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3ATAJIBHI NOJIOKEHHSA

MeTonuuHi pekoMeHaamii MPU3HAYCHI JOTOMOITH CTYJICHTaM BUKOHATH
po3paxyHKoBO-TpadiuHi podoTH 3 Kypey «lHxKeHepH1 3a1a4l Teopii NPy>KHOCTI»
B cepenouill [IK ANSYS.

Po3paxyHnkoBo-rpadiuHy poOOTy CTyIEHT T[IOBMHEH BHUKOHATH 3a
IHAMBIAYaJIbHUM 3aBJAHHSM, YMOBA SIKOTO BU3HAYa€ThCSA 3T1JHO 3 HIU(PPOM,
BUJIAHUM BUKJIagadeM. BuxigHi n1ani (po3paxyHKOBI CXEMH Ta YUCTIOB1 3HAYCHHS )
CTYJIeHT BUOUpae 3 10/.1 3a Bi1acHUM mU(PPOM y BUTIISAL TPU3HAYHOTO YHUCIIA.

[TosicHeHHsT Ta pO3paxyHKH NOTPIOHO BHKOHYBATH Ha KOMIIIOTEpl 3a
nornomororo MS Word. J{nst KoKHOT0 3aBJaHHSI HABEJICHO IJIaH Ta pEeKOMEH 1Al
10710 BUKOHAHHS TIOETAITHOTO PO3PAXYyHKY.

OdopmittoeTbest po3paxyHKoBO-rpadiuHa poboTa Ha apkymax ¢dopMmary
A4, K1 CKPIIUTIOIOTHCA 371Ba. TUTYJIRHHUM apKyll poOOTH O(QOpMITIOETHCSA 3a
3pa3koM (JIuB. 1011. 2)

META POBOTH
O3HAallOMUTH CTYIEHTIB 3 0a30BHUMH MOHATTAMU Ta METOJAMU Teopii
MPY>KHOCTI; OCHOBHMMHU MiAXOAaMH Ta MpPUHLUUNIAMH poOoTH B  Ansys
Workbench; nagatu npakTidHi HABUYKU MMPOBEACHHS 1HXCHEPHUX PO3PaXyHKIB
MeTonoM ckiHueHHUX erneMeHTiB (MCE) Ha MIlHICTh, )KOPCTKICTh Ta CTIMKICTD;,

HABYUTHU METOJIaM 0OpOOKH Ta MEPEBIPKM OTPUMAHUX YHCEIbHUX PE3yJIbTATIB.

TEOPETHUYHI BIIOMOCTI

ANSYS - yHiBepcanmbHa TMpOrpamMHa CHCTEMa aHalli3y METOI0M
ckinueHHux enemeHTiB (MCE), mo icHye 1 pOo3BHUBA€THCS MPOTITOM OCTaHHIX
40 pokiB. ANSY S mmpoko 3acTocoBY€eThCS Y (haxiBIIiB y c(hepi aBTOMATU30BAHUX
imkeHepanx pospaxyHkiB (CAIIP, abo CAE) i pimenns MCE mniniiinux ta
HENHIMHUX, CTalllOHAPHUX Ta HECTAI[IOHAPHUX MPOCTOPOBUX 3aJlay MEXaHIKU
neOpMOBAHOTO TBEPAOTO Tijla Ta MEXaHIKM KOHCTPYKINA (BKIIOYAIOYU
HECTaIllOHApHI TEOMETPUYHO Ta (I3MYHO HENIHIWHI 3aBJaHHS KOHTAKTHOI
B3a€EMOJ[Ii €JIEMEHTIB KOHCTPYKILI), 3aJad MEXaHIKM pIAMHM Ta Tasy,
TeIuIonepeaayi Ta TerI000MiHY.

[IporpaMHuii KOMIUIEKC OXOIUTIOE€ MPAKTUYHO BCl BHJU 1HXKEHEPHOTO
aHami3y: BIJ] MEXaHIKA TBEPAOro Ne(OpPMIBHOTO Tija 1 TEIJIOBOTO aHai3y A0
TiApo- ra3oJMHAMIKM 1 aHaJi3y MpPOLECiB TOpiHHA, BUOYXIB, TEIUIOOOMIHY 1
(da3oBuUX Mepexo/IiB, eIEKTPOIUHAMIKH.


https://ru.wikipedia.org/wiki/%D0%9C%D0%B5%D1%82%D0%BE%D0%B4_%D0%BA%D0%BE%D0%BD%D0%B5%D1%87%D0%BD%D1%8B%D1%85_%D1%8D%D0%BB%D0%B5%D0%BC%D0%B5%D0%BD%D1%82%D0%BE%D0%B2
https://ru.wikipedia.org/wiki/%D0%9C%D0%B5%D1%82%D0%BE%D0%B4_%D0%BA%D0%BE%D0%BD%D0%B5%D1%87%D0%BD%D1%8B%D1%85_%D1%8D%D0%BB%D0%B5%D0%BC%D0%B5%D0%BD%D1%82%D0%BE%D0%B2
https://ru.wikipedia.org/wiki/%D0%A1%D0%90%D0%9F%D0%A0
https://ru.wikipedia.org/wiki/Computer-aided_engineering

HHPUKJIAAN BUKOHAHHA
PO3PAXYHKOBO -I'PA®IYHHUX POBIT

3apaanna Nel. locainxenns Hanpy:xeHo-AegopmoBanoro crany (HAC)
0aaku B ITK «<ANSYS».

Jlst nBoTaBpOBOi Oanku, 300paxeHol Ha puc.l, BUBHAUNTH HANPYKEHHS,
MEepeMIIeHHs] Ta TOPIBHATH 30DKHICTh 3 aHAITHYHUMU PO3paxyHKaMu 3a
Teopi€ro 3ruHy Oanok. Marepian — cranb, niepepiz - asotaBp IPE200. ITig gac
moaenoBadHs B [TK «ANSY Sy po3risiHyTH CTEp)KHEBY Ta IPOCTOPOBY MOIEIII.

N220 F=20 kHm

I /»7 L&

e 2 M 2 M rw

Puc.1. Po3paxyHkoBa cxema 0anku

1.1. AHaniTHYHUI MeTOo PO3PAaXyHKY 3a J0NIOMOI0I0 TinoTe3 MJIOCKUX
NornepevYHuX nepepisin:

1)  TeomeTpuyHi XapaKTEPUCTHKH TPSMOKYTHOTO IIOMEPEYHOrO IMepepizy
nsotaspa [IPE200.

1=1943,4cm® - MoMmeHT iHepuii mepepisy

N\ T BIJIHOCHO FOPU30HTAIILHOI OCI;
= W =194,3cu® - MOMEHT omopy Iepepisy
56 S BIJIHOCHO FOPU30HTAIILHOI OCI;
o S=110cm® - cTaTUUHWUE MOMEHT ILIONI
qu MIOJIOBUHU TEPEPI3y BIAHOCHO TOPU3OHTAIBHOI OCI.
/ ['eomerpuuHi XapaKTEePUCTUKHU

IMOIICPCHHOI O Hepepi3y BU3HA4YAIOTLCA 3a

COPTaMEHTOM:
Puc.2 Tlonepeunuii nepepis

https://eurocodeapplied.com/design/en1993/ipe-hea-heb-hem-design-
properties



https://eurocodeapplied.com/design/en1993/ipe-hea-heb-hem-design-properties
https://eurocodeapplied.com/design/en1993/ipe-hea-heb-hem-design-properties

Design properties of IPE profiles for $235 steel class (yyp = 1.00, units = mm)
Profile dimensions Area properties Inertia properties about major axis y-y Inertia proper
Shear Shear Second Radius Elastic Plastic Second Radi
Depth Width .WEb F.Iange Root Weight Perimeter Area areazz  area moment of section section moment of
. : thickness thickness radius .
Profile | Drawing h b t t A m P A N A"'Zz] y-y ofarea  gyration modulus modulus of area gyrat
[mm] [mm] w [kg/m] [m] [mm?]  [mm Ayy, ly iy Wery Wiy I; iy
[mm] [mm]  [mm] (forn=1.2) [mm? |[x10°mm*]  [mm] [<10mm? [<10¥mm? | [<10°mm¥  [mn
IPESO dxf 80 46 38 5.2 5 6.00 0.328 764 358 478 0.8014 324 20.03 2322 0.08489 10.!
IPE100 dxf 100 55 41 57 7 8.10 0.400 1032 508 627 1.710 40.7 34.20 39.41 0.1592 124
IPE120 dxf 120 64 44 6.3 7 104 0.475 1321 631 806 3.178 49.0 52.96 60.73 0.2767 140
IPE140 dxf 140 73 47 6.9 7 12.9 0.551 1643 764 1007 5.412 574 77.32 88.34 0.4492 16.¢
IPE160 dxf 160 82 5.0 74 9 15.8 0.623 2009 966 1214 8.693 65.8 108.7 1239 0.6831 18
IPE180 dxf 180 91 53 8.0 9 18.8 0.698 2395 1125 1456 I 1317 74.2 W 1463 g- 1664 1.009 20.!
L— v . -
IPE200 dxf 200 100 5.6 85 12 _D2a 0.768 2848 1400 1700 .‘EB 826 .‘EB .@ 1.424 22:
\__‘_—__——/ . 3
IPE220 dxf 220 110 59 9.2 12 26.2 0.848 3337 1588 2024 27.72 ¥100 911 252.0 2854 2.049 241
IPE240 dxf 240 120 6.2 9.8 15 307 0.922 3912 1914 2352 38.92 99.7 3243 366.6 2.836 26.¢
IPE270 dxf 270 135 6.6 10.2 15 361 1.041 4595 2214 2754 57.90 123 428.9 484.0 4199 30.0
inconn s onn | aen <4 ana e 400 1 1cn c201 acco 210 oacc 1 cc7a a0 a £ noo 29
»
2)  Emopu BHyTpimHIX 3ycwib (puc.3):
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Puc.3 Emropu BHYTpIlIHIX 3yCHIIb

3) Bu3HayeHHs Hanpy>KEHb Ta MEPEMillCHb:
MakcumaibHi HOpMaJIbH1 HAIPYKEHHS:

o, (x=1m)=

M

max

20 kHm

O-max

W 194.3cx8
M 10 kHm

MakcumalibH1 TOTUYHI HANPYKEHHS:

Tm

MakcuManbHU IPOrvH

o = Toax (X =1m) =

Qs,

W 194,3 cm®

=102,9 Mlla,

=51,5Mlla.

10 xH -110 end®

W

max

FI°

I,b 19434 cx*-0,56 cu

20-4°

=—, Wmax =
48El 48-2-1943,4

=10,1 Mlla.

=6,86 mm.



1.2. Mogaeas 1. Crep:xxHeBa moaesb 0aaku B IIK «KANSYS».

1) ITonepeaHi HAJIAIITYBAHHS.

Kpok 1. Ilepersaryemo moaynp Static Structural y mone Project Schematic.
[TepelimenoByemMo Mo1yib Ha «CTepKHEBA MOJIETb OATKI.

Kpok 2. I1pu Bumginenni moayiast Geometry 3’sBiserbes Tabnuis Properties of
Schematic: Geometry, aktuByemo ranouky Line Bodies, mo6 B rpadiunomy
PEMAKTOPI MOXKHA MOJICTIOBATH CTEP)KHEBI €JIEMEHTH KOHCTPYKITIH.

B 32842 1 3rum Ganen - Workbench - O X
Fle Edt Vew Toos Units Extensons Jobs Hep

= Project

limport... |+ Reconnect [£] Refresh Project 5 Update Project | B ACT Start Page

-
(B Coupled Field Harmoric

(@ Coupled Field Modsl

[ Coupled Field Static

[ Coupled Field Transient

) Eigenvalue Buckling

(&) Blectric

[ eplictDynamic

[ Fluid Flow(cRX)

[ Fluid Flow (Fluentwith Fluent Meshing)
& Fluid Flow (Fluent)

[ FluidFlow(Materials Processing)

Directory Name SY52 ‘
Update Condition Parameter (Beta) | None =
= Notes

4
5
[
7
[l = Usedticenses
9
10
1

= Basic Geometry Options

@ FudFon(Folyfion) Crepxnesa Honens Ganki Static Seructurzl . P
(&) HarmonicAcoustics 5 Surface Bodies
HarmonicResponse e odes
% :erujynamwczwfﬂﬁ:un V7. E— -
& timiromichmee AKTUBYEMO —
) LSDNAAoustics (Bets) 16 Attributes =]
[ LS-DYNARestart - 17 Named Selections ]
() Magnetostatc raHOqu L I n e 15 Material Properties B
) Modalacoustes R = Analysis Type o |
Random Vibration B Od I eS 21 Use Associativity
Response Spectum » Import Coordinate Systems [m]
& Rigid Dynamics
BB seeos 3 Import Work Ponts ]
24 Reader Mode Saves Updated File B

Static Structural k 25 Import Using Instances

= = R =

2) CTBOpeHHsI CTep:KHeBOi Moaedi B rpadidyHOMy cepeToBHIi
SpaceClaim.

Kpok 1. BinkpuBaemo SpaceClaim, o6upatoun Geometry — mk.m. — Edit
Geometry in SpaceClaim. Ooupaemo cuctemy koopauHat XZ. Select New
Sketch Plane — odbupaemo miomuny XZ — Plane View.

