu mepeiitu Plot > Multi-Plots. Teneps Ha pabodem mose
BUJTHO BCE TEOMETPUYECKUE DJIEMEHTHI: JINHUU U y371bl. Eciin HeoOXxoaumMo nokasarthb
TOJILKO OJIMH KOHKPETHBIM TUIT TEOMETPUH, HE0O0X01MMO BO Bkiajake Plots BeiOpaTh

TO, YTO HY>KHO OTOOPa3UTh.

n Ansys Mechanical Enterprise Utility Menu (octoberg)

File Select List Plot PlotCirls WorkPlane Para

RECEERCT |
Toolbar Keypoints »

SAVE_DB| RES! Er”eeass
Volumes

Specified Entities ’

|

Main Menu

Preferences

= Preprocessor Nodes
Element TYyp  Elements
Real Consta

Layered Elements ...
Material Proj o

Sections Materials
= I‘gogemlg Data Tables
reate
@ Keypoil Array Parameters ..
B Lines Results

H '-'““" Muiti-Plots

Components
fﬂ In
#1 Overlaid on 2 _”I

Puc.14. Hacmpotika omobopasicenus 06vekmos



Crnenyromuii 3Tan — MOCTPOSHUE CTEH W MUIOHOB. HeoOxomuMo mepeitu B

Main Menu nepetitu Preprocessor > Modeling > Create > Areas > Arbitrary >

Through KPs. Otkpoetcst 0KHO.

Main Menu

El Preferences
E Preprocessor
Element Type
Real Constants
Material Props
Sections
B2 Modeling
B Create
Keypoints
Lines
B Areas
= Arbitrary
A
2 Overlaid on Area
# By Lines
Z By Skinning
# By Offset
Rectangle
Circle
Polygon
2 Area Fillet
Volumes
Nodes
Elements
Contact Pair
Circuit

Create Area thru KPs

* pick " Unpick

2

-

a3

-

i~

Count a

Maximum 48
Minimum

ReyP No.

3

{* List of Items

" Min, Max, Inc

|

Apply

Cancel

MI

==

E Racetrack Coil
Transducers
Operate

Puc.15. [locmpoenue nogepxnocmeii no moukam

Jlanee HEOOXOAMMO BBIOpaTh MOCIEIOBATENbHO 4 TOUYKH, MO KOTOPHIM

HEOOXOMMO TIOCTPOHUTH IIOCKOCTh. WM Haxath Apply, MOSBUTCS TMIIOCKOCTb.

CI[CJ'IEITB TaK CO BCCMH CTCHAMH U ITMJIOHaMU.

Puc.16. Cmenwt u nunonwst 1-20 smasca



[Tpuuem y37161 HEOOXOAUMO BHIOMPATH TaK, YTOOBI TOBEPXHOCTH OJTHOM CTEHBI
ObLTa 3aMOJIETMPOBaHA HECKOJIBKIUMH MOBEPXHOCTAMU. TO €CTh TOMKHO OBITH TakK,

9TOOBI BCE 3JIEMEHTHI (IIJIOCKOCTU U CTEPIKHU ) UMEJIH OOIITUE Y3JIbI.

&Y Ansys Mechanical Enterprise Utility Menu (octobert) - X
File Select List Plot PlotCtrls WorkPlane Parameters Macro MenuCtrls Help ‘
D= @l @ &l & e Hi B ==

Toolbar ®|

ISAVE_DB| RESUM_DB| QUIT| POWRGRPH

Copy

Reflect
Check Geom
Delete

Cyclic Sector
CcMms

Main Menu ]
B Preferences
B Preprocessor @
Element Type )
Real Constants L2
Material Props &
Sections o
= Modeling @ pick  Unpick J
B Create [
Keypoints : @ a
Lines G J
B Areas o iz
B Arbitrary Cem o O P
Pal Through KP: _ =
R Overlaid on Area | L™ = Y
Z By Lines oup o, = Q
2 By Skinning ¥ =
7 By Offset & eeme
Rectangle ®
Circle € Min, Max, Inc a
Polygon
A Area Fillet ﬂ
Volumes -
Nodes =
Elements = 3
B Contact Pair Beses Cancel .
Circuit 4 4 &
B Racetrack Coil hiad
Transducers E
Operate
Move | Modify @
2]
=]
2]
x|
7

& Genl plane strn

B Update Geom
Meshing
Checking Ctrls

\ [A] Pick or enter keypoints defining the area ‘ mat=1 ‘WDEZW ‘rea\ﬂ \csys:O |sem:1 \

® 6 ¥ m e =,

06.102003

Puc.17. Cmenwt u nunoust 1-20 amasxca

Tenepp MOCTPOMM MEPEKPHITUE TUIOBOro 3Taxka. JlIsi Havana HpoOBENEM
BCIIOMOTaTeNIbHbIE JIUHUM, KOTOpble B OyAyIIEM MOMOTYT Pa3AeiuTh IJIOCKOCTb,
4YTOOBI CETKAa CreHepupoBaiach HOpMalibHO. To ecTb uToObl y KD-31eMeHTOB
nepeKpbITHs ObLTH 001IHe y3I1bl ¢ KD-31eMeHTaMu TUITOBOTO ATaxka. Takke CTpouM

JIMHHUMU.



Puc.18. Ilocmpoenue 6cnomoeamenvHbix TUHUL

,Z[aﬂee CTPOHUM IINIIOCKOCTD I10 CaMbIM KpaﬁHI/IM TOYKaM ITMJIOHOB 2TazKa.

Puc.19. I[locmpoenue nogepxnocmu naumol nepekpvimusi 1-20 smasica



Teneps pasgenuMm 3Ty IUIOCKOCTh JIMHHUSIMH, KOTOpPBIE JIEKAT B HEW.
HeoOxomumo nepeiitu B Main Menu nepeiitu Preprocessor > Modeling > Operate
> Booleans > Divide > Area by Line. Brriger okomko. CHauaga HEOOXOIUMO
BBI6paTB INIOCKOCTh IICPCKPBITHA, HAXKATb OK, 3aTEM BBI6paTL BCC€ JIMHHU,

KOTOPBIMHU OCIUM ITINIOCKOCTH, CHOBA HAKATH OK. IInockocTh pa3aciicHa.

Puc.20. [locmpoenue nogepxrnocmu naumel nepekpvimus 1-2o amaoica

[Tepexonum B Utility menu nepeiitu Plot > Multi-Plots. I'eomerpus tTunosoro

9Ta’Ka roToBa.

Puc.21. I'omosas ceomempus munogozo smasxica



5. Co3panmne K9 monenu mepBoro sra:ka

Teneps HEOOXOAMMO PA30UTH CETKY M HAa3HAYUTH dJIEMEHTaM MaTepuaibl U
ceuenus. s Toro, 4uroObl pa3OUTh CETKYy B Hadalle HEOOXOIUMO MPUCBOUTH
KaXJIOMy 3JICMCHTY I'€OMETpUHU cedyeHue, marepuan u tun KD. B Main menu
Heobxoaumo mepeiitn Preprocessor > Meshing > Mesh Attributes > All lines.
OTtkpoercst okHo. B oxomke MAT Material number meo6xoaumo moctaBuTh “1” -
3TO HOMep Hairero Oerona kiacca 25. B okomke TYPE Element type number
HeoO0xoumo BbIOpaTh “1 BEAM188” - 3T0 THII KOHEYHOTO 37I€MEeHTa, KOTOPBHIM MBI
moeaupyeM kostoHHbL. B okomke SECT Element section Beioupaem “1 K-1” - aTo

ceyenne KoJioHHbl. Haxxumaem OK.

Main Menu ®|

Preferences

= Preprocessor
Element Type
Real Constants

n Line Attributes

Material Props [LATT] Assign Attributes to All Selected Lines
o .
& SECtIO_I"IS MAT Material number 1 -
Modeling
B MEShing REAL Real constant set number |N0ne defined j
B Mesh Attributes
Default Attribs TYPE Element type number | 1 BEAM18 |
All Keypoints
Z Picked KPs SECT Element section | 1 K- j
2 I Lines . Pick Orientation Keypoint(s) ™ No
# Picked Lines
All Areas

2 Picked Areas
All Volumes
A Picked Volumes
Volume Brick Orie
MeshTool
Size Cntrls
Mesher Opts
Concatenate

Mesh
M Mnadifu Mach

QK Cancel

Puc.22. Haznauenue ampubymoeg



B Main menu nmeoOxommmo mepeiitu Preprocessor > Meshing > Mesh
Attributes > Picked Areas. Otkpoercst okHO. Terepp HEOOXOIUMO BHIOpATh BCE

TOPHU30HTAJIBHBIC IIJIOCKOCTH. I[JISI 9TOIr0 Ha HpaBOI;’I KOJIOHKC IIPOI'paMMBbI

HEOOXOJMMO BHIOpAaTh BHJ COOKY E A B OoTKpbeITOM oOKoIlllke BOX. 3arem
NPOTSAHYTH 00JacTh BBIICNEHUS TaK, YTOOBI TyJa IMOMAIA TOJBKO IJIOCKOCTH

nepekpbitud. U nHaxars OK.

