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Beryn

MeTtoan4Hi BKa3iBKH po3po0iieHo Asist mpoBeAeHHs [IpakTiuuHoi pobotn
Nel «CratuunHuii aHajgi3 HaMpyXeHO-Ie(hOPMOBAHOIO KOHCOJILHOTO
CTaJIBFHOTO CTEPXKHS» 3 Kypcy: «MeToa CKIHYCHHHUX CJIEMEHTIB B MEXaHIIl
criopyn» nns  ctynaeHTiB crnerianbHocTi  7.06010101 ta 8.06010101
«[IpomucnoBe 1 nuBiAbHE OYNIBHUITBO» JEHHOI 1 3ao4Hoi (opmu
HaB4YaHHs. BOHM BUKOHAaHI 3TiJHO METHU Ta 3aBJaHb KypCy.

1. Hinb npakTH4HOi podoTH

BukopucroBytoun mnporpamuuii  komruiekc ANSYS  Multiphysics:
OBOJIOJIITH METOJUKOI0 CTBOPCHHS TPUBUMIPHOI MapaMETPUYHOI MO/
CTEp)KHsI, B TIPEMpoIlecopi 3aaTH MEXaHIdHI BIJIACTUBOCTI Martepiaiy,
3TEHEpPYBaTH CITKY CKIHUEHHHX €JIEMCHTIB; B TIPOICCOpi 3ajgaTH
HABAHTXKCHHS 1 BUKOHATH PO3PaXyHOK HAIMPYXKEHO-Ie(HOPMOBAHOTO
CTaHy, B TIOCTIIPOIIECOpPI BHKOHATH aHAJI3 pE3yJbTaTiB pPO3PaxyHKY,
o0y IyBaTH KPUBI PO3IOALIY HAIpyKeHb Ta aehopMariiit

2. Onmuc cTajJIbHOIO CTEPKHS | HABAHTAXKEHHS

T'eomeTpuaHi pO3MipH CTEpP)KHS 3aMal0ThCS BIATIOBIIHO 10 BapiaHTy
(rabn. 1). OaumH KiHEUb CTEPXKHS JKOPCTKO 3akpimieHud. Jlo
HPOTHIICKHOTO KiHI MPUKIAIAI0ThCs BEPTHKAIBHI 3ycHiuis. Po3paxyHok
y TIpY>KHii TIOCTaHOBII.

Buractuocti Marepiany (crami): mogyns FOura (mpyxuocti) E = 210
Mlla; koedinient [lyaccona g = 0,3.

Tabmuus 1. eomeTpryHi po3MipH CTATBHOTO CTEPKHS

].\@ Josxwuna |, M. MMupuna b, m Bucora h, m
BapiaHTy
1 2 3 4
|
[
1. 0,50 0,030 0,020
2. 0,52 0,031 0,021




IponosxenHs Tabm. 1

1 2 3 4
3 0,54 0,032 0,022
4. 0,56 0,033 0,023
5. 0,58 0,034 0,024
6 0,60 0,035 0,025
7 0,62 0,036 0,026
8. 0,64 0,037 0,027
9. 0,66 0,038 0,028
10. 0,68 0,039 0,029
11. 0,70 0,040 0,030
12. 0,72 0,041 0,031
13. 0,74 0,042 0,032
14. 0,76 0,043 0,033
15. 0,78 0,044 0,034
16. 0,80 0,045 0,035
17. 0,82 0,046 0,036
18. 0,84 0,047 0,037
19. 0,86 0,048 0,038
20. 0,88 0,049 0,039
21. 0,90 0,050 0,040
22. 0,92 0,051 0,041
23. 0,94 0,052 0,042
24. 0,96 0,053 0,043
25. 0,98 0,054 0,044
26. 1,00 0,055 0,045

3. 3aBaanus

[[Insx0oM TOKPOKOBOTO HABAaHTAXXKCHHS MOJETI CTEPKHS BU3HAYUTH
3yCWUISI, TIpH SKOMY Yy HAHOUIBII HamNpyXKEHOMY Iepepi3i CTEp>KHA

IHTEHCHBHICTh HANPYKEHb jgocsrae gy = 200MI]a.
IIpoanamizyBaTi TIOJISI TIEPEMIIIICHB,

CTEPXKHS.

Halpy>XeHb Ta nedopmariiit

[MoOynyBaTi  KpuiBi  pO3MOMIAY PO3TATYHOUMX  HANPYXKEHb  Ta
nedopMariiii B30BXK BEpXHbOI TOPH30HTAIBHOI IPaHi CTEPHKHS.