C:Static Structural - Design1 - SpaceClaim

ion  Display  Assembly Messue Facels Repair Prepare  Vorkbench  Detal  SheetMetal Tools  KeyShot

BT © [ ©220 1KY o 2t UCHE g .

o - 2 b B BORORE-S . T R Select D S

A .. » . ¢ 5
=2l B Line  Circle Rectangle -, "3 <) pf P 9 4 >N X - Sketch  Editing

Clipboard | Orient Creste Modity Constraints Edit End Sketch

Options - Selection  #

4 Sketch I\ nsys

[ ——— 2023R1
oot s 6w STUDENT
Properties ?

o0upaemo
TIOMUHY XZ

[Properties [Appearan.. [| /) Designt x b x




Kpok 2. V Brmamaui Sketch-Create mo oci X crBoproemo Bi inito Line
noxkuHor0 2000 mMm. ®ikcyemo posmip Dimension (po3mipu MoxHa
penaryBaru).

C:Static Structural - Design - SpaceClaim

Design  Display Assembly Messwre Facets Repair  Prepare  Workbench  Detal  ShestMetsl Tools  KeyShot

TE IXAN a % Il @ =2

T T 1] |‘-'| < kb @ E\T k (‘5(/@3; gﬁ Lf.‘\‘,' J

Paste 4 @ - ik Rectangle L DE 5o Dimersion) ) 4] I W »o Adoconstcin | S Pul Move Fi | 03D Enéd':?tliagch
Clipboard Orient Create Modify Constraints Edit End Sketch

Options - Dimensia
Click a reference to start creating dimension. Ctrl+Click two objects to create a virtual point or line
Dimension Orientatio

Ansys
2023R1
[ofst-L s.Govie STUDENT

Properties

v Amows

v Amow [] Defaut
L' Defauit

® Auto

" Defaul
~  Amow [] Defautt
L Default
W Default
v General
Expre: 2000mm
Label D2 2000mm 2000mm
Meast Linear
Value 2000mm
v Precision
Decir Defautt

Kpok 3. [Ipu3HauaeMo reoMeTpuyYHI XapaKTEPUCTUKU IOIMEPEUIHOrO Mepepizy
Oanku. Buninsemo minii, y Bkiaaani Prepare — Profile — Standard Library —
Eurocode (o6upaemo nsorap IPE200) — Import. Pozsepraemo nBotasp Orient,
mo6 monku Oynu mapanenbHi oci Y. 3akpuBaemo BikHO SpaceClaim. Ilicis
IMIIOPTYBaHHS, MONEPEUHUN MTepepi3 MPU3HAYAETHCS OaILIL.

Kpok 4. Jlns BimoOpaskeHHsI mpocTopoBoro 300pakeHHs B kinaai Display tpeba
HatucuyTH Thick Shells And Beams ta CrossSection.

Olm9-¢- - cs ctural - Design1 - SpaceClaim

File  Sketch Design Display Assembly Measure Facels  Repair [Ratag) kbench  Defail  Shesthstal  Tools  KeyShot

(&} Home " Spot Wield & Split By Flane (& Rounds $iBad Faces

‘;’.@F\an\ﬂ;w v% @ @ Lhvield

B¥ Create ~{Comnect =

<S5 Extend & Faces W& Sharp Edges T Extract T Spiit Open
@ - h | e Midurkos Ecloare g @imprin Interference () short Edges | % Clearan i Dnen iz
DJ Beams ACT

7[ Detail Sheet Metal Tools KeyShot

e\% Double-click again to select a closed loop. Drag to edit your sketch

j ad Faces T T¥ Create| ~{Connect | gz I\I‘ISYS
E¢
harp Edges 4 T Extract T Split Open 2023R1
Eurocode_|PE 200 Wizard
| learance - Onient Display ~ Eurocode Library Manager X BENT

Detect Frofiles ACT

——— Family:  |IPE ~ Selected Cross Sections
m. Pick an I Eur . IPE 200 It IPE 100 ~ IPE 200

New Profile Library IPE 120
L @ O0T 1 IPEA 140

L @ O n I
[EF More Profiles

2 T IPE A 180
& asc PEA
X |Z Eurccode IPEO 120

Eurocode
= E:r';?’( IPE AA 220 v

Y TOUTOUTTOTIIT Cancel

Shear Center Y 100mm

Kpoxk 5. /I1s1 BcTaHOBIIEHHSI KOHTAKTY MK IBOMA CTEP>KHAMU OaIK/ HATHCKAEMO
Connections B nepeBi Ta Ha manen inctpymenTie Contact/Bonded. B Details of
“Bonded” mpu3Hauaemo 3a Contact Bodies nepmry Oanky, 3a Target Bodies

Apyry OaiKy.



| E- Context C: Line model - Mechanical [Ansys Mechanical Enterprise]
Home  Connections Display ~ Selection  Automation  Add-ons  Learning and Suppart

SiNamed Selection  [F: Commands [@images™ 2 Beam~ End Release Interstage
Y| =z =
=]} > Coordinate System [Comment [ Section Plane. = @ Bearing~  1*1Body Interaction

Duplicate Solve | Analysis Cannection Weld Group Sprin
: = 'W G Grouy (Beta) " p, 9 [ spot weld

i Contact Tool B, #T configure §9s¢
™ §Bassembie B4R
{5 solution Information | Body-Ground Body-Body

. - , Remate Point Ll chart S annatation “g AM Bond Deita |0
Cutline Sohvers Insert Cannect W Bonded I Joint

QA @ed %% 0 -+QAAQQ st kM HERRRERE W

: Name | Search Outline [

tend~ 9 Select By~ B

Insert a Bonded contact region

T project* \' when there is no sliding or
=] H;id(u) W, separation between faces/edges.

&l B Geometry Imports

T Geometry

7 Matercks (D) Press F1 for help.

[ 85 Cross Sections.

> Coordinate Systems

2] s

@@ Mesh
~ /i Static Structural (C5)
I Analysis Settings
P Remote Displacement
~/Bg Remote Displacement 2
@a Remote Force
E-,/{&) Selution (C6)
w5 Solution Information
/%8 Directional Deformation

jin}

0,000 0500 1,000 {rn)
1
0,250 0,750
Messages

=8 Cootil C: Line modet - Mechanica Ansys Mechansca Entepese] - & x
BB one  cometon  Dusly  Seeten  Awomstion  Addom  Lewning and Suppot ‘L ~2e

I Commands @imsges- & Ftame W Pye— e 1 conturs B2t

P | B gL e, O e o

lucan  Bamctstion TR RETP I @sporwea Npassone domaion | My Ground Socy 8o

= o on

QO [Re® %% C-+QARRQ Séea Kbt TRRDWRBER VP 5 EClipbosrd= [Empty] Dhtend= 9 SelectBy B Convert=

DOt Dondud -2 b e v B 1 2%

Scopmg Metnod | Geometry Selection

Contact ese

Tapet 1 age

Contac Bodies x

Target Bodies

Line-ine Detedtion _ Extemal - Up 1o & Segm.. 000 s 0900(m) X

Beam Beam Model Al ) O LU I— )

protectes "o a2z [ L 050 (
= Definiton

Tipe Teonard Messages cax

Stowe Mods e i ! ShowErrors (©) ! Show Wamings (1) ¥ Showlnfo (1) ¥ Merge Messoges v Pop-up Messages o

Thim Contact I < | Assocation. [ Tmestamo

Tuesday, Aoi 5, 2024 52846 Y

Contact APDL Name o Tuesdar doni 9. 2024 52844 M

Target APDL Name

Suppresses o

3) Po30nBKa CKiHUeHHHUMH eJIeMEeHTAMU, MPU3HAYEHHS TPAHUYHUX YMOB.

Kpok 1. BinkpuBaemo monyinr Model. 3a 3amoBuyBaHHSIM NpH3HAYAETHCS
matepian Structural steel. B aepesi npoekTy mepexoauMo 10 CTBOPEHHS CITKU
ckinuennux eixemenrtiB Mesh, B Details of “Mesh” — Element Size=0,1 m Ta
reepyemo citky Generate Mesh.



. H = Context E: CrepxHesa mogenb 6ankm - Mechanical [Ansys Mechanical Enterprise] - [m] *
Home Mesh Display Selection Automation Add-ons Quick Launch ~ @ 0'

Z(@\% % - © i

Update foenerate J Surface Source/Target | Controls Mesh  Metrics

Mesh - Edit~ Display~
Mesh Preview
Outline ML) Q[ ®e & 2% -4+ QQQAQ St kModer [IRERBREREB R E - I
Name | Search Outline | v _

T Geometry ~

15 Materials
,/S Cross Sections

1
Sl Static Structural (RS) v

Details of "Mesh"

=) Display

Display Style |Use Geometry Setting

[=]| Defaults

Physics Preference | Mechanical

Element Order Program Controlled
Element Size l 01m

Sizing

Quality

Inflation X
Batch Connections 0,000 1,000 {m)
Advanced 0,500 ! L

—

[ # O EE

Kpok 2. B nepeBi obupaemo Static Structural (*) Ta npusnavyaemo mapHipHi
onmopu. Brimagka Static Structural — m.x.m. — Insert — Remote Displacement,
obupaeMo JIiBy KpaiiHIO TO4YKy Ta Hartuckaemo Apply. Bcranosmoemo
OOMEXKEHHSI Ha BEpTHUKaJIbHI Ta TOPU3OHTAJIbHI MEPEMIIIECHHS, 10 BIAMOBIIAE
mapHipy. s BUIIeHHS TOUKH BUKOPUCTOBYEThCS (hyHKIIis Vertex.

B D= Context B: CrepoxHesa moaens Ganki - Mechanical [Ansys Mechanical Enterprise] - 0 x
Home Environment Display Selection @ Acceleration Quick Launch ~ @D G

I x g Eﬂ S Named Selection  [F Commi @ Standard Earth Gravity @ 4 B

X Coordinate System ) Commy & Rotational Velocity

Dupr(ate Q 5u_|v= Ana'lysls T R | Chart ®  Rotational Acceleration ural I"EESSFETSFIEIUE?‘J Edit Tu'uls Vliws
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- - 3 %
Ouline =kl 0 @ (B o AQ@@Q select ®Mode- TR ERRBERET™E =
: Name ¥ | Search Qutline | ™ @, Remote Force
» ¢y Bearing Load
E-#id Wi Bolt Pretension
Insert ®,
;  Moment
i Solve
B Misi @ Line Pressure
.@_ iz Y Export Nastran File @} Thermal Condition
Details of "Static Struct .
——————~ " |00 Duplicate n Pipe Temperature
=| Definition
Physics Type 4 Clear Generated Data 7 Joint Load
Analysis Type X Delete @ Fixed Support
Salver Target ;
——— I R F2 -
Environment Temg £ Group All Similar Children ELE L MHPEE B
P —— * Frictid Remote Displacement
w 6 Open Solver Files Directory q P

2 comp Insert a Remote Displacement object to
W Filter Based on Environment (Beta} « apply both displacements and rotations
Cylin o

kS
$  Export CAERep Files (Beta) -: o at an arbitrary remote location in space. 1,000 ()
3 imp — .

Abandon RSM Jobs (Beta) % Fixed ® Press F1 for help.
- o
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——
Context B: CrepxHesa mogens Gankw - Mechanical [Ansys Mechanical Enterprise] - (] b4

Home Environment Display Selection Automation Add-ons Quick Launch ~ @ 0'

ID % % B amed Selection  E: Commands ([@)images ™ .@_ @ E @1 3 E

*i Coordinate System [JComment E.Section Plane

Dupll(ate Q So'Ive Ana‘\ysls #, Remate Point Lluchart EAnnotatmn \ne‘mal Struftural IrrEgssrltﬁé‘lFl;&?d Edit To‘ols VISWS
Qutline Solvers Insert Imported

TV T Hee e eanmes asEsan ~310x :@aQ E" @ ooy Select ™ Mode~ |§|

Mame w | Search Outline |

i /BB Mesh ~
[El-2[i] Static Structural (B5)
] Analysis Settings

Rotation: 0, Frg

Scoping Method ] = siiabaiy 11
Apply Cancel

Coordinate System obal Coordinate System
X Coordinate 0, m
Y Coordinate 0, m
Z Coordinate Om

Location Click to Change
(=] Definition H
D (Beta) |49 0,000 1,000 {rm)
Type %emute Displacement 0,500 ! L
X Compaonent , m (ramped) \
Y Component J 0, m [ramped) Messages = 88

Z Component J 0, m [ramped)
Rotation X 0, % (ramped)

¥ Show Errors (0) +| Show Warnings (0) v Show Info (0) v Merge Messages v Pop-up Messages

Rotation ¥ Free o s 01X
Rotation Z @, ® {ramped) y,
Suppressed No 1
Advanced

Graphics Annotations  Tabular Data = Graph

ected: Location Jm & Metric (m, kg, I

Kpok 3. Briangka Static Structural — m.x.m. — Insert-Remote Displacement,
o0upaeMo TpaBy KpaWHIO TOUYKy Ta Hatuckaemo Apply. BcranoBmoeMo
OOMEXKEHHSI Ha BEPTUKAJIbHI MEpEeMillleHHs, IO BIANOBIAA€ MIAPHIPHO-PYXOMIii
oropl.