& Preprocessor
Element Type
Real Constants TYPE MUM
Material Props
Sections
Modeling
= Meshing

B Mesh Attributes
B Default Attribs Area Attributes
All Keypoints
A Picked KPs @ pick " Unpick
All Lines m
2 Picked Lines :
All Areas (" molygon (" Circle
A
All Volumes
2 Picked Volumes
Volume Brick Orient

MeshTool

Size Cntris

B Mesher Opts

Concatenate {

Mesh {" Min, Max, Inc

Modify Mesh

Check Mesh

Clear

of Items

Checking Ctrls .
Numbering Ctrls OK 2pply
Archive Model eser Camcel
Coupling / Cegn
Loads Pick A1l Help
Path Operations

Solution

Puc.23. Bvibop nosepxrnocmeii 0151 Ha3HaA¥eHUs ampuodymos

OTtkpoeTcs okomiko HazHadeHus: aTpruOyToB KO. BeiOpath cOOTBETCTBYIONTNI
AJIEMEHTaM NEPEKPBITHS MaTepual, TN U ceuenue. 1 Haxate OK. Jlanee npojienars

TO XK€ CaMO€ C INIOCKOCTAMU CTCH U ITMJIOHOB, OJHAKO, BBI6paTB 2-e ceucHHe.



n Area Attributes

[AATT] Assign Attributes to Picked Areas

MAT Material number 1 -

REAL Real constant set number |N0nedefined j

TYPE Element type number | 2 SHELL1&31 j

ESYS Element coordinate sys ] -

SECT Element zection 3 -

0K | Apply | Cancel Help

Puc.24. Hasnauenue ampubymos

Atpubytel KD 3anmanbl. Tenepp HeoOxoaumo pa3ouTh ceTky. [ns sToro
HeoOxomumo Main menu mepeiitu Preprocessor > Meshing > Mesh tools. B
OTKpBIBIIEMCST OKHe B pazzaeine Size Controls > Global naxars kHOmky Set.
Otkpoetcst OKHO, B KoTopoM B okoike SIZE Element edge lenght uyxHo Brincatsb
“0.5” - aTo pasmep KD nmis Beex anementoB. Haxxumaem OK. Jlanee B pa3nene Mesh
B BBITIQJIAIONIEM MEHIO BhIOMpaeM Areas w, HUUero He MEHsS, HAKMMAeM KHOIKY
Mesh uyTh Hroke. OTKPBIBAETCS OKOIIKO BbIOOpA MJIOCKOCTEH, HAXKMMAaeM KHOIKY
Pick all. ITnockoctu pa3ouTsl. Jlanee mo Tomy ke anroputmy pazousaecm TOJIBKO
JUHUU KOJIOHH. To ecTh Ha 3Tame BbIOOpa JMHUNA HEOOXOIUMO BBIOPATH TOJBKO

JIMHUHA, KOTOPBIC COOTBECTCTBYIOT KOJIOHHAM. KQ-MOI{GJ’IL THUIIOBOI'O 3Taxka IrOTOBA.



MeshTool

Element Attributes:

|Global | Set

4

[ Srart Size

k&l [+

Fire B Coarse

[ESIZE] Global element sizes and divisions (applies only
to "unsized" lines)

SIZE Element edge length
| MDIV Mo, of elerment divisions -

- (used only if element edge length, SIZE, is blank or zero)

oK

=

Cancel

Size Controls:

Glabal Set Clear
Areas Set Clear
Lines Set Clear

Loyer _Set | Clar |
Keppts Set Clear

Meszh:
Shape: " Tii + Quad

% Free " Mapped !

| 2 or 4 sided |

Mesh | Clear

Refine at: lm

Refine

Cloze | Help

Puc.25. Oxno Meshtool. Cozoanue cemxu KD




YToOBl MMOCMOTPETh CEYCHHSI IJIEMEHTOB HEOOXOJMMO B KOMAaHJHOH CTpPOKE
Brucath /eshape,l - koMaHaa, KoTopas BKJIHOUAET OToOpakeHue cedenuin KO, a
sarem B Utility menu > Plot > Elements. B paboueii o6iractu otobpazurcs KO-

MOACIIb THUIIOBOI'O 3Taxka.

1
ELEMENTS

Puc.26. K3-mooenv nepsozo smaosica



6. Co3nanune KD Moaenu 31anus

OTtkonmpyem TutoBoM 3Taxk 11 pa3. s atoro Heooxoaumo B Main menu

nepeiitu Preprocessor > Modeling > Copy > Areas, B OTKPBIBILIEMCSI OKHE Ha)KaTh

Pick all. Otkpoercst okHO, B KOTOpOM HeoOxoumo B okorike | TIME Bnmucats “11”

- 3TO KOJIMYECTBO KOMUH, BKIIFOYasi OpUruHai, B okomko DY - “3” - BeicoTa ATa%ka,

Haxatb OK. [1nmockoctu ckonupoBanuch yxe ¢ K9-ceTkon.

B Modeling
Create
Operate
Move | Modify
= Copy
2 Keypoints
# Lines
YMAreas
A Volumes
A Line Mesh
# Area Mesh
Nodes
Elements
Reflect
Check Geom
Delete
Cyclic Sector
CMS
Genl plane strn
Update Geom
Meshing
Checking Ctrls
Numbering Ctrls
Archive Model
Coupling / Ceqn
Loads
Path Operations
Solution
General Postproc
TimeHist Postpro
Radiation Opt

Session Editor
Finiah

Puc.27. Hacmpotixu 015 konuposarnusi nosepxHocmeli

u Copy Areas

[AGEN] Copy Areas
ITME  Mumber of copies -

- including original
DX X-offset in active CS
DY  Y-offset in active CS

DZ  Z-offset in active CS

KINC  Keypoint increment
MOELEM Htems to be copied




YroObl CcKOMHMPOBATH KOJIOHHBI HeoOxoaumo B Main menu mepeiitu
Preprocessor > Modeling > Copy > Lines. Otkpoercs OKHO BBIOOpa JIMHHIA,
HEO0XO0IMMO BBIOPATh IMHUHU KOJOHH. UTOOBI yBUACTH IMHUK HY>kHO B Utility menu
BeIOpaTh Plot > Lines. [Tocne moaTBepkmaeM BBIOOp M OTKPBIBACTCS OKOIIKO,

KOTOPOC 3aII0OJIHACM TAKIKC KaK Hd PUCYHKC BBIIIIC.

T
|
1
-
-
i
N
i
I
N
.
|
i
I
i
|
]
=

Puc.28. Bvibop nunuii 015 KORUPOBaHus.

Tak Kak Mbl CKOITMPOBAJIN 3JICMCHTBI BMCCTC C y3JIaMU ITOJTYYHUJIIOCH TaK, 4YTO B
HCKOTOPBIX TOYKAX HAXOAWTCA JIBa Yy3JIa, HCO6XOI[I/IMO HUX CKJIICUTD. HHH 9TOIr0 B

KOMaHaHOM cTpoke Heooxoaumo mpornucath NUMMRG,ALL. DTa komaHaa CKIICHT

MOBTOPSIOIINECS AJIEMEHTHI.

[Tonyuunu 11-3Taxuoe 3ganue. OQHAKO, COIIACHO YEPTEXKaM, BEPXHHI ATax
ayTPUTePHBIN, TO €CTh HE XBaTaeT PEOEP KECTKOCTH - CTEH IO MEPUMETPY dTaxa.
[Tepexonum B Plot > Areas u no6aBuM CTEHBI Ha BEpXHEM 3Taxke. B1oias O0KOBBIX

CTOPOH, I'’I€ €CTb KOJIOHHHEI, I[O6aBJ'I$IeM IINTIOCKOCTH OT IIMJIOHA J0 ITKUJIOHA CHOCO6OM,



KOTOPBIM MBI CTPOWJIM CTE€HBI U MIJIOHKI, TO €CcTh 10 4 Toukam yepe3 Main Menu >
Preprocessor > Modeling > Create > Areas > Arbitrary > Through KPs,
00s13aTEIbHO CTPOUTH ILIOCKOCTH HC OT IIMJIOHA A0 IIMJIIOHA, a4 OT IIMJIOHA O0
KOJIOHHBI, OT KOJIOHHbBI 10O KOJIOHHbI U TA, LITO6LI 9JICMCHTBI KOJIOHH IMTPHUHAJIC)KAIN
CTCHaM U C€TKa pa36I/IJIaCB IMpaBHUJIBHO.

Tak kak ¢ AByX APYTrMX CTOPOH CTEHBI BHICOTOM | M OT ypoOBHs 1oja, TO UX
MOJEIUPYEM CIICAYIOMUM 00pa3oM: CKOMHPYEM JIMHUU, KOTOPhIC OTPAHUYUBAIOT
IIOCKOCTD IICPCKPBITUA-TIOJA ITOCIICAHCTO 3TaKa Ha Im BBCPX II0 OCH Y, U ITIOCTPOUM
MJIOCKOCTH IO TOMY e crioco0y. JIMHUU, HaxXoAsIuecss MeXY sSapamMu KECTKOCTU
(creHamMM) KONUPOBATh HE HYKHO. /{1151 TOro, 4TOOBI CKONMMPOBATH JIMHUU HY>KHO B
Main menu niepetitu Preprocessor > Modeling > Copy > Lines, BbICTUTD JTHHUH,
KOTOpbIE HYKHO CKOIMUPOBaTh W HaxaTh OK. B CIEAyIOIMEeM OKHE BIHCATh 2 B

okorko INC u 1 B oxomiko DY, moarBepauTh.