4, 3BiT

3BIT MPO BUKOHAHHS MPAKTUYHOI pOOOTH MOBUHEH MICTUTH: KOPOTKUH
ONHMC OTPUMAaHHWX pPEe3yJbTaTiB; EKpaHHI KOIlii TOJIB TEPEMIIICHb,
Halpy>XeHb Ta AedopMaliii CTEP)KHS;, KPHUBI PO3MOAUTY PO3TATYIOUHX
Hamnpy>XeHb Ta Jjaedopmallii B3IOBX BEPXHBOI TOPU3OHTAILHOI TpaHi
CTCPXKHS.

5. [lopsinok BUKOHAHHSI POOOTH
5.1 Bu6ip muny zpaghiunozo inmepdpeiicy

V BikHi MeHwoo Preferencescrasumo momitky HaBmpotu Structural
(puc. 1).

Main henu @” |

SfPreferences
Preprocessor [KEw] Preferences for GUI Filkering

Solution Individual disciplinels) to show in the GLI

General Postproc
TimeHist Postpro -

ROM Tool [~ Thermal
Prob Design [~ AMSYS Fluid
Radiation Opt

E Session Editor

Finish Electramagnetic:

[ FLOTRAN CFD

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

Maote: IF no individual disciplines are selected they will all show,

Discipline options

& h-Method

oK Cancel Help |

Puc. 1. Bubip tumy rpadiunoro inrepdeticy Structural
5.2 Bu6ip mpueumipnozo ckinuennozo enemenma

V wmento Preprocessor>Element Type>Add/Edit/Deletetrckaemo
kHonky ADD i y Bikui Library of Element Types Bubupaemo
TpuBuMipHuit 8-Mu By3noBumii emement Brick 8 node 185i nmatmckaemo

kuHonky OK (puc. 2).
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. al

Ll e
& Preferences
B Preprocessor

= Element Type Defined Element Types: SEPI;?ZET;E
[BJAddIEdit/Delete) NOME DEFINED
B Switch Elem Type
5 Add DOF
B Remove DOFs Library of Elsment Types '« [Quad 4 node 182 -

& Elem Tech Control 5 node 163

Real Constants

Z0node 186
concret 65
Tet 4 node 265

Erick 8 node 185

Shell
Solid-Shell
Constraint =2

Element type reference number
. oK fpply | Gl | Help |
Coupling i Cegn

FLOTRAN Set Up
Multi-field Set Up
Loads

Physics

Add Options | Delete |

Puc. 2. Bubip TpuBHMipHOTO CKiHUeHHOTO efaeMenTa Solid185
5.33a0anns mexaniunux enacmusocmeit mamepiany

BiZ[KpI/IBaGMO MCHIO BU3HA4YCHHA BJIACTUBOCTEH MaTepiale —
Preprocessor>Material Props>Material Model¥ Bikui Define Material
Model Behavior Bubnpaemo mMomens mpy:KHOTO i30TPOITHOTO MaTepiany
Structural>Linear>Elastic>Isotropici y Bikui Linear Isotropic Material
Properties for Material Number 1enmucyemo momyme FOnra EX Ta
koedimient ITyaccona PRXY (puc. 3).

Preferences ;l HODES

B Preprocessor
Element Type
Real Constants Material Edt Favorte Help

2 Material Props
Material Library
B Temperature Units peqiaterial Model Nurnber 1 = Faworites
B Electromag Units @ Linear Isotropic @ Structural
= i Linear
Convert ALPx 8 Elastic
Change Mat Num
Failure Criteria
B Write to File mLinear Isotropic Properties for Material Number 1
E Read from File
Sections Linear Isatropic Material Properties for Material Mumber 1
Modeling
Meshing
Checking Ctrls T
Numbering Ctrls « |Temperatures |0
Archive Model =
Coupling f Ceqn
FLOTRAN Set Up PRt 02
Multi-field Set Up

~ Material Models Defined Waterial Models Available

Loads

Physics

pa:;., Operations | Add Temperaturel Delete Temperaturel Graph | ———
= " : oK | Carcel | Help | —r

Puc. 3.3agaHHs MeXaHIYHUX BIIACTUBOCTEH MaTepiany CTePIKHS
7



5.41106y0o0sa zeomempuunoi mooeni cmeprcHs

s nmpukinany oOpanuii Bapiant Ne26

3 BukopuctaHHsaM MeHIo Preprocessor>Modeling>Create>Keypoints>
In Active CSy Bikni Create Keypoints in Active...(puc. 4) cTBoproemMo
YOTHPH KITFOYOBI TOUKH TOPIIEBOI MIOBEPXHI CTEPKHS 3 KOOPIUHATAMHU:

NPT Keypoint Number
X, Y, Z Location ...

NPT Keypoint Number
X, Y, Z Location ...

NPT Keypoint Number
X, Y, Z Location ...