H [Eﬂ hd Context B: CTepxHesa Modene banku - Mechanical [Ansys Mechanical Enterprise] - [m} X
Home Environment Display Selection Automation Add-ons Quick Launch ~ @ 0’

ﬂﬂ B Named Selection EE'L Commands [@limages~ .@ =] @ =
* = L ﬁﬁi E
(m % | au A

: Coordinate System LJComment E'Section Plane

Duplicat: sol Anal Inertial | Structural | | rted Load Edit Tool Wi
uD_'ca € Q o-ve na‘ys\s @, Remote Point LJ_._[ Chart EAnnotation “_ 2 ru‘ ur "EE:;uTt F”oe? ! o-o : |5ws
Outline Solvers Insert Imported
Outline MRl ca[@ve® %% -+ Q0 Q@ Q s % Mode-
Mame = | Search Outline | ™ L

-4 Static Structural (B5) ~
,/Hﬂ Analysis Settings

S 0

Details of "Mpaea onopa” i QO X i Free, 0,°
= Scope Location: 4, 0, 2,4493e-016 m .
Scoping Method | Geometry Selection .‘
Geometry 1 Vertex .
Coordinate System | Global Coordinate System
X Coordinate 4. m
Y Coordinate 0, m
Z Coordinate 2,4492e-016 m
Location Click to Change
[=I| Definition x
1D (Beta) 52 0,000 1,000 ()
Type Remote Displacement 0,500 : .
X Component Free
Y Component J|0, m (ramped) [ T 3RS AR A SR A B AR RSB SR AR ISR BB AR RIS R BRAHIESS ~Ql0Ox
Z Component §|0,m (ramped) v Show Errors (0) '« Show Warnings (0) v ShowInfo (0) v/ Merge Messages v Pop-up Messages _
Rotation X 0,* (ramped) .
Rotation ¥ Free GRADI 50050 R R SRR 15 (O]
Rotation Z 0 ° jramped) )
Suppressed No 1

Kpok 4. 3agaemo cury 20 kH 3a mormomororo Bitagaku Environment-Structural-
Force a6o Static Structural — mx.m. — Insert — Force. Obupaemo TOYKYy
npukiaaanHs cwm ta Hatuckaemo Apply. B Details of “Force ooupaemo Define
By — Components — 3amaemo npoekiiro cwiu Ha Bick Z F=20000 H.
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. H = Context B: CTepxHesa mogens 6ankm - Mechanical [Ansys Mechanical Enterprise] - [m] »

Home Environment Display Selection Automation Add-ons Quick Launch - @ 0'
EE &nzmed selecion  [E: Commands 8 mages~ @ 2 . =
O~ %  && .| B & B

& Coordinate System GJComment E.Sectiun Plane

Dupﬂ:ate Q Sovlve Anavlysls #, Remote Point ||Ll Chart gAnnotatlon \ne'rtlal Stru:‘tural ‘r’?g?ﬁt‘jgﬁ?d Edit To'u\s V\iws
QOutline Solvery Insert Imported
A @eE %% C-+rQAQQ QA st XMode- TRRPRBERE TP E =
= Mame = | Search Qutline | ™
B[] Static Structural (B5) " An Sys
i 2023R1
STUDENT

B TTES orope
P Mpasa onopa

= Salution (BEY
Details of "Force" SRR
[=l| Scope
Scoping Method ‘Geometry Selection
Geometry ‘1Vertex
[=I| Definition
ID (Beta) 37
Type Force
Define By Compaonents l
Coordinate System | Global Coordinate System
¥ Component |0, M (ramped) H
¥ Component 0. M (ramped] 0,000 1,000 )
Z Component § 20000 N (ramped) I 0,500 : .
Suppressed Mo

4) BuBeeHHsI eNIOP BHYTPIlIHIX 3yCHJIb, HATIPYKEHDb TA NepeMillleHb
B 0aJilli BUKOHY€EThCS B iepeBi mpoekTy Solution.

Kpok 1. O6upaemo Beam Results ta nomaemo neooxini pynkiii. (Total Shear
Force, Total Bending Moment, Directional Deformation). Ilpu BuGopi
Directional Deformation odbupaemo Orienration — Z Axis.

. |E| & Context B: CrepxHesa mogenb Bankn - Mechanical [Ansys Mechanical Enterprise] - ] »
Hame Solution Display Selection Automation Add-ons Quick Launch ~ @ 0'
O x wemus - £ o0+ o = B @ £ ¥ B
v Distributed i
Duplicate Q Solve Resource | Insert | Results User Defined  Probe | Toolbox Beam Tools | Views
- Cores 4 -  Prediction - - - Criteria ™ - - Results ™ - -
Qutline Solve [F] Diagram

o MName | Search Outline | ™ _

QA [Bwa %% C-+*QARAAQ st kModer TRRRNBRERER P2 = I

i [ Analysis Settings S
i@ Force

-+, Niga onopa

3, Mpasa onopa

_— K Insert Deformation
Details of "Solution (B6)" £  gowe Contact Tool »
| Solution & CearG ted Dat:
Number Of Cores to Use Far benerated bata Eollcc) 2
[l Adaptive Mesh Refinem - Rename F2 Probe »
w G Group All Similar Children Coordinate Systems »
Refinement Depth .
5-7 5 Open Solver Files Directory Beam Results » ff Axial Force \
Status Saolve Required Beam Tool » | = Bending Moment
MAPDL Elapsed Time
= Torsional Moment
MAPDL Memary Used ®, Volume s
MAPDL Result File Size %3 User Defined Result i5 SirEnlbes 1,000 {m)
- —
[=l| Post Processing B Python Result G Shear-Moment Diagram ) L]
Distributed Post Pracessing (Beta) Program Controlled
Mesh Source (Beta) Program Controlled | pess User Defined Criteria  »
Beam Section Results No BN R Commands
On Demand Stress/Strain No .
i Grap B Python Code

Graphics Annotations Tabular Data  Graph

5) JocaiakeHHs1 pe3yJbTaTiB PO3PaxXyHKY.

12



0,000 0500 1,000(m) [ ]
0250 0750

Emropa monepeunux cun (Total Shear Force) (H)

0,000 0500 1,000(m) [
I .
0,250 0750

Emnropa 3runansaux momenris (Total Bending Moment) (Hwm)

0000 0500 1,000(m) (]
[ EEEmaa |
0250 0750

[TporuH oci 6anku, M
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1.3. Mopeas 2. IIpocTopoBa moaennb 6anku B IIK «ANSY S».

1) ITonepeaHi HAJIAIITYBAHHS.

Kpok 1. Ilepersaryemo moaynp Static Structural y mone Project Schematic.
[TepeitmenoByemo Moaynb Ha «IIpocTopoBa Moae/ib 0aJIKK.

A 2a5aua 1 3rum Banku - Workbench - [m] X

File View Tools Units Extensions Jobs  Help
L
=S N Project

@] Import. | Reconnect [$] Refresh Project % Update Project | BB ACT Start Page

SOCAER) Properties of Project Schematic - B x

[ B analysis systems |2 A B ‘

[ Coupled Field Harmonic Property Value

[B) CoupledField Modal hd hal 2 = Motes

& comlearen e : | : e S
(=] Euuu\e::ﬁe;d:ansm 2 & EngineerngData " 2 & engneeringbata " L = solution Process

8 EigenvalueBuckling 3 Geometry 3 Geometry v 4

Electric @ @
B Bt Dynamic 4 Made! 4@ model v .

& Fluid Flow (cFRX) 5 | @ setp 5 @ setup v .

A

o s (o n|e

Update Option | Foreground =

(S Fluid Flow (Fluent with Fluent Meshing) 6 | @ soluton 6 | soluton v 4

B Fluid Flow: (Fluent) 7 | @ Resuts 7 @ Results v .
[ Fluid Flow (Materials Processing)
& Fluid Flow (Polyflow) Mpocroposa Mogens Bankk Crepxriena mogens Ganky
E) Harmonic Acoustics
Harmonic Response

Hydrodynamic Diffraction
[ Hydrodynamic Response
i LSDYNA

& L5-DYNAAcoustics (Bets)
[ LS-DYNARestart

(@) Magnetostate

Modal

&) Modal acoustis

ffli RandomVibration
Response Spectum

[z Rigid Dynamics

BH soeos
b5 static structural

4 eady-state (nermal

& Ready ¥ 30b Menitor... | EDNo DPS Connection | == Show Progress | % Show 0 Messages

2) CTBopeHHs Mojei B rpadiunomy cepenoBuiii SpaceClaim.

Kpok 1. Biakpusaemo SpaceClaim, obuparoun Geometry — mk.m. — Edit
Geometry in SpaceClaim. O6upaemo momuny YZ. Select New Sketch Plane
— obupaemo miomnuHy XZ — Plane View.

Kpok 2. CrBoproemo kouTyp mnepepidy aBotaBpa I[PE200. OGupaemo
Construction Line, HaTHCKaeMO Ha Hii I.K.M. Ta BuOupaemo Set as Mirror
Line.

[~ ‘ w )-¢- = D:Static Structural - Design1 - SpaceClaim

Design  Display  Assembly  Measure  Facels Repair  Prepare  \orkbench  Detail Sheet Metal ~ Tools KeyShot  Ansys Motion

A &  (iHome - S o e TXN Qx| @4 k 7 3 [
0l NGO O oA A I T e [ &g
Sa | G Plan View ] 8 Ny ® ™y o ) FF w = k| @ =
Paste S -8 line Circle Rectengle [F 3 0 B 3 x Dimension ) 4] I N s Autoconstrain Select Pyl Move  Fil Ensak:\‘iﬁtl E"gﬁi‘?;h
Clipboard QOrient Create Meadify Constraints Edit End Sketch
Structure

Snapping to Curve (2), Grid
4 M Designt RERS &
> B @ Sketching Planel I

-

¥ | Set as Mirror Line
v | Construction On/Off
Create a mirror in Sketch mode.

|'Str|.c1|.re| Layers Selection Groups Views

Options - Sketch

< (I Move Each to New Component
Define line from center P — é\} Move Grid
[ Sketch B#  Select New Sketch Plane
Use Last Sketch Plane
Autornatically create constraints
Snap to grid View 3

14



Kpok 3. Bubupaemo incrpymenT Line i 300paxkyemMo mpaBy 4acTUHY KOHTYPY
nBoraBpa. JliBa BigoOpaxkaeThcs cuMerpuyHo. Y Bikiaami Detail BuOmpaemo
Dimension ta npoctasinsiemo po3mipu ckerua. Hatuckaemo End Sketch Edition.

- 100mm -

1
f l
_.8,5mm
y S
200mm v i
R12mm —
\\
B
' [ ]
i
: olmis|m

Kpok 4. 3a nonomororo ¢ynkiii Pull Butsryemo nepepis B 10JaTHOMY HAIIPSIMKY
oci X Ha 4 M Ta CTBOPIOEMO 00’ €MHY MOJIENIb OaJIKH.

AiMlpocToposa Mogens Banku - SYS - SpaceClaim

Design  Display  Assembly Measuwe Facets Repair  Prepare  Workbench  Detail  SheetMetal  Tools  KeyShot

=X | fiome - | o — OTTE T XD a % || @ I [B w | [
LB 2 ™~ CD) I:! A [ =L @ 0O k @ N [Q"f

Z3  Plan View %y y -
Pete . 0§ - & | Lline Circe Recwngle . =5 -3 o 4 >N 5 Selectl pul |Juove P EnEbiedD
Clipboard | Orient Create Constraints Edit End Skeich
el Pull 2 faces
pp— e Ansys
o Add == Cut @ Nomerge L k 2023R1
| Options - Pui| Sructure Layers Selection Groups Views | STUDENT
Properties vl E |
A&
~ Appearance = .
Color I ARGB: 255, 143, 175, 143 | ‘Jﬂ BI/IT}[]"yeMO Hepep13 10
Style By Layer, By Sty vl
v Face Type |”[‘ﬂ:| . .
E I 9
o s s oci X (pynukiis Pull)
‘Frupemes‘,&ppearanoe Nsysx 4bx

Pull 2 faces.

Kpok 4. B reomerpii Oanku CTBOPIOIOTBHCS BIJAINOBIJHI IUIOMIQJAKA Ha SKi
NPUKIAIA€ThCd HAaBAaHTAKEHHS Ta MIApHipHi omopu. s 30cepemKeHol cuiu
MOKHA CTBOPHUTH MpsMY JIHIIO MO HIIMPUHI BEPXHHOI MOJHIN JBOTaBpa, abo
3a/1aTl CWITY Y BUTJISIII PO3MOJAUIEHOTO HABAaHTAXEHHS Ha MPSMOKYTHY 00JIacTh
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100x100 mMM. [Is1 iboro BUKOpucToBYeThCs GyHKIist Pull, HaTuckaemo Ha rpaHb

nBotaspa, ooupaemo Options Pull-Copy Edge ta npotsryemo rpans Ha BicTaHb
1950 mM B3710Bk OCi X Ta MOBTOPrOEMO Jii 3 BiacTaHHI0 2050 MMm.

Design  Display

Assembly

Measure  Facels  Repair  Prepare

E:gHem'u\uemﬁﬂﬁnﬂ"ﬁkQ Qi
I

KeyShot

h ools
Il @ =& |- 2|
0 Yoy e N ) sl @ 2 W Se ﬁ{_ Gﬁ E.Egau
¥ @ -2 e Gl Recengle o, 3 D B 3 X 91N % teol Pull Juove R Egebled
Clipboard Orient Create Modify c " = ™~
Options - Pull Copy 1 sdge
P Lil IPOTATYEMO T'paHb Ha | /Ansys
o Add = Cut (@ Nomerge 2023R1
:; g a = — 1950mM Ta 2050 mMm STUDENT
& <]

| Omtcns - ull| Sructure Layers Selection Groups Views | | 1. |

Appearance

v Background Color —
Color 1 Whie ‘\bﬂ
Envionment  Defaut —

-
y =8 @

N

Properties | Appearance

N sys x

Length=100mm @

[Tocepenuui BepxHBOI MOJUI yTBOpHOEThCA Twomanka 100x100 MM s
MpuKJIaanHs 3ocepemxenol cuim 20 kH.