Puc.29. Jlocmpausaem cmenwvt aympuzepro2o smasica



Ecim Brimrounm Plot > Lines yBuaum crieayronryro KapTHHY:

Puc.30. Omobpadicenue nunuii. Bvioenenvl acnomozamenvhvie 1uHul 05

nocmpoerus napanemoes

Tenepb IIOCTPOUM II0 06pa3OBaBIHI/IMCH TOYKaMMH ITIJIOCKOCTH C ITOMOIIBIO TOH

K€ KOMaHbI U TeM ke criocoooMm. TTomyunm:

UM

Puc.31. Ilapanemvr nocmpoetnwi



Tenepr HEOOXOIUMO CO3JaTh CETKY Ha ATHX CTEHAX CIIOCOOOM OIMHMCAaHHBIM
BBIIIIC: 3aJ1aeM aTpUOyThI 3TUM ToBepxHOCTsM (Preprocessor > Meshing > Mesh
Attributes > Picked Areas), paszouBacm cetky 0,5m (Preprocessor > Meshing >
Mesh tools). Ilomyunmm Takyro KO3-momens. CedyeHHS DIIEMEHTOB MOKHO

0TOOpa3uTh, HAIIMCAB B KOMaHIHOU cTpoke mocienoarensno /ESHAPE,1 (0, eciu

HEO0OXOIMMO OTKJIIOUNUTh 0ToOpakeHue ceuennil) 1 EPLO. He 3a0ynpre npomnucath

NUMMRG, ALL B kOMaHIHO# CTPOKE, 9TOOBI CKJICUTh pa3ABOMBIIHECS y3Jbl. Ecim

IMOABHUTCA OKHO C IIPCAYIIPCIKACHUCM HAKMUTC Close.

Puc.32. KD mooenw 6ceco 30anus



7. I'pannuHbIe ycJI0BHS (3aKpenJeHus )

Jlo6aBuM rpaHUYHBIC YCIOBUS IS 33]1a4M - )KECTKO 3aKPETTUM HAIly MOJIEIh B
y3i1ax Ha ypoHe y=0. /i sToro Heo6xomumo B Main menu > Preprocessor >
Loads > Define Loads > Apply > Structural > Displacement > On Nodes. Beiopats
TOJIBKO Yy3J1bI Ha ypoBHE y=0. /{7151 3TOTr0 Ha MpaBO¥ KOJOHKE MPOTrpaMMbl BEIOPAThH
mo0oi BUJ cOOKy M ¢ moMoIiplo Ookca (BOX) BbIOpaTh camble HUKHHUE Y3JIBI.
Haxate OK. OTKpbIIOCH HOBOE€ OKHO, B KOTOPOM HEOOXOMMO BBIOpATh U3 CIHCKA
All DOF, octanpHO€ OCTaBUTE Kak €cTh M HaxkaTh OK.

n Apply UROT on Modes

[O] Apply Displacements (U,ROT) on Modes
Lab2 DOFsto be constrained

Apply as |Cun5tantvalue j

If Constant value then:

VALUE Displacement value I:I
oK Cancel Help

Puc.33. Boibop cmeneneti c60000b1 01151 3aKpenieHus

Kak mocmoTpets 3aganuch au cBsa3u? HeoOxommmo nepetitu Utility menu >
PlotCtrls > Symbols ... OTKpoeTcsi OKHO, B KOTOPOM HEO0OXOAMMO BbIOPATH
mapaMeTpel Kak Ha KapThHKe. I Toro, d9ToOBl OTOOpaKaliuCh CBSI3H,
NPUJI0KEHHBIC PacpeIeIEHHbIC HArPY3KH.

Torma Ha HIDKHHMX y3JIaX 30aHMs IOSABATCSA CJAEIYIOIIAE CHUMBOJIBI, 3TO

3aKpETICHUS.



n Symbols

[/PBC] Boundary condition symbol

Individual symbol set dialog(s)

to be displayed:

{# All BC+Reaction e

" All Applied BCs
" All Reactions
" Mone

" For Individual:
v Applied BC's
v Reactions

v Miscellanecus

[/P5F] Surface Load Symbols
Visibility key for shells
Plot symbaols in color

Show pres and convect as

Pressures - |

| Off
v On

|Arrn:uw5 - |

Puc.34. Hacmpotixa omoopasicenust 2paHuyHbLX YCao6utl

Puc.35. Iloxazanwl naznauenmnvie SPpAaHUYHblE YCIIOBUA



8. Coxpanenue moaeau B ANSYS

Tenepb HEOOXOIUMO COXPAaHUTH MOJEH MOJ TPEMs Pa3TUYHBIMU UMEHAMH,
TaK Kak JadbHEWINWE 3aJaqd IJIs JHHEWHOTO W HEJIMHEWHOTO pacuera OymayT
OTJIMYATHCS, a TPEThsl MOJETb OyAeT MCHOJB30BaThCs Ui pacuera ¢ MOMOIIBIO
Makpoca. YToOsl coxpanutb Mojienas Heooxoaumo Utility menu > File > Save as...
OTkpoeTcs clieayroniee OKHO, IJie He0OX0AMMO HalMcaTh Ha3BaHue ¢aiiia (TOIbKO
Ha aHTJIMKACKOM, Ha3BaHWE HE JOHKHO HAYMHATHCS ¢ IMUPHI) U yKa3aTh Marky, B
KoTopyto ¢ain coxpanutb. [lonrBepauts Haxkatrem OK. U coxpanuTe moj Ipyrum

MMEHEM BTOpOU pa3. nm MOKHO mmponucaTh B KOMaHIHOU cTpoke SAVE, “Project

Name”, DB,,ALL. I'ne BTOpasi KOMIOHEHTA - Ha3BaHue (aityia. Takxke B OTAEIbHYIO

nanky HEOO0XOJUMO COXpaHuUTh (Qaitn ¢ pesynbratramu pacuéra. OH uMeer
pacimipeHue .rst, ¥ ero Ha3BaHHE COOTBETCTBYET HA3BAHHMIO MpOeKTa. UTOOBI
OTKPBITh (haii pe3ynbTaToB HYXHO mepeiitu Main menu > General Postproc >

Results Viewer u HaiiT B HY»KHOH marnke cBO (haii.

Save DataBase

Save Databaze to Directones:; 0k,
|rru:unt_|ir'1 db ch Awvasilevadimontazh
Cancel
octoberk.db (= b
[== STUDENTS Help
= WASILEVAL
E= MOMTAZH
£ _MoHras
Lizt Files of Tupe: Crrives:

D atabaze Files [*.db¥] ﬂ | = j M etwark.... |

Puc.36. Oxno coxpanenus



9. 3agaHue HATPY3KH IS OTHOMOMEHTHOM CXeMbI

[Tpesxae YeM BBIMOJHATH CTATHICCKUI pacyeT HEOOXOAMMO 3a/1aTh HAIPY3KH:
paBHOMEPHO-pACTIPEICIEHHYIO U COOCTBEHHBIN BEC HECYIUX KOHCTPYKIni. Ha Bce
NEPEeKPBITHS  31aHus  (BKJIIOYas  TOKPBITHE)  JICHCTBYeT  PaBHOMEPHO
pacnpenenénHas Harpyska q = 2,5 1/M2 = 25 kH/M2. Jlng nHavama Hamo
(dparMeHTHPOBATh TOJHKO TOPU3OHTAIBHBIC 3JIEMEHTHI-000s10uku. Heobxoammo
neperitn B Utility menu > Select > Entities, oTkpoeTcss OKOIIKO, B KOTOPOM
HE0OXOMMO U3 BBINAJalONIUX CIUCKOB BeiOpath Elements, By Attributes, Section
ID num, From Full. B oxomiko Briucats “3” - 310 HOMep ceuenus KD, mo kotopomy
BbIOMpaeM »dieMeHThl nepekpbitud. Haxumaem OK. UYtoObl oTOOpakeHue
OOHOBWJIOCH HEOOXOJAMMO B KOMaHIHOH cTpoke mpomwmcarb EPLO. Ilomyuum

CJIEIYIOLIYIO KapTUHY.

Puc.37. Buibpanusie nosepxnocmu 011 3a0aHUsl Ha2py3Ku
Teneps OyneT B passl npoiie 3aaath Harpy3ky. [lepexomum B Main Menu >
Preprocessor > Loads > Define Loads > Apply > Structural > Pressure > On
Element. Otkpoetcs okHo BbIOOpa 3memenToB. Hakmurte Pick All, otkpoercs

JPyroe OKHO.



3necs B okxomke SFE HeoOXoaumMo M3 BBINAAAIONIETO CHHCKa BHIOpATh
Constant value, B okxomke LKEY Boucare “1” - 3T0 HampaBlieHHE ICHCTBHUS
Harpy3ku - o Hopmanu K3. B okomike VALUE Bnucats 3nHauenue narpysku 25 kH

u Haxatp OK.

n Apply PRES on elemns

[SFE] Apply PRES on elems as a Constant value j

LKEY Load key, usually face no. 1

If Constant value then:
WALUE Load PRES value 25

Opticnal PRES at other face nodes
(leave blank for uniform PRES )
VALY Leoad PRES at 2nd node

WalL3 Load PRES at 3rd node

Wald Load PRES at 4th node

Ok | Apply Cancel Help |

Puc.38. Oxno ons 3a0anus naepysku

Tenepr HEOOXOAMMO OTMEHHUTH (hparMeHTaluio nepekpbiTuil. [lepexomum
Utility menu > Select > Everything. Eciu oToOpaskeHne He 0OHOBUJIOCH MPOIHIITUTE
B KoMaHaHOU cTpoke EPLO. 3amanum coOcTBeHHBIM Bec. JJIsI 3TOro mepexoaum
Main menu > Preprocessor > Loads > Define Loads > Apply > Structural > Inertia
> Gravity > Global. Otkpoercs okno, rae B okomko ACELY HeoOxoauMo BIucaTh
“10” - 970 yCKOpEeHHEe CBOOOHOTO MajieHus B M/c2 (11t mpocToThl Oepem 10, a He

9,81). Haxxumaem OK.