NPT Keypoint Number
X, Y, Z Location ...

1
0 0 0

2
0.055 0 0

3
0.055 0.045 O

4
0 0.045 O

[Ticnsa ctBopeHHs KOkHOT TouKH HaTHCcKaemMo OK.

Main Menu ®

= Preferences = POINTS
3 Preprocessor
Element Type
Real Constants
Material Props
Sections
B Modeling
B Create
B Keypoints
# On Working Plane
A 0nLine
& On Line wiRatio
2 On Node
A KP between KPs
A Fill between KPs
KP at center
Hard PT en line
Hard PT on area
Lines
Areas
Volumes
Nodes
Elements

TYPE N

MPT  Keypoint number

SEP 1.
17

z

f)\Create Keypoints in Active Coordinate System

[K] Create keypaints in Active Coordinate System

%,¥,2 Location in active C5 [0 (EES IE |

[e]4 | Apply | Cancel | Help |

Contact Pair =

MEratrorhma 1

Puc. 4. CTBOpeHHsI KIIFOYOBUX TOYOK TOPIIEBOI TTOBEPXHI CTEPKHS

3 BukopucraHHsM MeH Preprocessor>Modeling>Create>Lines>
Straight Line ctBoproemo mpsmi JiHii MK Toukamu. s CTBOpEHHS
OJIHIET JIiHIT, TOYEProBO MUIIKOI BUOUPAEMO 2 CYCIIHI TOYKH, HAIPUKIIA
1rta 2inatuckaemo Apply. AHanoriuno cTBoproeMo peruty 3JiHii (puc. 5).

8



Mlain Menu )
1Preferences =l POINTS
1 Preprocessor TYPE UM
Element Type
Real Constants
Material Props 4 3 & pick " Unpick
Sections - .
& Modeling ) gingle { Box
o Create € Polygon ) pirele
Keypoints fafitocy
B Lines Cowst = O
HLines . . = Maximm = 2
Pa¥Straight Line| Minimam = 2
Aln Active Coord e
2 Overlaid on Area s %
A Tangent to Line } & Lict of Toeme
ATanto2Lines
A Normal to Line © Min, Hax, Inc
A Norm to 2 Lines
Z1 At angle to line
H Angle to 2 Lines -
Arcs
. 1) 4 Appl
Splines il
2 Line Fillet Reset | Cancel |
Areas
Volumes oemrr e e air| s |

Puc. 5. CtBopenns niHiit —pebep TopueBoi rpaHi CTep KHS

3 sBukopucraHHsM MeHio Preprocessor>Modeling>Create>Areas>
Arbitrary>By Lines 3 nonomoror MHIIKH, TOCTiIOBHO (32, abo mpoTh
TOIMHHUKOBOI CTPLIKHM), BimMigaeMo BCi 4oTHpH JjiHii i HatHckaemo OK
(puc. 6a). Y pesynbrari oTpEMaeMo moBepxHio (puc. 6 0).

a) Main Menu ®
Preferences = POINTS
Preprocessor TR
Element Type
Real Constants @ pick © Unpick
Material Props " 2 O —
. % single " Box
Sections
= Modeling (f: Polygon ) Girale
= Create Lacp
Keypoints coume = 4
Llnes Maximum = 4
= Areas — Minimam = z
& Arbitrary Line No. = 4
2 Through KPs
# Overlaid on Area Eox
Z % List of It
2 e
A By Skinning " Min, Max, Inc
# By Offset

Rectangle

Circle

Polygon

. [1):4 Appl:

A Area Fillet ﬂl
Yolumes Reset | Cancel
Nodes =
Elements mo ]| ms |



6) Ilain Menu &3]
1Preferences = POINTS
| Preprocessor TYPE HUM
Element Type
Real Constants
Material Props
Sections
Bl Modeling
B Create
Keypoints
Lines
B Areas
B Arbitrary
A Through KPs
Z Overlaid on Area
A
# By Skinning

Puc. 6. CTBOpeHHs MOBEPXHI TOPLIEBOI I'PaHi CTEP)KHS HA OCHOBI YOTHPHOX
JHIHA

3ayeancenna! He 3abyeaemo nepioouuno 3anucyeamu npoekm Ha
scopcmiuil ouck. Y ANSyseiocymus pynkuisn eiominu Kpokis.