Kpok 5. Ananoriuno 3a gormomororo ¢yskiist Pull crBoproemo mpsimi Bipizku
MOCEPEINHI mepepizy OaNKu JUIsl TTOAATBIIIOT0 MOJICTIOBAHHS IIAPHIPHUX OTOP 3
000x cTopin Oanku. 3akpuBaeMo cepenonuiie SpaceClaim.
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3) 3amaeMo yMoOBHM 3aKpinJieHHsI i HABAHTaKeHHSsI, 1[0 TiI0TH HA DAJIKY.

Kpok 1. BinkpuBaemo moxyns Model B aepeBi mpoekty oOupaeMo (yHKIIiO
Mesh, Details of Mesh-Element Size =0,05 m (BcTaHOBIIOEMO PO3MIpP CITKH
CKIHYCHHHX €JIeMETIiB) Ta reHepyemo ciTky Generate.

= B S| i Cd contact sizing &3 Inflation ‘g Geometry Fidelity (Beta) ) Deviat
F(@)% % » 0 @ %@l
. ’z = @ i - A Refinement "Weld @Quad

Mesh Feature Update Generate J Surface Source/Target | Method Sizing Face Mesh  Match "
Workflows™ | Detection Mesh Meshing Copy Control “BPinch @ Feature Suppress [ Connect

MeshWarkflow| Detect Mesh Preview Controlks
viOx @ a|(ew h O +Q@@@Q st KMode- TEERRERE T B -

utline | ™

o. o
& m

S () Model (Ad)

- ---,, Geometry Imports

7., Geometry

[T Construction Geometry

1 Materials

17

o H] Analysis Settings

-y Remote Displacement

- ;M Remote Displacement 2

(ﬁ‘ Force

- Solution (A6)
=

Details of "Mesh"
=1/ Display
Display Style ‘Use Geometry Setting
[=]) Defaults
Physics Preference | Mechanical
Element Order _Crogramlpntrolled

Element Size I 5,e-002m I

Sizing

Quality

0,000

0,175

Batch Connections
Advanced
Statisti

FFHEEE

Kpok 2. B nepesi ooupaemo Static Structural Ta npuznagaemo mapHipHi ONopH.
Briragka Static Structural — m.x.m. — Insert — Remote Displacement o6upaemo
BIJITIOBITHUI BiJpi30K Ta HaTuckaemo Apply.

H [Eﬂ = Context A MpocToposa Mogens Ganku - Mechanical [Ansys Mechanical Enterprise] = m] x
Home Environment Display Selection Automation Add-ons Quick Launch ~ & e

I_ x Bl Susmedselection  F:Commands ([@images~ @ @, E @‘ = B

T
w * Coordinate System L-]Comment E.Section Plane

Duplicat: Sal Analysi Inertial | Structural | rted Load Edit Taool Vi
It Q olve | AnaSE @ pemote Point |l Chart B Annotation | o | R Rl ! ools | Views
Cutline Solvers Insert Imported
C e b u ¥
Outline ikl  Q Q @. @& B oS- Q Q@ @ Q@ Seect % Moder -
© Name | Search OQutline | ™ _

i [ Analysis Settings A
: P

= T
-
i Solutinn Tnformatinn ¥

Details of "Jlisa onopa" s w L O X
[=| Scope )
Scoping Method Geometry Selection

Ceomer 1 20ge UIUTSIEMO B1IPI30K
Coordinate System | Global Coordinate Systel
yHKIiero Edge

Location: U, U, U'm

X Coordinate om

=

Y Coordinate 0 m

Z Coordinate 0 m
Location Click to Change
[=I| Definition

W
ID (Beta) 53 0 c
Type 050

¥ Component {0, m (ramped)
¥ Component | 0, m (ramped) AR L v TPl ] P
ZComponent § 0.m (ramped) i v ShowEmars (0) ¥ ShowWamings (1) ¥ Showlnfo (0) v MergeMessages v| Pop-up Messages
Rotation X 0, (ramped)
Rotation Z 0, (ramped) y,
Suppressed 9 1
Behavior Deformable

w Graphics Annotations Tabular Data | Graph

Advanced
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BcranoBmoemo  oOMeXeHHST Ha  BEPTHKalbHI Ta TOPU30HTAJbHI
MepeMileHds, 1Mo BiAmoBimae tmapHipy. Jlus  BHOUIEHHS  BiIPI3KY
BUKOpHCTOBYeThCs (yHkiis Edge. Jlnms mpaBoi omopu mepeMmillleHHS He
oOMeXxeH1 B310BX oci X.

H E A.d Context A MpocTopoga Mogene banku - Mechanical [Ansys Mechanical Enterprise] - [m] x
File Home Environment Display Selection Automation Add-ons Quick Launch ~ @D

D x EIE ®rzmed seiection S Commands (@images ™ _@_ 1 E @a Ed =

T
w i Coordinate System L Comment E.Sertmn Plane

Duplicat: Sol Anal Inertial | Structural | rted Load Edit Tool Vi
Up"ca £ Q o've HE'YSIS @, Remote Point |.J_|_lChart @Annotation ne' ' ru' ura "EE:;UTT; F“oe? ! O_D : ‘iws
Qutline Solvery Insert Imported
T s [NEH | § @), @) @.‘ @ (%% o4 Q Q@@ @ Select & Mode = ¥
Name | Search Outline | ™ _ - >

- o JH1] Analysis Settings ~

--4,68, Mpasa onopa

IEa onopa

) Solution (AG)
o) Snhatinn Tnfrmation
Details of * Npasa onopa® = w O] X

]

=l Scope rs Location: 4, 0, 0, m
Scoping Method Geometry Selection
Geometry 1 Edge

Coordinate System | Glabal Coordinate System
X Coordinate 4m
Y Coordinate 0 m
Z Coordinate 0, m
Location Click to Change
[= Definition
ID (Beta) 50

- As
i .
Type Remote Displacement 0,050
¥ Component Free

Y Component §/ 0, m (ramped]
Z Component §/0, m {ramped)
Rotation X 0, (ramped)

% % ShowEmors (0] v ShowWamings (1) ¥ ShowlInfo (0) v Merge Messages Pop-up Messages _

Rotation ¥ Free B 00 : — S — e RV
Rotation Z 0, * (ramped] J
Suppressed 0 1
Behavior Deformable
Advanced v Graphics Annotations  Tabular Data | Graph

\'51 Message Mo Selection & Metric (m, kg, M, 5,V, A) Degrees rad/s

Kpoxk 3. 3amgaemo criny 20 kH 3a goromororo Binaaku Static Structural — m.k.m.
— Insert — Pressure. O6upaemMo 0065acTh MPUKJIAJAHHSI CHJIM Ta HATHCKAEMO
Apply. B Details of «Pressure» ooupaemo Define By Components ta 3amaemo
mpoekIiito Tucky Ha Bick Z BenmmunHoro 2000000 Ila, mo BU3HAYA€ETHCS K

p=F/A=20000/(0,1-0,1)=2000000/7a.

Scope

Scoping Method | Geometry Selection
Geometry 1 Face

Definition

ID [Beta) 34

Type Pressure

Define By Components
Applied By Surface Effect
Loaded Area Deformed

Coordinate System | Global Coardinate System

¥ Component |0, Pa (ramped]
¥ Component |0, Pa (ramped])

2,6=006 Pa (ramped) v
Suppressed Mo

4) onomixkHa reometpisi Construction Geometry.

Construction Geometry BUKOPUCTOBYETHCS IS BUBCICHHS PE3yJIbTaTIB
pO3paxyHKy B TIEBHOMY TMepepi3i, Biapi3ky abo Toumi. Y maHiii poOoTi
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HaIpy>KeHHs He0OX1THO JOCIIIUTH B Tiepepi3i x=1 M, a MPOrMHU HA LIEHTPAJIbHI I

oC

1 OaJIKW.

Kpok 1. CtBoproeMo HOBY CUCTEMY KOOPAMHAT, HA3UBAEMO 11 «X=1 M», MOYaTOK
AKOi po3TamioBaHuWii Ha Biactani 1 M Big diBoi omopu. B nepeBi mpoekty
Coordinate Systems — n. k. M. — Coordinate Systems nepeiimeHoByeMO B «x=1
m». Y Details of «x=1 m» Buctasnsiemo Origin (1, 0, 0) Ta 3MiHIOEMO HaIPsIM OCi

Ha Z.

o

Duplicate Q)

Qutline MRl Q@& %%

i Name « | Search Outline | » _

Details of "x=1 m" oot

Q- %

Solve

Outline Solvers

AT Materials
B34 Coordinate
~2H Global

Context

Coordinate Systems

=l 8]
]

Analysis

Systems
| Coordinate System

@, Remote Point

Display

@I‘-lamed Selection

Ll chart

A:Npocroposa mogene Gankw - Mechanical [Ansys Mechanical Enterprise]

Selection

EE' Commands @Images'
4 Coordinate System [JComment [ Section Plane
B Annotation

Insert

v

~3Ox

~

[=I| Definition
Type Cartesian
Coordinate System Program Controlled
APDL Mame
Suppressed Mo

=1 Origin
Define By inates
Origin X 1, m ||
Origin ¥ 0, m
Qrigin Z 0m
Location Click to Change

[=1| Principal Axis
Axis |\z
Define By obal 15

[=]| Orig tion About Principal Axis

Kpok 2. Ilepepi3 — 1e IJIOIIMHA, TOMY CTBOPIOEMO JOMOMIKHY

VI SR e

Automation

Add-ons Quick Launch

¥ OffsetX ¥ RotateX T FlipX | CHMove Up
Y Offsety ¥ Rotatey Y Flip¥ | CHMove Down
? Offset7 ' RotateZ ‘Z'FlipZ | X Delete

Transfom

Q@ @ @ Q@ Select "k Mode~

0,400 (1)

i v ShowErrors (0) v Show Wamings (1) v Showlnfo (0) v Merge Messages v Pop-up Messages _

Pt A i

Coordinate Systems

EREERBTRE -

~2 o

}é: Coordinate System at Center of Mass

2 Principal Axis Using Center of Mass

IJIOIIUHY

Surface, sixka mpuB’A3y€THCS 10 CHCTEMH KOOpAHMHAT «x=1 M» (tutommHa XVY).
Model — n.k.m. — Insert — Construction Geometry-Surface.

B E-

Duplicate Q

O x

Solve

Cutline

Context

Madel Display

Selection

ﬂﬂ gNamed Selection

Solvers

|1l Chart

A:NpocropoBa Mogens Banku - Mechanical [Ansys Mechanical Enterprise]

Automation

E Commands @Images'

T

w K Coordinate System LJComment E.Section Plane
Analysi

na'ysls #,Remate Paint

Insert

Add-ons

EZ Annotation

Quick Launch

all & | ® | B
Prepare Define Mesh  Results

~B o

aa@vd® %% 0-+QAAAQ e kM- HRRRRBEME Y PE ~ ¥

= Mame

@ project*
= E—m

Details of " h

=]

Window 5
Filter Co £

» Insert

Ey § sove
Fly

w | Search Outline |» _

... @ Clear Generated Data

Rename

Lighting
Ambient
Diffuse &
Specular

Colar
W

Advance

Reassoci

Refresh

Update

Disable

Abando

F2

iate Missing References
Materials
Geometry from Source

Filter

Export CAERep Files (Beta)

n RSM Jobs (Beta)

Show Graph Connectivity (Beta)

ITpuB’s3yemo Surface q1o HOBOI CUCTEMH KOOPIUHAT «X=1 M.

A

Q Mamed Selection

all  Part Transform

IE Construction Geometry "5, Path

F  Cross Sections [] surface ]

g0 Virtual Topology @ 5d Surface

@ Connections l;_o"z 51l D Insert a Surface object to
represent a section plane

{5 Symmetry o to which you scope results.

#, Remote Point 9 P

B Fracture (@) Press F1 for help.

@ Condensed Geometry r

@ Mesh Edit 0,000 0,200 ()
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Details of "Surface" oo e e e J."I_ 0O x
| Definition
Coordinate System ECERA] -

Suppressed Global Coordinate System

X=2 M

Kpoxk 3. Jlns BU3HAY€HHS MPOTHHIB IEHTPATBHOI OC1 OaNKU BUKOPUCTOBYETHCS
00’ext Path — miHis, 1m0 3a1aeThed 1BOMA TOYKAMMU.