CrneayroomumM 3TaroM OoTOOpasuM Bce MPWIOKEHHbIE Harpy3ku. llepexoaum
Utility menu > PlotCtrls > Symbols.. , B oTkpbIBIIIEMCS OKHE B BBIITAJAIOIIEM CITHCKE
/PSF BeIOpaTh Pressures, a Hibke B BIITaaaromieM crucke Show pres and convect as
BbIOpaTh Arrows. Haxate OK. Ilonyunm crienyroiee otoOpaxenue: K3-moxaens ¢
3aJaHHBIMM Harpy3kamu. CreBa TmoAnMcaHa ‘“JereHjaa”, MOKa3blBaroiias, 4YTo
oToOpaxaeTcs M KakuM [BeTOM. To €CTh B JIaHHBIM MOMEHT 3aJaHbl CBS3U
MPENSTCTBYIONIME TOCTYMATEIbHOMY U BpalllaTEIbHOMY JBHXKEHHUIO IO BCEX
nHanpasieHusx (U ROT), coocrBennsiii Bec (ACEL) u Harpyska (PRES-norm).

1
ELEMENTS

I
ROT

Puc.39. Omobpasicenue npunoscennoti Hacpy3ku



10.JInHeiiHbIi cTATHYECKUI pacyeT
[pesxae yeM MPOBECTH pacdeT He0OXOIUMO HACTPOUTH MapaMeTPhl pacueTa,
yKa3aTh JIMHEHHOCTh/HEJIMHEHHOCTD, BUI pacueTa u T1. J{jist aToro nepeiizem B Main
Menu > Solution > Analysis Type > New Analysis u B oTKpbIBIIIEMCSI OKHE BBIOPATh
Static, Haxars OK. [l cTaTiyeckoro pacdera OOJbllie HAYErO HACTPAMBaTh HE

HY’KHO.

Yro0sl 3ayCTUTh pacyeT HeoOXoaumo repeiitr Main menu > Solution > Solve
> Current LS. Otkpoetcs nBa okomka. B omHOM HeoOxoaumo Haxath OK, a BO
BTOPOM O3HAKOMHUTCS ¢ HMH(OpMaIMeH IO pacyeTy: KOJIMYECTBOM CTEICHEH
CBOOO/IBI, THIIOM pacueTa U T/. [1ociie 03HaKOMIICHHS €ro MOXHO 3aKpbiBaTh. Eciu

pacueT IpoIies YCIeHo 1 0e3 ommooK, mosButTcs okHo Solution is done.

Puc.40. Coobwenue o 3ageputenuu pacuema

Teneps HeoOxoaumo mponucaTh B kKomaugHoW ctpoke FINI u coxpanutsb

npoekT - HakaTh SAVE_DB nHa Toolbar mox komauaHOM CTpOKOIA.



11.CO3I[3HI/Ie KOMIIOHCHT u3 JJIEMCHTOB AJIA HeJIMHEMHOT 0

CTATUYECKOI0O pacuera

JUist Havasma HeoOXOAMMO OTKPBITH (Daisl ¢ MOJENBKON I HEJIMHEUHOTO

pacueta. Kak OTKpbITH (pailn MOXKHO MOCMOTpeTh HUKe, B nyHKTe 14. Temepb

HCO6XO,Z[I/IMO p3.36I/ITI> QJICMCHTHI ITPUHAJIC/KAIIUEC KAXKAOMY 3TAXKY Ha I'PYIIIIBI, TaK

Ha3bIBACMBIC KOMIIOHCHTBI.

BriOupaem aneMeHTHI 0JIHOTO dTaxka. BeiOnpaeM r000it Buj cOOKYy Ha caMoi

JIEeBOM TaHeNnu BUIOB. 3artem mnepexoauM B Utility menu > Select > Entities...

Breioupaem Elements, By Num/Pick u naxumaem OK. B OTKpbIBIIEMCS MEHIO

BBIOMpaeM BOX u ciieBa HamrpaBo MPOBOJIUM OOKC TaK, YTOOBI BCE AJIEMEHTHI OJTHOTO

ATa)ka IMoIajIu B 00JIaCTh.

=l

Select elements
¢ pick {" Unpick

{" Single ¥ Box

" Polygon (" circle

A

Maximum = 2Z1€44

(" List of Items

" Min, Max, Inc

|

Cancel
Pick R11 Help

Count = 0

Reset

Puc.41. Buibop KO

N naxxumaem OK. Teneps eciiu Mbl nponuiieM B koManHo# ctpoke EPLO

Ha DKpaHe OCTAHYTCS TOJILKO BHIOPAHHBIC AIIEMEHTHI.



Puc.42. Omoobpadicenue evlopannozo nabopa KO

CozmaeM ®3 3TUX dJeMeHTOB kommonenty. Utility menu > Select >
Comp/Assembly > Create Component. OTkpoeTcsi OKHO, B HEM B OKHO HEOOXOIUMO
BIIMCATh Ha3BaHUE KOMIOHEHTHI “S1”, T1e 1 - HomMep 3Taka, B BBIITAIAIOIIEM CITUCKE
BbIOpaTh Elements, Tak kak COXpaHATh B KOMIIOHEHTY MbI OyIeM HMEHHO JJICMEHTHI.

Haxnmaem OK.

n Create Component

[CM] Create Component

Cname Component name | |

|Element5 j
oK Apply Cancel | Help |

Entity Compenent is made of

Puc.43. Cozoanue xomnonenmot (2pynnot K3)



I[anee BO3BpaliacM BUJUMOCTb BCC MOJICIIN, ITPOIINCAB B KOM&HI[HOﬁ CTPOKC

nocienoBaTeabHo aBe KoMaH bl ALLSEL u EPLO. Teneps 3Tu neMCTBUS HYKHO

CeJIaTh JJIsl OCTABIIMXCS ATa)eH, BCEro JOJKHO NoiydnThbes 11 xomnoneHt. Kak
TOJILKO IIpoliecc 3akoHdeH, mepeiaute Utility menu > Select > Component
Manager. OTkpoeTcs MEHIOIIKA, 3JE€Ch MOXHO INPOCMOTPETh BCE HMEIOIIHMECH
KOMITOHEHTBHI M, €CJIM HYXHO, YAQJIUTh Kakue-To Haxatuem [IKM u BbIOOpOM
Delete, taxxxe npu BbiOope Plot Ha skpaHe MOCTpPOHWTCS Ta KOMIIOHEHTA, a MpH

BbIOOpE Plot in context kommoHeHTa OyeT BbljielieHa Ha (DOHE BCCH MOICIH.

n Component Manager *
| ] g sl 2l ] B e
Components @|
Name Type |Count | | -
51 Element 1920
510 Element 1920
S11 Element 2444 Delete ]
52 Element 1920 Plot
53 Element 1920 .
S4 Element 1920 E_'Ott n t?“”tff
S5 Element 1920 ISt with entities
o6 Element 1920 What's This?
s7 Element 1920 aalog Overview
58 Element 1920 —
59 Element 1920

£
K1 2]

Puc.44. Oxno Component manager

12.1ToAroTOBKA K HEJIMHEIHOMY CTATHYECKOMY pacyeTy
AnroputM pacuera Ha no3tanHoe Bo3BeqaeHue B ANSYS cocTtout B TOM, 4TO
MBI TIOCJEAOBATEIbHO BKJIOYAEM KOMIIOHEHTBI-3TaXHU, & Y3JIbl BBIKIFOYEHHBIX
ATaXe )KECTKO 3aKpeIUIIeM, Harpy>kKaeM aKTUBHBIC ATaXHU U pacCUUThIBaeM. UTOObI

pPE3YJIbTATBI IMOCICAOBATCIIBHBIX PACUYCTOB HCE IMICPC3alIMChIBAIM JPYyTI' Apyra



no0aByIsieM IIKaTy IICeBI0-BPEMEHH, Ha KOTOPOH Oy/1eM OTMeYaTh 3Tall BO3BEICHHUS
3JIaHMSL.

[Ipexxne yem HayHEM paboOTaTh MO aNTOPHUTMY, 3aJaJUM COOCTBEHHBIH BeEC
koHCTpyKImsaM. B Main Menu > Preprocessor > Loads > Define Loads > Apply >
Structural > Inertia > Gravity > Global u B oxomko ACELY Tobk0O OTKpBIBIIIETOCS
okHa Brucatp “10”.

Teneps HEOOXOMMO BKIIIOUHTH YUET HEIMHEHHOCTH B pacdere. B Main menu
nepeitném Solution > Analysis Type > Sol’n Controls, OTKpOeTCsi OKHO, B KOTOPOM
B paszjeie Basic B BemamaromeM crucke Analysis Options HeoOxoaumMo BBIOpATh
Large Displacement Static. Dta HaacTpoiKa IO3BOJISCT YYHUTHIBATH OOJIBIIHEC
nepeMenieHus. B Hamell 3amade Takux IMEpeMelleHWH He BO3HHKAET, HO ITY

HAJICTPOMKY BKIIFOUUTh HEOOXOIUMO.