. E & Context A Mpocroposa mogene Banku - Mechanical [Ansys Mechanical Enterprise] - [m] x
Home Construction Geometry Display Selection Automation Add-ons Quick Launch ~ @ 0'

% Named Selection EE' Commands (& Images™ Q Q
x g Bl = 9 » BA
ID (=T [ @ rI)Z:) STL

24 Coordinate System JComment E.Sectlon Plane

Dupgcate Q Sovlve Anavlysls a;Remate Point th Chart EAnnntatlon Path Surface Scolid Line I_PB':éItFIa‘] STL
QOutline Solvery Insert Create Import
Outline MRl QA [®wi® % O -+ QA @@ Q Select % Mode~ hd

© Name ~ | Search Outline | ™
- -,, Geometry Imports ~
B Geometry
- A Teansinuction Geometry
v —
e T Materials M
DrakpRiE . NS
[=]| Definition
Path Type Twao Points
Path Coordinate System Global Coardinate System
Number of Sampling Points |47,
Suppressed No
[=l| Start
Coordinate System
Start X Coordinate 0, m I’
Start Y Coordinate om v
Start Z Coordinate 0, m 0,400 () | .
Location Click to Change 0,200 :
[=| End
Coordinate System Global Coordinate System Messages i R I ]
End X Coordinate 4.m v ShowErrars (0) v ShowWarnings (1) v Showlnfo (0) v Merge Messages  Pop-up Messages
End ¥ Coordinate 0, m
End Z Coordinate 0, m ETETE IV LT TR TTTITS om0 55000 510510505555 0 0 5105105055855 S S S S 50 i s s L (O] B
Location Click to Change Tvpe Value Mote Unit Location X Location ¥ Location Z MNode D _ ~

Haruckaemo va Model — m.x.m. — Insert — Construction Geometry — Path. ¥
Detail of “Path” 3amaroTbcsi KOOpAMHATH TOYOK MpsMoi. B HamoMy BUMAaKy
BBOIUMO koopauHatu (0,0,0) Ta (4, 0, 0).

5) BuBeieHHs1 enOp HOPMAJILHUI HANPY:KeHb.

Kpok 1. B nmepesi mpoekry Solution — mk.m. — Insert — Stress — Normal.
[TepeiimernoByemo Normal na «Cirma X».
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. [El id Context A:MNpocTopoBa MOAEAE Bankk - Mechanical [Ansys Mechanical Enterprise] - ] x

- Home Salution Display Selection Automation Add-ons Quick Launch ~ D O
- i) E - -
D ¥ My Computer g _I,I\I}Il ﬂm S Named Selection @Commands @Images L) m & ﬁ E B

T
¥ Distributed w 3¢ Coordinate System [ Comment E.Se:tmn Plane

Dupllcate Q Cores & Sovlve PRr::‘J?cutlrg:\ Anavlysls ‘,Remﬂte Point |,_|_|_[Cr|art ﬁAnnntatinn Resvults Uscerrit[;:fawrled Prsbe Toovlbox To'o\s V\iws
Outline Solve ) Insert
- 40 QA 8w %% C-+QQAAQA S KM [IRREEERE Y PE = 7
| Search Qutline | % = -
[ Analysis Settings A =
. Pressure
% Tpasa onopa
%, TNisa onopa
- Insert Deformation
Details of "Solution (AG) Solve Strain 3
[=I| Solution Clear Generated Data Stress b W@ Equivalent [von-Mises)
Number Of Cores to Use (Ber Energy » q Maximum Principal
= Adaptive Mesh Refinement L' Rename F2 Learized 5 ,
Max Refinement Loops B3 Group All Similar Children nesrized shress e Puceat
Refinement Depth . Stress Tool » @ Minimum Principal
——————————— & Open Solver Files Directory
B Fatigue y T Maximum Shear
Status Solve Required q Intensity
|| MAPDL Elapsed Time Contact Tool ’ & Noma
MAPDL Memary Used Bolt Tool » ermal
MAPDL Result File Size orat , B Shear prs— o
- robe i
B oo rocessha ~) iy Insert a Normal Stress object ¢
Distributed Post Processing [Beta) | Program Controlled Coordinate Systems 3 & ¢ ”Isi Bbleis t’af” & | 2
rror plot a component of normal
Mesh Source (Beta) Program Controlled | |jessage ql Volume stresses in a given direction.
Beam Section Results Mo v sl q Membrang N
On Demand Stress/Strain Mo o m DUt EIRE LIt q Bending 5| (@ Press F1 for
L] [ Python Result [ .

Kpok 2. BcranoBmioeMo BIANOBIAHY OpIEHTAII0 OCl HANpPYXEHb, B HAIIOMY
BHUIAJKYy Bich X (Bich ska BigmoBimae oci Oanku) Details of “ Cirma X ”
Orientation — X. B namamryBanusix Scoping Method oGupaemo ctBOpeHy
Surface.

——
. E = Context A Mpocroposa mogene Gankw - Mechanical [Ansys Mechanical Enterprise] - [m} b4
Home Solution Display Selection Automation Add-ons Quick Launch ~ @ o'

My Computer - g M ﬂﬂ @Namedielediun E‘CCommands @\mages' & ﬁ . =
o x il | B s & ¥ B

+ Distributed 24 Coordinate System [JComment E.Se:tlon Plane

Duplicat Sol Ri Analysi Result: Prob Toolb Tools | Vi
wpliate Q| coves[o ohe Rescure | AMabSS @ pemoteromt  lchat  BPAmnotaion |FUES| | Probe | Toolkor | Tools | Views
Outline Solve F} Insert

- 40 QA (Bw& %% C-+QAQAAQ St KModer TRRRNRBERR v T2 = ¢

Name ~ | Search OQutline | ™ | =

&8 Mporux

Details of "Cirma x (x=1 m)" =

[-l| Scope ~
Scoping Method Surface
Surface Surface
Geometry All Bodies
[=]| Definition
Type Mormal Stress
Orientation X Auds
By Time
|| Display Time Last
Coordinate System Global Coordinate System 0.400(m)
Calculate Time History | Yes '
Suppressed Mo

6) BuBeeHHs eniop J0TUYHHUX HANIPYKEHb.

Kpok 1. Solution — m.x.m. — Insert — Stress — Shear. IlepeiimenoByemo Shear na
«Tay XZ (x=1)».
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HE-

Context

Solution

Display

Selection

A:Npocroposa mogene Gankw - Mechanical [Ansys Mechanical Enterprise]

Automation

Add-ons

Quick Launch

~2 o

ID X My Computer

CF i

Duplicate Q
Outline

Outline - 3Ox

o Mame

+ Distributed

Cores 4

Solve

| Search Qutline | ™

-8 Cirma x
e Tay X2

v
@@ T1por v

Prediction
]

~

ﬂm gNamedSeledmn E;Commands @\mages'

T
n ¥ Coordinate System [ Comment E.Se:tion Plane
Solve Resource | Analysis

~ " P, Remote Point

Ll chart

Insert

O Q@ @ @& @ | Select "k Mode~

;;QQ@UE‘E B

[ Annotation

® =2 &

Results

E I =

Frobe

v
Details of "Tay xz (k=1 p)" oo o IO X
[=| Scope ~

Scoping Method Surface I

Surface surface J

Geometry All Bodies
[=1| Definition

Type p.

Orientation I XZ Component I

By ime

Display Time Last
Coordinate System Global Coordinate System 0400 (m)

Toolbox | Tools | Views

Kpok 2. BcraHoBnioeMo BIANOBIAHY OpIEHTALI0 OCl HANpyXEHb, B HAIIOMY
Bunanky Bicek XZ. Details of «Tay XZ (x=1)» - Orientation — XZ. B
HamamrTyBaHHsax Scorping Method obupaemo ctBopeny Surface.

7) BuBeieHHS NPOTUHIB EHTPAJBHOI OCi OayIKM.

Kpok 1. Solution Insert Deformation Directional.

ITepelimenoByemo Ha “IIporun”.

II.K.M.

Kpoxk 2. B Details of “IIporun” ooupaemo Orientation — Z Axis, 1110 BiZIIOBia€e
BepTHKabHOMY Tiporuny Oanku. B Details of “IIporun” 3a Scorping Method
obupaeMo cTBopeny Path.

CIER

ID x My Computer

v Distributed

A:MNpocroposa mogene Banku - Mechanical [Ansys Mechanical Enterprise] -

BRI

o x
~9 e

Context

Solution Selection Automation Add-ons Quick Launch

F | E

Display
- ﬁ o~ ﬂm @Named Selection E‘,Commands (E)images~
IIII w 1 Coordinate System [dcomment ['Sectmn Plane

Duplicate Solve Resource  Analysis Results Probe | Toolbox = Tools = Views
L Q| resa e dtien VS5 @, Remate Point Lt Chart [ Annotation _ . b > - °
Outline Solve F} Insert

em  O. O
-&; B O

Laa(ew

~ | Search Qutline |

-4 QAQ @ Q St kMde- TEERRREBERE VR E| 2 ¥

a

Mame -
/@@ Cirva x ~
{1 Tay xz

%8 Cirma x (x=1m)

G Tay xz (x=1m)

//q, 5
Details of "Tporuu® oo O X
[=l| Scope ~
Scoping Methad Path
Path Path
Geometry All Bodies
[=I| Definition
Type
Qrientation Z Axis
By Time
Display Time Last
Coordinate System Global Coordinate System 0,400 {rn)
Calculate Time History | Yes !
Suppressed No

3amyckaemo 3ajady Ha po3paxyHok Solve. /Iy BuBeieHHs pe3yibTaTiB B

HEeoOXIi/IHIH Toulll BUKOPUCTOBYEThCs BKIanka Result — Display — Probe.
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Result Display Selection Automation Add-ons

E ﬂm QNamed Selection E‘)Commands @Images' = = a E_.'\

+
ﬂ i Coordinate System LJComment E.SectionPIane

Quick Laun

Analysi Displ Vect = d Wi
n na'ysu @, Remote Point L_L._[Chart [ Annotation P Dis:lla‘;fr' |5053Upl'$3ie' Iev'ws
e Insert
a8 - v
THEX aqaBlee noamees - o B @
Search Qutline | » Scoped Bodies - [mest B asimum
h G try Cont Ed
B Cirva x S v Large Vertex Contours EOTEW on'ours 'ges [m pinimum
B Tay xz Display
.
8) O6podKa pe3yabTaTiB pO3paxyHKy.
82736
441526
4,0031e6
3581e6
32160 3,178%6
-3,8508¢7 2,766826
-4,5032e7 2,3547¢6
-5,1466e 7 Min 1,04266
1,5306¢6
1,1185¢6
7,0636e5
2,0427e5
-1,1783e5 Min
o, (ITa) B mepepisi x=1 m. JIoTMYH1 HaNpY)KEHHA T
X Xz
(ITa) B mepepisi x=1 m.
0. 2 |8.3333e002 6.7473e+006
1,037e+8 3 |0.16667 B8,5557e+006
4 |ozs 1,2912¢+007
875e+7 5 |0,33333  1,7229¢-007
6 |041667  2,1542e<007
T.5exT 7 |os 2,5853¢+007
- 625e+7 ] 8 (058333  3,0163e=007
g 9 066667  3.4472e+007
57 100,75 3,5781e+007
3,75e+7 110,83333  4,3091e-007
12091667  4,74e=007
2587 131, 5,1709e+007
14 1,0833 5,6018e+007
6,7473e+6 T T T T T T T 15 |1,1667 6,0327e+007
0, 05 1, 15 2 25 3 35 4 16 (1,25 6,46362+007
[ml 17 |1,3333 6,8945¢+007
18 |1,4167 7,3254¢+007
Graphics Annotations Messages  Graph 19 (1,5 7,7562e+007

o, (ITa) (x,0,0)
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| u, 1,494 7 e-0us
o, 2 |8.3333e-002 4,5334e-004
7,1466e-3 3 |016667  B8.93e-004
4 |025 1,3294¢-003
6,83 | 5 |033333 17613003
6 (041667  2,1872-003
583 7 |os 2,6056e-003
= e 3 (058333 3,015¢-003
E 9 |D0,66667 3,414e-003
363 100,75 3,801e-003
11083333 4,1745e.003
2837 12091667 | 4533e003
lei] 13 |1, 4,8751e.003
14 |1,0833 5,1992e-003
1,4047e5 T T T T T T T 15 |1,1667 5,5039¢-003
0, 05 1, 15 2, 25 3 35 4 61,25 578766003
ml 17 |1,3333 6,0489¢-003
18 |1,4167 6,2862e.003

[Iporun nenTpanpHOI oci OanKu, M

0,000 0500 1,000(m)
0,250 0750

i

N & |0,538333 1,0506e+007
1,1817e+7

9 |0,66667 1,0506e+007
B,e+6 | 10 |0,75 1,0506e+007
11 ]0,83333 1,0506e+007
4,846 | 12 |0,91667 1,0506e <007
' 13 |1, 1,0506e+007
E 0, - 14 |1,0833 1,0506e+007
- 15 | 1,1667 1,0506e+007
4e+6 16 (1,25 1,0506e+007
17 (11,3333 1,0506e+007
Be+6 | 18 | 14167 1,0506e+007
19 (1,5 1,0506e+007
118177 T T T T : : 20 |1,5833 1,0506e+007
0, 0.5 1, 1.5 2, 25 3, 35 4 21 | 1,6667 1,05062+007
Im] 22 11,75 1,0515e+007
23 [1,8333 1,0796e+007
Graphics Annotations Messages  Graph 24 11,9167 1,0253e+007

Jlotnuni HanipyxeHHs 7 (x,0,0) (ITa)
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4. Ouinka 301KHOCTI pe3yJIbTaTiB

M O max 1 Mlla Ox (X =1 M) ’ Fmax w__ MM

Hoxa3zuuku | Q xH
xkHwMm MIIa MIIa

AHATI THIHIA
PO3pPaxyHoOK

10 20 102,9 51,5 10,1 6,86

Mopgean 1.
CrepxHeBa 10 20 - - - 6,95
MOJIEb.

Monean 2.
[Tpoctopona - - 103,17 51,45 10,16 7,1
MOJ€EJIb.
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3aBnanns Ne2. Busnauyennsi kputuunoi cuiiu Eiisiepa ta popm
BTpaTH cTilikocTi crepakus. (Buckling Analysis.)

F 65
Y N
o~ —
O
A=18,418 cm?,
r
. 3 A | —78,702 cu’
N\-
~N ’
9 lin = 2,07 e,
N 433 cTajib
217
C Yy min
[IBenep UPE140

JlJ14 3a1aHOTO MONEPEYHOro Nepepizy KOJOHU JOBXKHUHOK 2,2 M IPUNHHATH
YMOBM 3aKpIIUIEHHS CTePKHS, 11100 iXHS THYUKIiCTh Oyna B mexax Bij 100 mo 200,
110 BIJMOBIAA€ BU3HAUEHHIO KPUTUYHOI CHIIA B TIPYKH1I poOOTI MaTepiany (Cuiu
Eiinepa). Buznauutu 3 nepmmx KpUTUYHUX CHIM BTPATH CTIMKOCTI KOJIOHH,

noOyAyBaTH CTEPAKHEBY Ta MPOCTOPOBY Mojeib konoHu B [TK “ANSYS”.
2.1. AHajiTu4HuUii po3B’SI30K HA OCHOBI JiHiliHOT Teopii cTilikocTi

1)  Jlna 3amaHOrO CTEpIKHIB MiAiOpaeMo 3aKpIiIUICHHS TaKUM YHHOM,
00 iXHs THY4KicTh Oyna B Mexax Big 100 mo 200.
[TpuiiMaeMo KOEQIIIEHT MO3MOBXKHBOTO 3TUHY =1, mo BiAmoOBigae

[IApHIPHOMY 3aKPITIICHHIO CTEPKHS 3 000X OOKIB.

1= LI — 1.220 -106
i 2,07
[lepura kputnuHa cuna 3a Ennepom:
2 2
n°El . _ 2-18,702 320,97 kH

P =
o) @22y
P, =n’ P, =4-320,97=1283,9kH - npyra xputuuna cuna 3a Eiinepowm;

P = n’- P _,=9-185=2888,77 kH - Tpers kputuuHa cuia 3a Eiinepom
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2.2. Mogeasn 1. Crep:xkaeBa mojaeab 6aiaku B ITK «<ANSYS».

1) IonepenHi HaTAIITYBAHHS.

Kpok 1. Ilepersaryemo moaynp Static Structural y mone Project Schematic.
[TepeitmenoByemMo Moaysb Ha «CTepikHeBa MOAECIb 0AJTKN.

Kpok 2. I1pu Bumginenni moayiast Geometry 3’sBiserbes Tabnuis Properties of
Schematic: Geometry, aktuByemo ranouky Line Bodies, mo6 B rpadiunomy
PEMAKTOPI MOXKHA MOJICTIOBATH CTEP)KHEBI €JIEMEHTH KOHCTPYKITIH.

n Unsaved Project - Workbench

File Edit View Tools Units Extensions
WEEe

D E R Project

o] mport... | &

Toolbox

|E| Analysis Systems ‘ ~

\@ Coupled Field Harmonic
\@ Coupled Field Modal

[ CoupledField Static

\@ Coupled Field Transient
) EigenvalueBuckling

(&) Electric

[ ExplicitDynamics

& Fluid Flow (CFX)

@ Fluid Flow (Fluent with Fluent Meshing)
@ Fluid Flow {Fluent)

@ Fluid Flow (Materials Pracessing) (Beta)
@ Fluid Flow {Polyflow)

] Harmonic Acoustics
Harmonic Response

@ Hydrodynamic Diffradion
@; Hydrodynamic Response
iy L5-DYNA

] LSDYNAAcoustics (Beta)
!g' LS-DYMA Restart

[05) Magnetostatic

Modal

] Modal Acoustis

Bz Motion

[l RandomVibration

fili ResponseSpectum

Bz Rigid Dynamic

[ Static Structural

Il Chmardss Cbara Er— 0
T view All / Customize. ..
; Ready

Jobs  Help

Reconnect Refresh Project +# Update Project | BB ACT Start Page

2 @ Engineering Data v 4
I3 Q Geometry z ‘ l
4 @ Model F o4
5 @ setup F .
6 Solution ? .
7 Q Results T .

Static Structural

Ob6wupaemo Line
Bodies

- [m| X
r ax
A B ~
1 Property Value
7 Fotes
8
9 Last Update Used Licenses
10 try Optio
11 Solid Bodies
1z Surface Bodies
13 Line Bodies
14 Parameters Independent _'I
15 Parameter Key ANS;DS
16 Attributes [
17 MNamed Selections ]
13 Material Properties ]
19 a try Optio
20 Analysis Type 3D _'I
21 Use Associativity
22 Import Coordinate Systems |:|
23 Impart Work Points =
24 Reader Mode Saves Updated File =
25 Import Using Instances
2 Smart CAD Update
27 Compare Parts On Update MNo _'I
23 Endlosure and Symmetry Processing
29 Decompose Digjoint Geometry
30 Clean Geometry On Import |:|
31 Stitch Surfaces On Import Mone ]
32 Mixed Import Resolution Mone ]
33 Import Facet Quality Source il [FV3

["¥ 10b Manitor.,.. |0 No DPS Connection |8 No HPC Platform Services Connection || Show Progress

% Show 0 Messages

2) CTBOpeHHs cTep:KHeBOI Mojei B rpadiunomy cepemxoumi SpaceClaim.

Kpok 1. Biakpusaemo SpaceClaim, o6uparoun Geometry — mk.m. — Edit
Geometry in SpaceClaim. O6upaemo cuctemy koopauHat XZ. Select New
Sketch Plane — odupaemo miomuny XZ — Plane View.

27



AsStatic Structural - Design1 - SpaceClaim - o x

Dl Konctpykuan  Otobpaxenwe  CSopka  Measure (Msmepenne) [pamu  Boccrawosure  [omrotoska  Workbench  Mectwoit  Nuctosoiimerann  Mnctpymensi  KeyShot  Ansys Motion  ~ (2

" : 0B 6| XN s 1| © I-I[&
‘B SN @ D N® ™ o T,\"\. b q- = & 1 ! k & =
@

1

Boramme o @I M Oxpywocts Mpwoyromwwk 3 D J | 5 F 01 >N X Buibop " Morasare

Bywep oSmera | Opuentauna Cospate Wamenmte Orpanmuetnn WNsmermte

Maparerpsi - BiGop
7 s Ansys
cosnaHme 2024 R1
MpuessaTs K ceTke S s
Mpuensars Kk yray STUDENT
Scxus maketa

1L%| Dimensions

[ [lexaprost pasteps!
Mapaterpe - Bet|Croyxty.. Cron Buibop Tpynner Buas: 7
Brewnwit Bua -~
v Pon Lser S Y =
Okpyxatowee npoc Mo ymonyaHio S ‘ ae
User [ Whie o

yomuny XZ

o8

CaoiicTea | Brewrmit sua I\ Design1 x q4bx

x=-25,8416 y=48.8438 | A ~

Kpoxk 2. V xaaami Sketch-Create mo oci X crBoproemo JiHito Line 10BKUHOIO
2200 mm. Dikcyemo po3mip Dimension (po3mipu MoXxHa pearyBaTH).

- 8 x
CTPYKI i K & lecThbiil  IucTosoll metann  WhctpymesTsl  KeyShot  Ansys Motion  ~ (@)
L'E ] ﬁ'u\b @ i:! COE VXN . % || @ |12 I k k‘ Xt 5]
= sove ara|Plhksin o W & &
Heagy ¥ 0 - 2w Popocen Mpavoyronsmac . 3 D B > 3t Paawen I 4] > W x in | BE8oP pyi (B, m o I'\Bwavsan:
Eymep ofmena  Opvestaunn Cospats Usmerurs Orparuenun Usmerurs

Options - Dimensions
?‘ - Click a reference to start creating dimension. Ctri+Click two objects to create a virtual point or line.
Dimensicn Orientation

MAnsys

® Asto

2024 R1
BeiposHero —_—
Fopusontansio STUDENT
Bepriwansho
st Reference Orientation
) Asto
Options - Dimens. | Croyry.. Cron Buop pymmer Buzst
CaoiicTsa
v Amows
v Arow 15te [ Defaut
Length Default
Widh Default
v Arow 2 Style [ Defaut
Length Default
Widh Default 2200mm
v General
Expression 2200mm
Label D1
Measurement Linear
Value 2200mm
~ Precision
Decimal Places Defauit
(Y )X
¥ e
: |0 = 4=
‘Cwﬁcraa‘ Brewi Bva A\ Design1~x d4bx

Click a reference to start creating dimension. Ctri+Click two abjects to create a virtual paint or line. - KO K s llla|ha b B

Kpok 3. IIpu3zHayaeMo reoMeTpUyYHI XapaKTEPUCTUKHU IOMNEPEHYHOro Mepepizy
Oanku. Buninsemo minito, y Bkitaai Prepare — Profile — Standard Library —
Eurocode (obupaemo nsoraBp UPE140) — Import. Po3Bepraemo miBenep
Orient, o6 monku Oynu napanienbHi oci Y.
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Clmwo-0- -

File  Sketch Design Display Assembly Measure  Facsts  Repair (et e s Ansys Mation

&} Home - @ % @E o’ Spot\weld &3 Split By Plane % Rounds 5Bad Faces iy Comnect | gz
o J > v B -
SPlenView - Videurace. Enc Hhweld <3 Extend 5 Faces Yo} T Extracy I S Open
folume  Midsurface Enclosure
B -8 Edea & rap S Imprint Interference S short Fdges B, Clearance T Oriend Display T
Orient Anzlysis Remave Detect Profiles cT

i - Buiioy . . -
apameTps - Sbop Click an object. Double-click to select an edge loop. Triple-clicl

Ansys
New Profile Library 2024 R1

Eurocode Library Manager LoETt STUDENT

L @ 0 n T
[ More Profiles..
rEE e O -

UPE 100
LUPE 120 x |5 Eurocode

Mepard UPE 140 j| Eurocade

Family: UPE ~ Selected Cross Sectiol

LIPE 160 Eurocode beam profile
Propert| UPE 180 library

~ Ap| LIPE 200
Coll UPE 220

Lo UPE 240

v M UPE 270
Ce

UPE 360 F—————————2200mm 1

| Properties ‘ Appearance Nsys x

Click an object Double-click to select an edge loop. Triple-click to select a slid.

Kpok 4. Jlns BizyansHoro BinTBopeHHs 31 Burisaay Haruckaemo Display-Solid
Beams. 3akpuBaemo BikHO SpaceClaim.

j B Creste ~{Connect g2
T Extract T Split Open

Eurocode_LUPE 140
Beams
@ Wire Beams

3e to round it
Solid Beame——
Thick Shells

Thick Shells

407 ThinShells| &7

Thick Shells

3) Po30uBKa CKiHYEHHUMH ejJleMEeHTAMH, NMPU3HAYEeHHs] TPAHHYHHUX
YMOB.

Kpok 1. BinkpuBaemo moayar Model. 3a 3amoBuyBaHHSM IPH3HAYAETHCS
matepian Structural steel. B nepeBi nmpoekTy mepexoauMo 0 CTBOPEHHS CITKH
ckinuennux eineMmentiB Mesh, B Details of «Mesh» — Element Size=0,1 M Ta
rerepyemMo citky Generate Mesh.
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" REIR Context Systems A,B - Mechanical [Ansys Mechanical Enterprise] - B x
Home Mesh Display Selection Automation Add-ons Learning and Support Quick Launch ~ @D 9

@ 7|~ E;Ig

@ sometric =~ @ Previous f-Rotate <5x {~Rotate -5x f PanUp X PanDown | B Random
AG1Look At @ Next doRotate =Sy <L Rotate -5y “mPan Left =b PanRight | o Rescale

B views Angle 10 | © Rotste <5z © Rotate -5z @ Zoom In @ Zoom Out | Preferances D oPY (00 Thigeshells) Crass Reneteront Ds't;ﬂa.’ VEED)| [P | EERE N | S
Orient Annctation /1 Display
Driz MRl  ca|®w @ L% S Q@@ @@ Selct % Mode DREME =& - Fdpboard- [Empy] 3

~ MName ~ | Search Outline | J
Project ~
Model (A4, B4)
B Geometry Imports
T Geometry
(g Materials
& Cross Sections

[ Analysis Settings
oy By HiKHS WADHIDHE ONODA
/By BEPXHS WAPHIDHO-DYXOME ¢
/. Force

Bl & Solution (A6)
5 Solution Information
=[] Eigenvalue Buckding (B5)
/76 Pre-Stress (Static Structure

Tl Analysis Settings ™
< B T T >
Details of "Mesh" - wow BOX
1| Display

Display Style [Use Geametry Setting
1| Defaults

Physics Preference  Mechanical

Element Order
Element Size 10,1 m

Sizing

Quality

Inflation

Batch Connections

Advanced 0175 0525

Statistics

0,000 0350 0,700 (m) 7 %
I T ]

ection 4 Metric (m, kg,

Kpok 2. B nepesi obupaemo Static Structural Ta npuznagaemo mapHipHi OIOpH.
Bxiagka Static Structural — m.x.m. — Insert — Remote Displacement, ooupaemo
HWKHIO KpaiiHIO TOuky Ta Hatuckaemo Apply. BeranoBimoeMo oOMexeHHsS Ha
BEPTUKAJIbHI Ta TOPU3OHTAJIbHI TEPEMIIIEHHs, 110 BiAnoBigae mapHipy. s
BUJIIJIEHHS! TOYKH BUKOPUCTOBYEThCA (pyHKIIs VErtex.