[ ]
Basic Transient ] Sol'n Options] Nonlinear 1Advanced NL
Analysis Options Write ltems to Resulis File
Large Displacement Static j & All solution items
Small Displacement Static - ¢ Basic quantities
ge Disp ame
Crmall Dicnloramant Tronciant hd " User selected
Time Contral
! Time at end of loadstep |O N d
| Element Nodal L
: Automatic time stepping ‘Prog Chosen j Element Nodal 5
]
& Number of substeps Frequency:
 Time increment ‘Write last substep only =
Number of substeps |D where N = |1
Max no. of substeps |O
Min no. of substeps |D

Ok Cancel Help

Puc.45. Hacmpoiixka pewiamens



Ternepp Hy’KHO MOATOTOBUTH MOJENb BBIIIOJIHEHUIO allropuT™Ma pacuéra. ns
9TOI'0 3aKpCIIMM BCC Y3JIbl, KPOMC TCX, 4YTO IIPHUHAIJICIKAT IJJICMCHTAM IICPBOI'O
9Taxa, H606XOI[I/IMO BBI6paTB QJICMCHTHI IICPBOIO 3TAXKa C IIOMOIIBIO KOMIIOHCHT:
Utility Menu > Select > Comp/Assembly > Select Comp/Assembly... Otkpoercs
OKHO, B KOTOPpOM H€06XOI[I/IMO BLI6paTB HGpBI;Iﬁ N3 IBYX BAPHUAHTOB U ITIOATBCPAUTD.
B crnenyroriem okHe HEOOXOIMMO BHIOPATh MMS IIEPBOTO 3TaXKa, & B BHITIAJAIOIEM

caucke From full set u moaTBepAUTH.

n Select Component or Assembly

[CMSEL] Select Entities belonging to Component or Assembly

Mame Comp/Assemb to be selected w
510

51

52

53

54

55

56

57 hd

Type Type of selection W -

oK Apply Cancel Help

Puc.46. Bvibop komnonenmol

UtoOb1 0TOOpa3uiics Haill BHIOPAHHBINA TIEPBBIA ATaX, HYKHO B KOMaHIHOU
ctpoke mpomnucath EPLO. Tenepsr BbiOepeM Bce y3ibl, MPUHAAJEKAIINE ITOMY
3TaXXy W HMHBEPTHUPYEM BBIOOp. B KOMaHIHOW CTpoke mpomuchiBaeM Nsle - sTa
KOMaHJIa BBIOEPET BCE Y3IIbl, MPUHAJJICKAIINE BBHIOPAHHBIM JJIEMEHTaM, TOCIe
KoMmany nsel,inve - koman1a HHBEPTUPYET BBIOOP y3710B. TO €CTh Teneph BEIOpaHbI
y3Jbl, KOTOPBIE HE MPHUHAJJICKAT IEPBOMY dTaxy. 3akpenum ux. Main Menu >
Preprocessor > Loads > Define Loads > Apply > Structural > Displacement > On
Nodes. Otkpoercst okHO, rae Heoboxoaumo BeIOpath Pick All. B caemyromem
otkpeiBiiemMcs okHe BbiOupaem All DOF u moarBepkmaeM. Y3ibl 3aKperuICHBI.

YrtoObl 0TOOpa3UTh X HYKHO Hamucatb komanay nplo.
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Puc.47. 3akpennenue y3108 HeaKkmMuHbIX I1eMEHMO8

Tenepb HEOOXOAMMO BBIKIIOYHMTH W3 pacueTa 3JCMEHTBI, NMPUHAIICIKAIINC
BEPXHUM 3TakaM. B komMaHIIHOU cTpoke mporuckiBacM esIn. Jlamee 8 Main Menu
nepexoauMm Preprocessor > Loads > Load Step Opts > Other > Birth&Death > Kill
Elements, B oTkpeIBIIIEeMcs: OKHE BBIOOpA AJIEMEHTOB B Okomke BruchiBaeM all u
Ha)KMMaeM TIOJTBEPIUTh. BBIKITIOUEHHBIC JIEMEHTHI BCE eIle 0TOOpakaroTcs, HO

OHM HMCIOT HYJCBYIO MATpHUIy KCCTKOCTH. Y1005l OTO6pa?>I/ITI) BCC JJICMCHTHI

BIIUIINTE B KOMaHAHYO cTpoky ALLSEL wu eplo.



13.AiropuT™M CTATHYECKOT0 HEJIMHEIHOT0 pacyeTa
3amamuM Harpy3Ky Ha TEpPEeKpBITHE TEPBOTO 3Taxka. BEIOOp 371eMEHTOB
MEPEKPBITUS MOYKHO OCYIIECTBIIATH JTIOOBIM BBIICONUCAHHBIM METOIOM. [1ycTh B
npumepe OyJIeT Tak: BbIOMpaeM 000 BUI COOKY Ha TaHEIbKe CIIpaBa, MepexoIuM
Main Menu > Preprocessor > Loads > Define Loads > Apply > Structural >
Pressure > On Elements. BoX-om BbIOMpacM 3JIeMEHThI TIEPEKPHITHS U HaXKHMaeM

OK.B OTKPBIBHICMCA OKHC BBOJAUM 3HAYCHHUC HAI'PY3KHU 15u IMOATBCPIKAACM.

n Apply PRES on elems

[SFE] Apply PRES on elems as a |Cnn5tantvalue j

LKEY Load key, usually face no,

If Constant value then:
VBLUE Load PRES value 5

Optional PRES at other face nodes
(leave blank for uniform PRES )
VALZ Load PRES at 2nd node

Visl3 Load PRES at 3rd node

Visl4 Load PRES at 4th node

LRIk

oK Apply | Cancel Help

Puc.48. Oxno 3a0anus naepysku

Teneps 3amaém nceBo-BpeMsi, KOTOpoe OyAeT 0003HAYaTh 3Tal BO3BEICHHUS.

Jnst aToro B komanHou ctpoke nponumieMm TIME, 1. “1” o3nauaetr Homep 3Tamna.

Tenepb MOJKHO HAaCTPOUTDH PCHIATCIIb U 3aITyCTHUTDh HA pacqéT 110 BBINICOITMCAHHOMY

Merony. Ecnu mnosBuiock OKHO-TipeaymnpexaeHue, Haxumaem YES. Pacuér



YCIICITHO BBIMIOJIHEH, HO HA SKpaHe MOSBUIUCH TpaduKu - 3To rpaduku HeBsA30K. B

JAHHOW 3a/1a4€ OHW HaM HE HYKHBI.

-]
I Note X ls Help
v T
&) soltionis doe! &l
Main Menu

E Preferences
Preprocessor
E Solution
= Analysis Type
Define Loads Time = 1
Load Step Opts
® SE Management (CMS) 1.0B+03
B Results Tracking
B Solve
5] 1.0E+02
E From LS Files s
Manual Rezoning
ADAMS Connection 1.0E+01
Diagnostics
B Unabridged Menu
General Postproc
TimeHist Postpro
Radiation Opt
E Session Editor

1.0E+00

diloplpplls|lskkkkRpaaaeee D

B Finish 1.0E-01
File 1.0B-02
SOLUTION OPTIONS
PROBLEM DIMENSIONALITY. . . . . . ... . ... 0 a3
DEGREES OF FREEDIH. . . . . . 1.0E-03
WALYSIS TE, L L L
HONLERR GEOETRIC EFFECTS
NENTON-RRPHEDN OFTION , . . - © . 11 0. 11 ]
GLOBALLY FSSEHBLED HRTRIE S D0 100D P
LOARD STEP OPTIDNS
LOAD STEP HUHBER. 1
TIHE AT END OF THE LOAD STEP. - -
NUHBER OF SUBSTEPS. . . . . . . 1 1.0E-05
84 HL UREER OF EQULL 6R3UR 1 .
STEP CHANGE BOUNIRRY CONDITION IEFALT 0
BRLSIS IF 10T COWEREED & | | ¥ES (B
OIMEREE (ool S el
............ 10.000 o000 teration Number
PRINT OUTPUT CONTROLS KO PRINTOUT
DRTHBASE OUTPUT CONTROLS. ALL DATA URITTEN
FOR THE LAST SUBSTEF

Puc.49. 3asepwenue pacuema 1-ui cmaduu 6036edenus

CJ'IGI[YIOHII/IG OIICpalru BBIIIOJIHHUM C IIOMOIIBIO MAKpPOCa, B KOTOPOM 3aIlIUIICM
OHKII. Y1o0mI 3aITyCTHUTh MaKpOC, HCO6XO,Z[I/IMO BIIMCATb €Iro Ha3BaHUC B KOMaH/IHYIO

cTpoky. TekcT makpoca ¢ KOMMEHTapusiMU: (0c000€ BHUMaHUE YIECIHUTE PadboTe C

KOMITIOHCHTAMH M KOHCTPYKIIHNH %i%, KOTOpas IMoACTaBJIsCT 3HAYCHHUC 1 Ha JaHHOM

mrare BBIMMOJHCHUS IIMKJId B HA3BAHUC KOMHOHCHTBI)

*do,i,2,11 'IIMKJI, B KOTOPOM MBI BKITIOYAaE€M CJICTYIOIHH TaK,
cmsel,s,s%i% Ipabota ¢ KOMIMOHEHTOW. BpIFCIeHHe DIIEMEHTOB,
KOTOPBIE COJICPIKUT B ceOC KOMITOHEHTA.

nsle $ ddele,all,all !ymamsem 3akpernenue ero ys3ios,

ealive,all IBKJTFOYAEM AJIEMEHTHI (BO3BpaIllaeM He HYJICBYIO MATPHILY
YKECTKOCTH)
esel,s,sect,,3 ! BEIOMpaeM MepeKphITUS [0 HOMEPY CCUCHHS

sfe,all,,pres,,15 !3a7aéM Harpy3Ky Ha TIEPEKPBITHE



alls IBBIIIEIISIEM BCE DEJIEMEHTHI Mepe/] 3alyCKOM Ha pacyér

TIME,i lycTaHaBIMBaeM 1Iar U KOJIUYECTBO UTEpaIuid
NSUBST,1,10000,1

SOLVE I3amyckaem pacuér

*enddo

Kném, noka 3nauenue TIME nag rpaduxom He Oynet pasuo 11. Torna pacuer

nepBbIX 11 3TamnoB OyaeT 3aKOHYEH.
a
| X Note X lis Help

@) solionis donel 1| Z| =)
" Close |

Main Menu

B Preferences
Preprocessor
& Solution
Analysis Type
Define Loads Time = 11
Load Step Opts
SE Management (CMS) 1.0E+03
E Results Tracking
B Solve
B 1.0E+02
E From LS Files c
Manual Rezoning
ADAMS Connection 1.0E401
Diagnostics
B Unabridged Menu
General Postproc
TimeHist Postpro
Radiation Opt
E Session Editor
& Finish 1.0E-01

1.0E+00

1.0E-02

1.0E-03

1.0E-04

1.0E-05

AZleplpREFbEEpEEPERRRRRREE ]

Puc.50. 3asepwenue pacuema 11-ii cmaouu o36ederus

Ha nBewaamaroM »Jtame BO3BEACHHUSA HEOOXOAUMO [00aBUTH KO BCEM
Harpy3kam gononuutenbHbie 10 kH. J{ms 9Tor0 BRIOHMpaeM AIeMEHTHI e EeKPHITHS

no HoMmepy ceuenus. Utility Menu > Select > Entities ...



1
ELEMENTS

u Select Entities

Elements -
By Attributes -

¢ Material num

" Elem type num
" Real set num
" Elem CS num
" Section ID num
" Layer num

Min,Max,Inc

* From Full
" Reselect
" Also Select
" Unselect

Sele All | Invert
Sele Nunel Sele Belo

OK Apply
Plot Replot

Puc.51. Bvibop snemenmog 01 3a0anusi HazpysKu

[Ipexxne yem 3amaBaTh 3Ty HArpy3Ky HEOOXOAMMO BKIIIOUUTH BO3MOKHOCTH
CIIO)KCHHE HArpy30K, MHAa4Ye HOBas Harpyska mepesamuiinet crapyto. [lepexoaum B
Main Menu > Solution > Define Loads > Settings > Replace vs Add > Surface
Loads. B oTkpsiBIIeMCSi OKHE BBIOMpAaeM W3 IEPBOrO BHINAJAIOIIETO CIHMCKA
Pressure (PRES) “Add to existing” w nonrsepauth, HaxxkaB OK. Ternepb MOXHO

3aJlaBaTb JOIIOJIHUTCIbHYIO HAI'PY3KY.



n Replace/Add Setting for Surface Loads

[SFCUM] Replace/Add Setting for Surface Loads 2]
Pressure (PRES) b
Oper Mew load values will Add to existing j
FACT Scale factor-First real Replace existing

Be ignored!
— — 7

FACTZ Scale factor-Second real

Convection (CONWV)

Oper Mew load values will

-
m
=
g
8
m
g
&
=1
n
[«

FACT Scale factor, film coef

FACTZ Scale factor, bulk temp

Heat flux (HFLUX])

Oper Mew load values will

-
m
=
g
8
m
g
&
=1
w
[«

FACT Scale factor

Superelement load vector (SELV)

Oper Mew load values will

-
m
=
g
8
m
g
&
=1
w
[«

FACT 5cale factor-First real

FACTZ Scale factor-5econd real

Impedance (IMPDY

Oper Mew load values will |Rep|ace existing j
FACT Scale factor-First real

FACTZ Scale factor-Second real

Surface Charge Density (CHRGS)

Oper New load values will |Rep|ace existing j

FACT Scale factor

OK Cancel Help

Puc.52. Hacmpotixa cymmuposanus Hazpy30K

3amaém Harpysky Main Menu > Solution > Define Loads > Apply > Structural
> Pressure > On Element. B nossuBmemMcs okne Haxumaem Pick all, a B
cneayromniem B okHo VALUE BnuceiBaem “10”. Harpy3ku CIIOXKUIUCH, MOXKHO
3aIyCKaTh pacyeT, HO BBHIOPAHBI TOJBKO MEPEKPHITHS, BIUCHIBAEM B KOMAaHIHYIO
ctpoky ALLSEL nnst Toro, yToObl BbIOpaTh BCE 3JIEMEHTHI. Tenepb B KOMaHIHOMN

CTpoke mponuckiBaem 12-p1if mar - TIME, 12 u 3amyckaem pacuér.




14.3arpy3ka roroBbIxX MojeJei
Jliis Toro, 4ToOBI OTKPBITH TOTOBYIO Mojelb Heooxoammo B Utility menu
BeIOpaTh Resume from. Orkpoercs okHo Resume Database, rme B Directories
HEOOXOMMO BBIOpATh Mamnky u (aiii, KOTOPbIi T0HKEeH UMeTh pasperneHue .db.

HasBanwue ¢aiina 10KHO OBITH Ha JIATHHUILE.

n Ansys Mechanical Enterprise Utility Menu (for examples)
File Select List Plot PlotCirls WorkPlane Parameters Macro MenuCirls Help

Clear & Start New .. ﬂl
Change Jobname __. r
Change Directory ... :
Change Title .. JUIT| POWRGRPH|

Resume Jobname.db ... | ®|

Resume from ... i 1

Save as Jobname.db
Saveas ..
Write DB log file ..

NODES

Read Input from _.
Switch Output to 4

List b
File Operations 4
File Options __.

Import 4
Export

Report Generator ...

Exit ...

Puc.53. 3acpysxa mooenu uz ¢gatina

Taxxe MOKHO COXpaHHUTh TOTOBYIO0 KD Mt reoMeTpruiecKyto MOJIeNb, BHIOpaB
Save as ... u BBeAs Ha3BaHUe (paiiyia U BHIOpAB MaNKy, KyJa MOJAEIb HEOOXOAUMO
COXPaHUTh, B TIOSIBUBILIEMCSI OKHE.

MOXHO TOKPYTUTh WU MacCIITa0MPOBATH MOJEIh C TOMOIIBIO KHOTIOK Ha

nmpaBoil maHenu rpaduueckoro uHTepdeiica. BepHyThCsl B HCXOMHOE MOJIOKEHNE,

@]

HN30MCTPHUIO, MOXHO HAXATUCM KHOIIKHU , a BKIIOYWUTb YIIPABJICHUC C

8|

IIOMOIIIBIO MBbIIMIKK Ha Torna nepeMecuicHnue MOACIM B OKHC



ocymiectisiercss Ha JIKM, moBopot Ha [IKM, Macmitad - HaxxaTHeM Ha KOJECHUKO
MBIIITH.

Ecnu nocne kakux-nu0o JeWCTBUM HEOOXOAMMO BOCCTAHOBUTH HCXOHYIO
MoJienb, HeoOxomumo Haxkath RESUME_DB wa Toolbar B BepxHeilt dacTtu

rpaduueckoro uHTepdeiica. Mozaenb BEpHETCA B UCXOHOE COCTOSIHHE.

15.I1poBepka mozaeJieit
[Tocne moarpy3ku MonAeANM HEOOXOAMMO TIPOBEPUTh, KAaKUE 3JIEMEHTHI
UCITIOJIB3YIOTCSI B MOJEIIN, UX CEUYCHHUS SJIEMEHTOB, MAaTEPHUAJIbL, 3aKPEIUICHUS U TII.
YToObl MOCMOTPETH THITHI 3JIEMEHTOB HeoOxoaumo B Main Menu nepeiitu B
Preprocessor > Element Type > Add/Edit/Delete B otkpriBmemcs okue (Element

type) mpoBepsieM THUIBI JIEMEHTOB, KOTOPBIE UCIIOIL3YIOTCSI B MOJIENN

File Select List Plot PlotCirls WorkPlane Parameters Ma

2| 2| Z — M

Toolbar

sAVE DB| REsum DB| QuIT| POWRGRPH|

Main Menu ol ——
Preferences | I Element Types

= Preprocessor
= Element Type

Add/Edit/Delete Defined Element Types:
Switch Elem Type ype 1 BEAM188
Add DOF Type 2 SHELL181

Remove DOFs
Elem Tech Control
Real Constants
Material Props
Sections
Modeling

Puc.54. Ilpocmomp 3a0annvix munog K9
YroObl mocMoTpeTh MaTepuaibl Heooxoaumo B Utility menu BeiOpats List >
Properties > All Materials. Otkpoercs okao MPLIST Command, rae nepeyunciieHs
WCITOJIB3YFOIIMECS B MOJICIIM MaTepHalibl U UX CBOWCTBA. B Haliem cirydae MOAysIb

ynpyroctu EX, koadduunent [lyaccona PRXY u mnotnocts DENS.



u Ansys Mechanical Enterprise Utility Menu (for examples)

File 5Select List Plot PlotCtrls
Dj=@|g Fies
Toolbar Status
SAVE DB Keypoint
— < Lines __.

Main M Areas
M Volumes
Ereferenc Nodes
5 Preproces  cioments

Elemen

Real Cc Components

Picked Entities +

Materia

Meshin Loads
Checkii Results
Numbe Other

Archive moder

HEEEHEBEEME

Section -
Modelir

WorkPlane Parameters Macro Mer

L3 @]

3

" DWRGRPH

1

AREAS

TYPE NUM

Element Types

All Real Constants
Specified Real Const ...

»
»

Section Properties

HATERIAL MUHBER =
Ed = 0.30000E-H12
HURY = 0.20000
OEWS = 2.5000
PREY = 0.20000

1 EYALUATED AT TEHPERATURE OF

= Coupling / Ceqn : i
Loads Specified Section Props .

Path Operations All Materials
Solution :
General Postproc ::: Ea’;:s SAiTle_F:IﬁEG Temp..
TimeHist Postpro ?‘ S, €mps
Radiation Opt Specified Matl, All Temps .
Session Editor L Dat
Finish ayer Dala ...