. [Eﬂ ¥ Context Systems A,B - Mechanical [Ansys Mechanical Enterprise] - [m] x
Home Environment Display Selection Automation Add-ons Learning and Support Quick Launch ~ @ 0'
@ sometric ~ @ Previous {-Rotate =5x {=Rotate -Sx § PanUp X PanDown | M Random g Ow ‘ E _:_:é{_ 8 F| o~ == 0o
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Orient Annotation Style Display
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Project ~
Model (A4, B4)

- Geometry Imports

/@ Geometry

B Materials

& Cross Sections

/5 Coordinate Systems

/@ Mesh

[ static Structural (AS)

t
.
.
t

< >
Details of "Hinkra wapnipra v 1 O X .
= scope & BHUALIAEMO BY30II
Scoping Method | Geometry Select..,
Geometry 1 Vertex N o

Coonine e | Gl oo (bynkmis Vertex) .

¥ Coordinate |0, m

¥ Coordinate |0, m apply l
Z Coordinate o, m L

Location Click to Change 0,000 0,500 1,000 (rn)
— i
S| Definitian 0.250 0,750
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Type | e ———— | T T ——————— v 30X
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Kpok 3. Briagka Static Structural — n.k.m. — Insert — Remote Displacement,
o0MpaeMo BEpXHIO KpaiHIO Touky Ta Hatuckaemo Apply. Bcranosmoemo
OOMEXEHHSI Ha BEPTUKAJIbHI MEPEMIIICHHS, 110 BIAMOBIIAE MAPHIPHO-PYXOMIi
oropi.

H - Context Systems A,B - Mechanical [Ansys Mechanical Enterprise] - 0O X
Home Environment Display Selection Automation Add-ons Learning and Support Quick Launch ~ @ 0’
@ sometric = @ Previous f-Rotate =5x {+Rotate -5x § PanuUp ¥ PanDown | B Random e O ‘ E ':\,!(::— 8 o ” H DD
dGlook st @net  daRotate -5y <DRotate Sy mPanLeft = PanRight i Rescale =2} [ =
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Orient Annotation Display

Outline >} O x Qa W@ %% O QA @@ QA Sdect kModer PMEEE @ E @ E @ E | = [FClipboard~ [Empty] I
© Mame | search Outline | ¥

Model (A4, B4) A

{5 Geometry Imports

[+, @ Geometry

-, (8 Materials

-8 Cross Sections

[ 34 Coordinate Systems

@ Mesh
B[ Static Structural (A5)
T Analysis Settings

Details of "Bepxta wapripHo-+ I O X
I/ Scope s
Scoping Methad | Geometry Select...

Geometry 1 Vertex

Coordinate System | Global Coordin... E

¥ Coordinate  |22m [
Y Coordinate om
¥

Z Coordinate 6,232e-016m

Lacation Click to Change 0,000 0,500 14?00("”)
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1D (Beta) 36

Type N e e —— ————————————— - [ L . T
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Z Component 0, m [ramped) 1 1 0. 0. 0
Rotation X 0,° [ramped)

Rotation ¥ Free 1.

Rotation Z Free

I T

Suppressed ©
Degrees

Kpoxk 4. 3agaemo cuny 1 H 3a nomomororo Bkimagku Environment-Structural-
Force a6o Static Structural — n.x.m. — Insert — Force.

= Context Systems A,E - Mechanical [Ansys Mechanical Enterprise] _ B x
Home Environment Display Selection Automation Add-ons Learning and Support Quick Launch ~ @ 0'
| o« g |00

=

Cross Remote Point Display | Vertex | Edge  Explode Viewports| Show
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. Name = | Search Qutline f

5] Geometry Imports ~

,/g Cross Sections

[ 34 Coordinate Systems
-8 Mesh

B[] Static Structural (AS)

v

Details of "Force” == w1 OX
[=| Scope

Scoping Method | Geometry Selection

Geometry | 1 Vertex -
[=| Definition ¥
1D (Beta) 39 ®
Type Force l
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Coordinate System | Global Coordinate ... 0,000 0,500 1,000¢m}
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OO6upaemo TouKy npukiIaganas cuin ta Hatuckaemo Apply. B Details of
“Force” ooupaemo Define By — Components — 3agaemMo IpoeKI[ito CHIIA Ha BiCh
X F=-1H. OpuanuHa cuia JO3BOJIAE€ IIO3HAYUTH CTaH JAePOpPMyBaHHS
CTEPIKHS.

4) BuBe/ieHHSI eMIOP BHYTPIIIHIX 3yCHJ/Ib, HATIPYKeHb Ta NMepeMillleHb.

Kpok 1. B nepesi npoekry Solution(). O6upaemo Beam Results Ta gomaemo
HeoOxiaHi ¢ynkiii. (Axial Force). 3anyckaemo 3a1ady Ha po3paxyHok Solve.

[ A Context  Systems A B - Mechanical [Ansys Mechanical Enterprise] - 0 X
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5) Byayemo (popMu BTPaTH CTIHKOCTI CTEP:KHSI 32 JIONIOMOTOK) MOTYJIsI

Eigenvalue Buckling.
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Kpok 1. Ilepersryemo Eigenvalue Buckling na Solution momyns Static
Structural, Takum YMHOM JaHi MONEPEAHBHOTO PO3PAXYHKY OB SI3YIOTHCS 3
moayiiem Eigenvalue Buckling.

Kpok 2. BigkpuBaemo Setup monyns Eigenvalue Buckling, 3anaemo momryk 10
nepimx (GopM BTpaTh CTIHKOCTI cTepkHsA. B mepesi npoekty Analysis Settings
— Max Modes to Find=10 Ta 3anmyckaeMo 3ajauy Ha po3paxyHok Solve.

B= Context  Systems AB - Mechanical [Ansys Mechanical Enterprise]

- B X
File Home Solutian Display  Selection  Automation  Add-ons Learning and Support Quick Launch ~ D
D Scut X Delete | My Computer - % ~ BB =namedselection [ Commands @ images~ B oo
= 24
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o Name - -
B[] Static Structural (A5) ~

- /1] Analysis Settings . R . .
/By, Hiokes wapHipHa onopa Details of "Analysis Settings” -

‘,ﬁ_. BepxHs WapHipHo-pYyXoMa onopa = i
- /8B Force

Y 5 sotation (AB) Max Modes ta Find] 0,
¥

i 5 Solution Information [=I| Solver Controls
E--#H Egellvalue Buckling (B5, Salver Type ‘ Prog

g Pre-Stress (Statig@fuctural) . P
Include Megative Load Multiplier ‘ Prog
£ Solution (B6) Output Controls

E Solution Information -
5 J Analysis Data

Details of "Solution (BE)" =i [ X
(/| solution P

Number Of Cores to Use (Beta) |Solve Process Se.., Y.
[5l| Adaptive Mesh Refinement 0,000 0,500 1,000(rn)

Max Refinement Laops [1. T .S

Refinement Depth |l ! !
[=I| Information R T R R R et W R T2uilar Data

Status Solve Required 0,

MAPDL Elapsed Time 25 1,0698e+7 1 = =

MAPDL Memory Used 18, MB 2 3 0

MAPDL Result File Size 3 % <00
I=I| Post Processing 7.5e+6 L A +00

Distributed Post Processing (Beta) | Program Contra... " E

5846 Copy Cell
Mesh Source [Beta) Program Cantro... 3 A
Beam Section Results No 2,5¢+6 7, Create Mode Shape Results
Export

Select All
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Kpok 3. B nepesi npoekty Hatuckaemo Ha Solution-Tabular Data, 3’siBiseTscs
tabimmns  10mepmmx KpUTUYHUX CHJI, BH3HaueHWX 1o Eiinepy. Buminsemo
croBmuuk Kpurtnunux cui, Hatuckaemo k.M — Create Mode Shape Results
(moOymoBa opM BTpaTH CTIMKOCTI CTEPIKHS) Ta HAaTHCKaeEMO SoOlve.

6) Buoupaemo 3 nepmux (popmMu BTPATH CTIHKOCTI KOJTOHH.

®opmu OyayroTbes 7S BCIX TOJOBHHUX OCEil mepepizy, TOMy HEOOXiTHO
BUOpatH (hOpMH BTpATH CTIMKOCTI MEPIEHIUKYISIPHI MIHIMAIBHIN OC1 mepepi3y,
B HAIIOMY BHUIAJIKY BICh Y.
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3 mepux GopMu BTpATH CTIHKOCTI KOJIOHH.
2.3. Moaeas 2. IIpocTtopoBa mojaeb 0ajku B IIK «<ANSYS».

1) ITonepeaHi HAJAIITYBAHHS.

Kpok 1. IMepersryemo momyns Static Structural y mome Project Schematic.
BinkpuBaemo uepe3 moayias Geometry SpaceClaim.

2) CTBOpeHHsI TPOCTOPOBOI MoJedi B rpagdiuHoMy cepenoBHINi
SpaceClaim.

Kpok 1. Binkpusaemo SpaceClaim, oouparoun Geometry — mk.m. — Edit
Geometry in SpaceClaim. Obupaemo cuctemy koopauHat YZ. Select New
Sketch Plane — odbupaemo miomuny YZ — Plane View.

Dlw9-0- - uctural - Design1 - SpaceClaim

Design  Display  Assembly  Measure  Facets  Repar  Prepare ch  Defail  SheetMetal Tools  KeyShot

Ansys Moicn
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h o Editing
Clipboard Orient Create Modify Constrains Edit

End Skeich
Options - Selecti *
E’j“::m on . Click to select. Double-click to select a tangent chain. Double-click again to select a closed loop./Drag to edit your sketch

Ansys
Automatically create constraints { 2024yR1
Snap to grid

Snap to angle STUDENT
[ Layout Skeich

|14 Dimensions

7] Cartesian dimensions v
lOptions - Select. ‘Structu.. Layers Seleci. Groups Views

Properties n
v Appearance
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Layout False
v Misc

Construction Tue

Mirror True

140mm
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Kpok 2. [Tporoaumo Construction Line mo oci Y, HATUCKAEMO Ha NPSIMY I1.K.M.
y MeHI0 BuOupaemo Set as Mirror Line (mpsima oTpuMye BIACTHBICTH OCI
cuMeTpii).

Kpok 3. ®ymskimiero Line kpecaumo koHTyp mmiBenepa. CTBOproeMo ¢acky
pamiycom 12 mm 3a nonomororo ¢yukiiii Create Rounded Corner. Hatuckaemo
End Sketch Editing.

65mm
i

L _T | 9mm

- i s i |

J 48mm ———=f

70mm
bl gy e
—+ 21,7mm rfdimmm—-} —{2 ‘7,,-,,“1.* 43,3mm4-1 1
‘ \c— Rt2mm \

Kpok 4. 3a nonnomoroto ¢yukiii Pull Butsaryemo nepepis Ha 2200 MM B310BX OCi
X. BakpuBaeMo cepenosuiie SpaceClaim.

3) Po30uBKa CKiHYEeHHMMHU €JIeMEHTAMHM.

Kpok 1. BinkpuBaemo monynr Model. 3a 3amoBuyBaHHSIM NpH3HAYAETHCS
matepian Structural steel. B gepeBi npoekTy mepexoanMo 10 CTBOPEHHS CITKH
ckinueHHux enemeHTiB Mesh, Bcranosimroemo macmrad citku Element Size =
0,01 M Ta renepyemo citky Generate Mesh.

B+ Context  Systems B,C - Mechanical [Ansys Mechanical Enterprise]

- 0O X
Home Mesh Display Selection Automation Add-ons Learning and Support O 0'
t X Delete | |My Computer - f; B Swnamed Selection 7 Commands @ images~ B u)
opy ‘Q Find v Distributed il - em [JComment [ Section Plane
Sol R Analysis Tools | L it
aste T Tree ™ Cores 4 o‘ve prsé?;i'g: na'ysls @, Remote Point |l chart [ annotation o‘os ay:ou
O Solve [ Insert
Outline s w I O X i@ aQ EI' @ Ty O Q@ @ @ @ Select ™ Moder EEERMm®E =& — Elcipboardr *
. Name -
[ Project ~
- (@) Model (B4, C4)
) Geometry Imports
-,/ Geometry
&[5 Materials
- Systems
D Mesh
l'T'l--‘/= St;ticstructnral(ﬂs) e
Details of "Mesh™ it v B O
=I| Display
Display Style Use Geometry Setting
=I| Defaults

Physics Preference | Mechanical 0100¢m)
BLogram Controll=d
1,e-002m

Element Order

Element Size
| Siminn

Kpoxk 2. B nepesi ooupaemo Static Structural Ta mpusnagaemo mrapHipHi onopu
Ta HABaHTAXEHHA Ui Oanku. Brnanka Static Structural — mk.m. — Insert —
Remote Displacement, o6upaeMo HIKHIO KpalHIO IUIONIMHY Ta HATHCKAEMO

35



Apply. BcraHoBiroEMO OOMEXKEHHS Ha BEPTHKaAbHI Ta TOPHU3OHTAIbHI
MepeMilieHds, 1Mo BiAmoBimae tmapHipy. Jlms BUAUICHHS  TUIONIMHHU
BUKOPUCTOBY€EThCSl (yHKIsT Face. JIis BepxHBOI IUIONIMHUA TIEPEMIIICHHS HE
oOMeXxeH1 B310BX oci X.