Data Tables

n

File

EYALUATE HATERIAL PROPERTIES FOR HATERIALS 110 1 IN INCREHENTS OF 1

0.0000

Puc.55. Ilpocmomp 3a0annvix mamepuanog



YToObl TOCMOTPETH CEUEHUS AIEMEHTOB HeoOxomumo B Main menu BeiOpaTh
Preprocessor > Sections > List Sections B mosBuBmemcs: okue (List Summary of
Section Properties) B mepBoM BBITIAIAI0IIEM CITHCKE BHIOPATH CEUEHHE C | HOMEpOM,

B CJICOAYIOIICM C HanOOIBIINM HOMCPOM. B CICAYIOIINX OKHAaX BLICTABUTH 3HAYCHUA

COTJIaCHO PUCYHKY:

n List Summary of Section Properties

[5LIST] Properties of Sections
First Section 1D [SFIRST]

|
Last Section ID [SLAST] | 2 j

Increment in 1D [SINC] :
Beam and Shell Listing Options |Gru:uupeu:| List j
ecion s M -

oK | Apply | Cancel Help

Puc.56. Ilpocmomp 3a0annvix ceueruil

N naxars OK, TOorga OTKpPOETCA OKHO-CIIMCOK BCEX CEYEHUM KOHEUHBIX
AJEMEHTOB. MOXHO MOCMOTPETh MX HOMEPA, XAPAKTEPUCTUKHU, K KAKUM THUIIAM

9JICMCHTOB OHHU IIPpUHAIJICIKAT.



File Select List Plot PlotCirls WorkPlane Parameters Macro MenuC
D= a8 8l & 2| =
Toolbar B susT Command X
SAVE_DB| RESUM_DB)| ¢ Fie

~

LIST SECTION ID SETS 1T 3By 1

Main Menu

Preferences
E Preprocessor
Element Type

Details = GROUP

SECTION 10 HUHBER:

BEAH SECTION SUBTVPE: Rectangle
BEAH SECTION MRHE IS: k-1
BEAH SECTION DATH SUHHARY:

Araa = 0.25000

Tyy = [L.52093E-02
@ Real (:‘,onstants Tuz =-0.54210E-19
Material Props Izz = D.52083E-02
: Harping Constant = 0.15048E-05
8 Sections Torsion Constant = 0LG9143E-02
Section Library Centroid Y = 0.36736E-13
Centroid 7 = 0.5204%E-17
Beam Shear Canter ¥ = 0.32526E-18
Shell Shear Center Z =-0.23663E-16
. Shear Correction-sy = 0.84211
Pretension Shear Correctionyz = 0.16949E-14
Joints Shear Correct ion-xz = 0.84211
Reinforcing Boan Section is offset to CENTROID of cross section
Pipe SECTION 10 WUHBER: 2
Link SHELL SECTION TvPE:
Axis SHELL SECTION HRHE I8:

SHELL SECTION DATR SUHHARY: .

Contact Hunber of Layers

= " Total Thickness 0. 400000
List Sections
Delete Section Layar Thickress HatID Ovi. Angle Mun Intg. Pts
Modeling 1 g0 1 1111
MEShmg Shell Section is offset to HID surface of Shell

Checking Ctrls

Numbering Ctrls Sect ion Solution Controls

Uzer Transverse Shear Stiffness (11)= 0.0000

Archive Model e oo

Coupling / Ceqn Added Hass Per Unit Frea = 0.0000

Loads Hourglass Scale Factor; Henbrane = 1.0000

. Banding = 1.0000

Path Operations Orill Stiffness Scale Factor = 1.0000
Solution SECTION ID HUHBER: 3

SHELL SECTION THPE:
GHELL SECTION HAHE IS:
SHELL SECTION DATR SUHHARY:

General Postproc
TimeHist Postpro

T i Hunber of Layers = 1
E Radiation Opt Total Tickness = 0.200000
Session Editor
Layar Thickress  HatID  Ovi. Angle Mun Intg. Pts

Finish

Puc.57. Ilpocmomp 3a0annvix cewenuti

ITocne IMPOBCPKH BCCX THUIIOB, CCUCHUU U MaTCpraJIoB, MOXKHO IMMEPEXOINUTH B

peliaTeib.

16.3anmyck roroBbIX MAKpOCOB
Jlnst Toro, 4ToOBI 3aIMyCTUTh TOTOBBIM MaKpOC, HAMMCAHHBIM B TEKCTOBOM
pemakTope, HeoOxoauMo B KoMaHaHyto crpoky Command  Prompt,
pacrnojoxkeHnyo cBepxy mnoa Utility menu wim OTKpPBITO B OTACIBHOM OKHE,
BIIMCATh HA3BaHHWE MaKpoca M HaxaTh Beoo Ha KiaBuatype. TeKCTOBBIN (haiin

Makpoca gojbkeH wumerh pacumpenue .MAC. BnwuceiBaTh paciidpeHue B



KOMaH/IHYIO CTPOKY He 00s13arenbHo. B ciiydae, ecniu HAWTH KOMaHIHYIO CTPOKY HE

ot PlotCirls WorkPlar

o] 2 =)= |
) )
ymaercs, HeoOXoauMmo HaxkaTh Raise Hidden os|aufrowees 310 cpemaeT CHOBa
BHUJIMMBIMHU BCE OTKPBITHIC OKHA.

B AnsYs Command Window ®

MNo known command
mont

Puc.58. 3anyck maxpoca

Torma ANSY'S nocienoBaTeibHO BBITIOTHSET KX bl 1Iar TEKCTOBOTO (haiina.
Bc€, uro naxomutcs 3a ! B Tekcte Mmakpoca ANSYS He uyuTaer, 3To
M0JIH30BaTEIbCKUE KOMMEHTAapUU. Takke CUMTBhIBAaHHE MaKpoca 3aKaHUYMBAETCH,
eciit ANSYS Berpeuaet B Tekcte /EOF.

Jlns pereHust JaHHOM 3a/1a4i HEOOXOIMM CJIC YOI KOS,

/SOLU 'mepexo/1 B periareiib

ANTYPE,STATIC IBBIOOP CTaTHMUYECKOTO pacyeTa

nlgeom,on ly4dnUTHIBAEM HEJTMHEUHOCTD

nropt,full

I 1-# sTax

alls

ealive,all IBKITIOYAEM BCE ITAXKH

cmsel,s,sl IBBIOMpAEM 3I€MEHTBI, TPUHAAJICKAIIUE IEPBOMY ITAKY
nsle IBBIOMpaEM Y3161, IPUHAJICKAIINE STHM JIEMEHTaM
esel,inve $ ekillall !BBIOMpPAaEM 3JICMEHTHI, HEe TIPHHAICKAIIHE y3J1aM

I'u “youBaeM” ux
nsel,inve $ d,all,all IBBIOMpAEM Y3JIbl, TPUHAIJICKAIUE “yOUTHIM” 3JIEMEHTaM
l1 3aKpeIUIsieM MX 10 BCEM CTEIIEHSIM CBOOOIBI

esel,s,sect,,3 !BEIOMpaEM MepeKphITHE



sfe,all,,pres,,1.5%9.81

alls

TIME,1
NSUBST,1,10000,1
SOLVE

*do,1,2,11
cmsel,s,s%i%

nsle $ ddele,all,all
ealive,all
esel,s,sect,,3
sfe,all,,pres,,15

alls

TIME,i
NSUBST,1,10000,1
SOLVE

*enddo

TIME,12
sfcum,pres,add
esel,s,sect,,3
sfe,all,,pres,,1.0*9.81

alls

NSUBST,1,10000,1
SOLVE

finish

!3amaéM Ha Hero Harpy3ky B kH

!BBIOMpaEM BCE KUBBIEC ATIEMEHTHI
I1-p1i1 war pacyera

IMaKc. ¥ MUH. KOJINYECTBO UTEpALIUi
I3amyck pemarens

'IUKJI, B KOTOPOM BKJIFOUAEM CIIEAYIOIIMI 3Tax,

lynansem 3akperieHue ero y3Jios,

I3a1aéM Harpy3Ky Ha MEPEKPHITHE,

!YCTaHaBJ'II/IBaGM mrar 1 KOJIM4CeCTBO HTepauHﬁ,pacqu

I3anmyckaem

'mocnenHuit HTan
IBKITFOYaeM BO3MOKHOCTh CKJIJbIBaTh HATPY3KH,
! neficTByIOIIME HA DJIEMEHTHI

!3a1aéM Harpy3Ky Ha BCE MEPEKPBITUS

pemraem

IBBIXOAMM U3 pElIaTeNs U 3aBepiiaeM padboTy



17.11pocMOTp pe3yJIbTATOB HEJIMHEHHOI0 CTATHYECKOI0 pacyera

B naHHOM 3amaue camMbplM MHTEPECHBIM Uil Hac OyleT CpaBHEHHE
nepemeniennii mo ocu OY U cpaBHEHHE NMPOJOIBHBIX YCHIINK B KOJIOHHaX. HauHéM
¢ modartanHoro Bo3seAeHusA. ANSYS coxpaHun Bce pe3yJbTaThl NOJyYEHHBIE 110
KaXJIOMYy LIary IICEBIO-BPEMEHHU, IMOTOMY MBI MOXEM BbIOpaTh JII00OH 3Tam u
MOCMOTPETh yCHIIHs, iepemenieHus u Ta. Hac uarepecyer nocneguuii stan. YtooObl
BKJIFOUUTH pe3yiIbTaThl 12-ro 3Tana HeoOXoAuMO TepeiiTu B mocTmporieccop: Main
Menu > General Postproc > Read results > By Pick. Otkpoetcsi 0kHO, B KOTOPOM

HE00XO0MMO KIIMKHYTh Ha MTOCIIeTHUH, 12-b1i1, sTan u Haxath Read u Close.

¥ Results File: octbriZ.rst *
Available Data Sets:

w

OO~ W=D

Time Load Step Substep Cumulative
1.0000 1 1 2
2.0000
3.0000
4.0000
5.0000
6.0000
7.0000
8.0000
9.0000

10 10.000 10

11 11.000 11

12 12.000 12 1 24

—

Do~ D wh

Read Next Previous
Close Help

Puc.59. Bvibop cmaouu monmasica 0Jisi 861600a pe3yibmamos

ANSYS nepexntounncs Ha 12 stan. Tenepb 11t mpocMoTpa MepeMELICHUN 1
SIIOP MPOOJIBHBIX YCHINI HeoOXx0auMo reperitu B Main Menu > General Postproc
> Plot Results > Contour Plot > Nodal Solu. Otkpoercsi okoIIKO, B KOTOPOM
Heooxoxumo B manke Nodal Solution Beiopars DOF Solution > Y-Component of
displacement. Buu3y, B BeinmazarorieM crrcke, Beiopats Auto Calculated u naxxatsb
OK.



n Contour Nodal Selution Data X

ltem to be contoured

Favorites :
& Nodal Solution
2 DOF Solution
@@ X-Component of displacement
P
g Z-Component of displacement
i@ Displacement vector sum
g X-Component of rotation
g Y-Component of rotation b
g Z-Component of rotation
i Rotation vector sum
Stress
Total Mechanical Strain
Elastic Strain -]
KT 2l

Undisplaced shape key

Undisplaced shape key |Deformed shape only j
Scale Factor Auto Calculated [

Additional Options @]

ak. | Apply | Cancel | Help |

Puc.60. Bvisoo sepmuxanvHvix nepemewjeHu

[Tonmyuynnacek nedopMUpOBaHHAS CXEMa C M3OMOJISIMU MepeMenieHnid. BHuzy

mkana nepemenienui no OY.

SMN =-.034319

-.034319 -.026692
.030506

Puc.61. U30nona eepmuxanvHulx nepemewyeHull Ha 0ephopmMuposanHoll cxeme



Jlyst Toro, 9To0BI OTOOPA3UTH AMIOPHI YCUIIUM, CHAaYaia HY)KHO OCTAaBUTh HA
9KpaHe TOJIbKO KosioHHBI. HeoOxomumo B Utility Menu niepetitu Select > Entities, B
OTKPBIBIIEMCSI MCHIO B TICPBOM BBINAJAMONIEM CIHCKe BbIOpaTh Elements, B
cienyromeM By Attributes u Beiopats Section 1D num, B HIJKHEM OKOIIIKE HAITUIIIATE
“1” - ceyeHue MO STUM HOMEPOM MPUHAIICKUT KoJIoHHaM. U moaTBepanTe, HaxkaB
OK. Eciu KOJIOHHBI HE OTOOpaXKaroTCs, MPOIUIINUTE KOMaHay eplo B koMaHHYIO
CTPOKY.

JI1st mocTpoeHusl 3MI0p B KOJOHHAX HEOOXOAMMO IMOCTPOUTH CIEHUATBHYIO
ta0ymity Element Table. I[Tepexoaum B Main Menu > General Postproc > Element
Table > Define Table > Add... OTkpoercs OKHO, B KOTOPOM HY>KHO 3aIlOJIHUTh
BTOPOE OKHO - 3TO Ha3BaHUE SIIOPHI, Y HAC 3MMI0pa MpoaoibHbIX cuil N. M3 crmcka
BbIOpaTh By sequence num, u3 mpaBoro cmucka BeiOpate SMISC, u B okHO HIKE
gonucath “1”. DTo HOMEp, KOTOPBIM COOTHECEH C MpOaoJbHOM cuion mis KD

Beam188, monpobuee MmoxHo npouects B HELP ¢ Element library.

n Define Additional Element Table ltems

[AVPRIN] Eff MU for EGV strain

[ETABLE] Define Additional Element Table ltems

Lab User label for item

Itemn,Comp Results data item Strain-thermal ~
Strain-plastic
Strain-creep
Strain-other
Contact
Optimization

SMISC, 1

(For "By sequence num", enter sequence
no. in Selection box. See Table 4.xx-3

in Elements Manual for seq. numbers.)

oK Apply Cancel Help

Puc.62. Cozoanue snemenmnvix mabauy. lllae 1

[TonrBepaute HaxkatueM OK. OKHO 3aKpOETCS M TOJIBKO UTO CO3IaHHBIN
AJIEMEHT MOSBUTCS B Tabnuiie. TOYHO Takke HYKHO CJIeJIaTh CO BTOPhIM

AJIEMEHTOM TAOJIUIIBL.



u Define Additional Elernent Table ltems

[AVPRIMN] Eff NU for EQV strain

[ETABLE] Define Additional Element Table ltermns
Lab User label for item

Il

Strain-thermal
Strain-plastic
Strain-creep
Strain-other
Contact
Optirization

ltemn,Comp Results data item

(For "By sequence num", enter sequence
no. in Selection box, See Table 4.x-3

in Elerments Manual for seq. numbers.)

0K Apply Cancel Help

Puc.63. Cozoarnue snemenmuvix maobauy. lllae 2

OTH DJIEMEHTHI MOSIBATCS B CIIHCKE. Tenepb MOJHO 3aKpbIBATb 3TO OKHO.

BN Element Table Data x
Currently Defined Data and Status:
Label [tem Comp Time Stamp Status
NI SMIS 14 Time= 12.000 {Current)

SMIS Time= 12.000 (Current)

Puc.64. Ilpocmomp co30annvix 31emeHmHbIX Mabauy

Teneps MOkHO prcoBaTh 3mopy. [lepexoaum Main Menu > General
Postproc > Plot results > Contour Plot > Line Elem Res. Beibupaem 1Be TOJIbKO
YTO CO31aHHBIC Ta6J'II/II_U:.I 110 HAa3BaAHUIKO, OCTAJIBHOC OCTAaBJIsIEM KaK €CTh. 141

"HaxxumaeMm OK.



u Plot Line-Element Results

[PLLS] Plot Line-Element Result

Labl Elem table item at node | M -
Lab) Elem table item at node ] M) -

Fact Optional scale factor I:I

KUND  Items to be plotted on
{+ Undeformed shape

(" Deformed shape

ViewUP Align With ViewUp Vector
+ NO

~ YES

oK | Apply | Cancel Help

Puc.65. Ilocmpoenue sniopvl npoO0OIbHBIX CUL C UCNOTILI0BAHUEM CO30AHHBIX

INNEMEHMHbIX ma6ﬂuz4

[Tonmyyaem »smiopy TMpOJNOJNBHBIX YCWIMM B  KoJIOHHax. HaumOosnbiue

CXKHMAKIUC YCUIINA HAXOAATCA B HCHTPAJIBHBIX KOJIOHHAX HUKHCTO 3TaxKa.

LINE STRESS
STEP=12

SUB =1
TIME=12

.4634
ELEM=21096

3 9583.7 6¢ .78
-10950 2752.1 -19.4634

Puc.66. Snopvt npooonbhbix cun



18.I1pocmoTp pe3yabTATOB JMHEHHOI0 CTATHYECKOI0 pacyera
Jnsg mpocMoTpa pe3ynbTaTOB JIMHEMHOTO pacyéTa HE HYXKHO BKIIOYATh
OIpeIeIEHHBIN ATal pacuéTa, TO €CTh MOCIIe MosTydeHust okaa Solution Done mMosxHO
cpasy nepexoauth B Main Menu > General Postproc > Plot Results > Contour Plot
> Nodal Solu mns mpocMoTpa mepemerneHui Mo BepTHKaIbHON ocH. [lomyumm

CICAYyomue ICpCMCIICHUA.

NODAL SOLUTION

STEP=1 ACADEMIC
SUB =1 . NOV 24 2023
TIME=1 § 19:34:59
16’ (AVG) =

RSYS=0

DMX =.039105
SMN =-.039012

Vs‘v ;'“

@Tﬁfv'f

f“i

\ 4

:

y vy
",:;“;‘_ a‘

-.030343 = /021673 -.013004 —.004335
-.034677 -.017339 -.008669 0

Puc.67. H30nona eepmuxanvhbix nepemenujeHuil Ha 0eq)opmMupo8arHHou cxeme



[TocTpouTs AMIOPBI HYKHO MO CIOCO0Y, OMUCAHHOMY JIs TIOSTAITHOTO

pacuéra. [lonyuum cnenyromue pe3yibTaThl:

LINE STRESS

STEP=1

SUB =1

TIME=1

| N2
MIN =-11739.3
ELEM=1903
MAX =9.16819
ELEM=21096

ACADEMIC

NOV 24 2023

Puc.68. Oniopwvl npooonbrsix cun

19.ConocrapiieHne pe3yJibTATOB PACYeTOB

19:40:07

OnnomomenTtHas | IlosTamHoe Bo3BeneHuE 5. %
cxeMa (MOHTaX)
ITpononeHeie yeunusa N max, kH 9.2 -19.7 -
[Tpononbubie yeunus N min, kH -11739.3 -12316.3 4,7
[Tepememenune Uy max, Mmm -39,0 -34,3 12,1

Takum oOpazoMm mpu pacuere 0e3 ydéTa TEHETHYECKOW HEIMHEHHOCTH B
KOJIOHHaX BEPXHEr0 ATa)ka MOSIBJISIIOTCS PACTATUBAIOIINE YCUIIUS, YETO HA CaMOM
JieJie HE MPOUCXoAauT. Pacyer ¢ yuéToM MOATAITHOCTH BO3BEJECHUS K€ MOKA3bIBAET

0onee (pU3MUHBIE U COOTBETCTBYIOIINE PEATLHOCTU PE3YIbTATHI.