Details of "lWapHipHo-Hepyxoma onopw I 00 X Details of "LLapHipHo-pyxoma cnopa’' v I 0O X

=l| Scope [=] Scope
Scoping Method | Geometry Selection Scoping Method | Geometry Selection
Geometry 1 Face Geometry 1Face
Coordinate System | Global Coordinate System Coordinate System | Global Coordinate System
X Coordinate |0, m X Coordinate  |2,2m
T Coordinate -2,3534e-005 m ¥ Coordinate -2,3534e-005 m
Z Coordinate 9,1921e-019 m Z Coordinate 8,0431e-019m
Location Click to Change Location Click to Change
=I| Definition [=]| Definition
IO (Beta) 31 ID (Beta) 34
Type Remote Displacement Type Remote Displacement
X Component |0, m [ramped) X Component Free
Y Component |0, m [ramped) ¥ Component |0, m [ramped]
ZComponent |0, m [ramped) Z Component |0, m [ramped]
M Rotation X M Rotation X
Rotation ¥ Free Rotation ¥ Free
Rotation Z Free Rotation 7 Free
Suppressed Mo Suppressed Ma
Behavior Deformable Eehavior Deformable
/| Advanced Advanced

Kpok 3. B nepesi ooupaemo Static Structural () 3anaemo onunuuny cuy 1 H,
sIKa i€ Ha CTHUCK, 3a JormoMororo Bkiaanku Static Structural — mx.m. — Insert -
Force. O0upaeMo BepXHIO IIONIHMHY NPUKIAJaHHsA CHUIIK Ta HaTuckaemo Apply.
B Details of “Force” ooupaemo Define By Components — 3agaeMo mpoekiiio
cwmi Ha Bick Z F=-1H. Omuauuna cwia JI03BOJISIE IMO3HAYUTUA CTaH
neopMyBaHHs CTEp)KHS. 3allyCKaeMo 3a/iady Ha PO3PaxyHOK, HATUCKAIOYHM Ha
Solve. 3akpuBaemo BikHO mporpamu.

\’“r:' [Eﬂ ¥ Context Systems B, C - Mechanical [Ansys Mechanical Enterprise] - [m] xX
Home Environment Display Selection Automation Add-ons Learning and Support Quick Launch ~ @ 0'
I &Cut X Delete | My Computer - g ~ EHE &named selection  E:Commands @ Images™ B oo
LECopy QFmd «| Distributed IIII Hw o ordinate System LJComment E.Sectmn Plane
Duplicats Sol Ry Anal; g Tool L it
UPICE Dpaste TmTree™ | Cores 4 OV predition | Y™ @, Remote Point L chart [ Annotation G5 || =
Out Solve [F] Insert
Outline o= d0X| QA [@wd® %% O+ Q@@ @ Q St & Moder RRREBE P B = Fpbord ¥
¢ Mame - AV | E—
i -+ LapHipHo-HepyxomMa onopa ~
EQioCDoMa ONopa
B TR

. Force: 1, M

Components: -1,:0,0,

7 5 5
: {5} Solution Information
=4[] Eigenvalue Buckling (C5)

i 7o Pre-Stress (Static Structural)

fo [ Analysis Settings v
LOYER o oo
=l Scope ~ X
Scoping Method |Geometry Selection
Geometry | 1Face ¥,
=/ Definition
D (Beta) 38
Type Force
Define By [ Components ] A L S st O] X || Tabue 01X
Applied By Surface Eitect 1, steps |Time []
Coordinate System _Global Coording e [ S e L NE o,
M X Component  EDNCET Y I | 1 2|1 1,
Companent |0, M [ramped) - Mot enough constraints appear to be applied to prevent rigid body motion. This may lead to solution warnings or errors, Check res:\ts carefully,
Z Component |O, M (ramped) | ﬂ

4) Bynyemo ¢opMu BTPaTH CTIHKOCTI CTEP:KHSA 32 JOMOMOTOI0 MOITYJIsI
Eigenvalue Buckling.
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Kpok 1. ITepemimyemo Eigenvalue Buckling na siueiiky Solution monyns Static
Structural, mani nomepeaHHOro pPO3PAXyHKY TIOB’SI3YIOTHCS 3 MOIYyJIEM
Eigenvalue Buckling.

Kpoxk 2. Bigkpuaemo Setup, 3agaemo nomryk 10 nmeprmmx Gopm BTpaTu CTIHKOCTI
crepkHs. B nepesi mpoekty Analysis Settings-Max Modes to Find=10 Tta
3aITyCKaeMo 3aJlauy Ha po3paxyHok Solve.

B= Context  Systems B,C - Mechanical [Ansys Mechanical Enterprise]

File Home Environment  Display  Selection  Automation  Add-ons Learning and Suppart Quick Launch ~ @ e

D Scut X Delete | My Computer - % o~
il [+

B Copy Q Find | Distributed

[E: commands ([@limages~ B oo

51 Coordin m [ Comment E.Se:tlon Plane
Duplicate Sol Ri Anal 9 Tool: Ls it
P (B paste BmTree™ | Cores 4 OV prediction | " @, Remote Point Ll Chart Efannotation | 100" | HYOY
QOutline Solve ] Insert
Outline MRl Q Q8w %% CO- QA @ @ Q Sect % Mode- ERRE®E T ® B = Edpboad- I
¢ Mame | Search OQutline | ™
' Pa WapkipHo-Hepyxoma onopa A
/@y WapHIpHO-DyX0Ma onopa
@ Force

El-f@) Solution (B6)
{5} Solution Information
B[] Eigenvalue Buckling (C5)
5 =1 Copy Cell

Create Mode Sh

Details of "Analysis Settings" =iw B O X Export

1= Options

Max Modes to Find | (K2

[l Solver Controls

Solver Type ‘Program Controll...
Include Megative Load Multiplier ‘ Program Controll.,
Output Controls

Analysis Data

Select All

H B

1.

Kpok 3. B nepeBi npoekry Hatrickaemo Ha Solution — Tabular Data, 3’siBiseTscst
tabmuusg 10 mepmux KpUTHYHUX CwWI, Bu3HaueHux no Einepy. Buaimsemo
CTOBIUMK KPUTUYHHUX CWII, HaTUCcKaemo m.k.M — Create Mode Shape Results
(mobymoBa opM BTpaTH CTIMKOCTI CTEPKHS) Ta HAaTHCKaeEMO SOlve.

6) Budupaemo 3 nepmmx popmu BTPpATH CTiHKOCTI KOJIOHH.

®opmu OymyroThCs JUIsl BCIX TOJIOBHUX OCEH Tmepepidy, TOMy HEOOXiTHO
BUOpatH (hOopMH BTpaTH CTIMKOCTI MEPIEHIUKYIISIPHI MIHIMAIIbHIN OC1 TIepepisy,
B HAIIIOMY BHUIIAJIKY BiCh Y.
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3 mepmux HopmMu BTpaTH CTIMKOCTI KOJIOHH.

7) JAas 3amaHMX CTep:KHiB 3HaiTH P IlopiBHATH oTpuMaHi
pe3yJbTaTH 3 AHAJITHYHUM PO3B’SI3KOM.

o1
0,0022318 Min

[TopiBHSHHSA MEPIIMX TPHOX KPUTUUHUX CHJT

AHAITUYHUI ITIK «Ansys» ITK «Ansys»
PO3B’SI30K 3a CTEp>KHEBA MIPOCTOPOBA
Einepom MOJIEJIb MOJIEIb
1 kpumuuna cuna 320,97 kH 320,25 kH 317,98 kH
2 KpumuyHa cuia 1283,9 kH 1272,4 xH 1218,1 kH
3 Kpumuyna cuna 2888,77 kH 2831,3 xH 2781,7 xH

BucHOBOK: MOPSIIOK YHCEI MAa€ TOCTATHIO 301KHICTh. 3HAUEHHS, OTpUMaH1
3 TMPOCTOPOBOi MOJEIl Ta CTEPKHEBOiI HE IOBUHHI CIIBMAJaTH, OCKUIBKH
MIPOCTOPOBA MOJIENh CKJIAJHINIA B JCKUIbKA pa3iB Ta BPaXOBYE MICIIEBY BTpaATy

CTIHAKOCTI.
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Jlooamox 1
BAPIAHTH JUISI CAMOCTIMHOI POBOTH

3ananns Nel. JlocaigxeHHs] HANPYKeHO-1e()OPMOBAHOI0 CTAaHYy 0AJTKH
y IIK «<ANSYS»

Jlnst nBOTaBpOBOi Oaliku BU3HAYWTH HAMPYKCHHS, TIEPEMIIICHHS B
[TK «ANSY S» Ta mopiBHATH 301KHICTh 3 aHATITHYHUM METOJIOM, 10 0a3yeThCs
Ha Teopii 3ruHy OasloK (TinoTe3i INIOCKUX mepepiziB). Matepian — cranb. I[1ix gac
moaentoBadHsA B [TK «ANSY S» po3risiHyTH CTEp)KHEBY Ta IIPOCTOPOBY MOJIEIII.

Tabnuys oo 3asoanms Nol

= 2 [Teprira mudpa Hpyra nudpa Tpetst uudpa
::g; g F, kH q, xH/m L, M [Tepepis cxema

1 10 2 2 IPE200 1

2 15 3 4 IPE180 2

3 8 4 6 IPE160 3

4 20 5 7 IPE220 4

5 12 2 5 IPE240 5

6 16 4 3 IPE270 6

7 14 6 4 IPE300 7

8 22 5 6 IPE100 8

9 26 8 2 IPE120 9

0 6 3 3 IPE220 0
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3aBaannsa Ne2. Buznayenns kpurudnoi cuim Eisepa ta ¢gpopm BTpaTn
criiikocti crep:kusa. (Buckling Analysis)

Jlns  3agaHOro MONEPEYHOro TNepepidy KOJOHM MPUHHATH YMOBU

3aKpIMJICHHS CTEPXHs, 00 iXHS THYYKICTh Oyna B Mmexax Big 100 mo 200.

Martepian — cranb. BusHauuTtu 3 nepmux KpUTUYHHMX CHIIM BTPATH CTIMKOCTI

KOJIOHH, MOOYyJIyBaTH CTEPKHEBY Ta MPOCTOPOBY Mojaenb kojaoHu B I[IK

“ANSYS”.
Tabnuys 0o 3asdanms No2
2 [Tepma mudpa Hpyra mudpa | Tpers uudpa
'§* muQpy muQpy muQppy
Ne mpodinst
§ Ne npodins [TpsimokyTHa I[OTH;I:Ha
=) TpyOa ’
0 UPE160 70x50x4 2
1 UPE140 80x40x4 2,2
2 UPE180 80x60x5 2,4
3 UPE200 80x70x5 1,7
4 UPE220 90x50x6 3
5 UPE240 90x60x4 2
6 UPE270 100x40x5 2,2
7 UPE300 100x50x6 2,5
8 UPE330 100x60x6 2,8
9 UPE360 120x40x6 2
1 2 3 4
o e i v
\ / \IO’ 71 o
: / ’I 7& ) ) ) )i
/ i /
/ ’ / ]
W@F* | 20 - A
u=1 y%\2 1=0,7 1=0,5
P - T El b 7El, P - :rzEI},’ " =ﬂ
to Ty ¥ (0,71) v (0,50)
AN

KoedimienTn npuBeneHHs TOBXKUHU CTEP>KHS
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Jlooamok 2
3pa3ok o(popMIIeHHSI TUTYJIBHOT0 apKyIIa podoTH

MIHICTEPCTBO OCBITU I HAYKU YKPATHU
KuiBchKkuii HallioHATBHUN YHIBEPCUTET OYAIBHUIITBA 1 apXITEKTypHU

Kadenpa onopy marepianis

Po3paxynkoBo-rpadiuaa podbora
«ImxenepHi 3anadi Teopii npyxxHOCTI B I[TK ANSYS)»

BukoHas: cTyaeHt

/crienianpHICTB, KypC, Tpymna/

/nipi3BuIe, iHiiam/

KepiBHuk

/mpi3BuIe, iHimiamm/

Kuis - 20  p.
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HaB‘IaJ’IBHO-MCTO)II/HIHe BUAAaHHA

IH>KEHEPHI 3ATAUI
TEOPII IPYKHOCTI

Ympbox yacmuHnax
Yacmuna 1

JocaigKeHHs1 HANIPYKEHO-1e()OPMOBAHOI0 CTaHY 0AaJIKK
npu 3runi y [IK «<ANSYS». Buckling Analysis

MeroaudHi peKOMEeH 1aIlii, 3aBJaHHs Ta MPUKIAJIH
710 BUKOHAHHS pO3paxyHKOBO-Tpa1yHUX pOOIT
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crierianbHOCTi 192 «byniBHULITBO Ta HUBLIbLHA 1HXEHEPIS»
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Vinanaui: JJEBKIBCbKUIA JAmutpo Bononumuposuy,
I'PUTOP’E€BA Jlrogmuna OnekcanapiBHa,
AHCOHC Mapuna OckapiBHa

Kowmn’rorepne Bepcranns JI. M. Moposiok

YM. apyk. apk. 2,56. O6m.-Bu. apk. 2,75.
Enextponnwuii nokymeHnt. Bug Ne 11/V-24.

BukoHaBelb i BUTOTOBITIOBAY
KuiBcbkuit HaIlioHAIBHUIN YHIBEPCUTET OYMIBHHUIITBA 1 apXITEKTypH
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