BukopucroBytoun meHto Preprocessor>Modeling>Operate>Extrude>
Areas>Along Normal BigkpuBa€cMo BIKHO KOMAaHIH BHTATYBAaHHS
MOBepXHi B3I0BK HopMaii a0 Hei Extrude Area by Norm Hopmamrio mo
NOBEpXHi Top1, sika 3HaxoauThes y wiomuni OXY e Bice OZ. Mumkoro
BUJIUIIEMO TOBEPXHIO Ui BHUTAryBaHHA (puc. 7 a) 1 Hatuckaemo Apply.
ITicns mporo 3'sButhes BikHo Extrude Area along Normal(puc. 7 6) B
skomy y BikHi DIST Length of Extrusionsnucyemo Bijgiais BUTSATYBaHHS.
B manomy Bunagky — 1. ToOTO BUTATYBaHHS BiIOYAETHCS y BiA'€MHOMY
HanpsMKky oci OZ. Ile 3p0o06ieHO 3 METOIO 3aJIMIIUTH MOYaTOK KOOPAUHAT Y
TIONIMHI TTOBEPXHI BUTATYBAHHS.

a) Iain Menu @
& Preferences = LREAS
& Preprocesser TYPE MM
Element Type & pick  Tmpick
Real Constants _—
Material Props @leinale Clbox
Sections £ Polygon ¢ circle
B Modeling £ Loop
Create o o 1
B Operate Maximum = 1
B Extrude it - 1
Elem Ext Opts tves o - 1
O Areas
aAlong Normalllies -
A By XYZ Offset @ List of Items
A About Axis ¢ Min, Max, Ine
A Along Lines
Lines [
Keypoints
A Extend Line
Booleans Jﬂppl"
Scale Reset Cancel
Calc Geom ltems
MOVe f Modify Pick EIL Help

10



IMain Menu

E Preferences
8 Preprocessor
Element Type
Real Constants
Material Props
Sections
B2 Modeling
Create
@ Operate
8 Extrude
B Elem Ext Opts

6)

AREAS
TYPE NI

ANSYS|

R14.5)
SEP 14 2015
l8:l2:54
FA\Extrude Area along Normal
[WOFFST] Extrude Area along Normal
NAREA Area bo be extruded
DIST Lenath of extrusion

KINC Keypoint increment

1

B Areas
Pal~long Normallies
A By XYZ Offset

# About Axis
R Blamal i

Apply Cancel | Help |

Wain Menu

Preferences = VOLUMES
B Preprocessor
Element Type
Real Constants
Material Props
Sections
B Modeling
Create
B8 Operate
B Extrude
E Elem Ext Opts
B Areas
A long Normalliies
A By XYZ Offset
A About Axis
A Along Lines
Lines
Keypoints
Z Extend Line
Booleans
Scale

TYFE NUM

Puc. 7.CtBOpeHHS 00'€EMy CTEPIKHS:
a) BUIUICHHS TOPLEBOI TOBEPXHI I BUTATYBaHHs B310BXK oci OZ;
0) 3a7aHHs TOBKUHU CTEPXKHS [T BUTSTYBaHHS B310BxK oci OZ;
B) CTBOPCHHI 00'€EM CTEPIKHS IIISIXOM BUTITYBAHHS TOPIEBOI OBEPXHI
B310BX oci OZua 1M

[licna natuckanHs OK, mporpama cTBOpUTH 00'€M CTEpXHS 13
3aaHuMu po3Mipamu (puc. 7 B).

5.5 Tuckpemusayin moodeni ckinuennumu enemenmamu SOLID185

CrBopennii 06'eM crepxHs (puc. 7 B) HEOOXiTHO AMCKPETH3YBATH,
TOOTO po30ouTH Ha ckinyeHHi enementH (SOLID185),ski BosoAit0Th BciMa
HEOOXITHUMU /ISl MOJICIIIOBaHHS HAINPYKEHO-Ie()OPMOBAHOTO CYLITEHOTO
00'eMy XapaKTepHUCTHKAMH.

Bukopucroytoun meHto Preprocessor>Meshing >Size Cntrls>Manual
Size>Global>Sizey Bixkni Global Element Sizes3amaemo po3mip
CKiHUeHHOTO ejeMeHTa, y Bikui Size Element Edge Lengthmucyemo

11



po3mip 0,01m, To6TO 1 cM (puc. 8). Hatuckaemo OK.

B 1imoMy, TOYHICTh PO3PAaXyHKY 3aJICKHUTH BiJI CTYIICHS TUCKPETH3AITi.
YuM MeHIMK po3Mip eleMeHTa, TUM TOYHIIMHA po3paxyHok. IIpore,
HAJATO 3HAYHE 3MEHIICHHS PO3MIPIB EJIEMEHTIB MOXKE HPU3BECTH 0
3HAYHOTO 3OIJBIICHHS MAITHUHHOTO 4Yacy pO3paxyHKy 1, B OKPEMHX
BUTAKAX, 0 3MEHIIEHHS TOYHOCTI OOYNCIICHb.

Oco06muBOCTSIM PO3OMBKH MOJIENI HA CKIHYEHH] €JIEMEHTH NMPUCBIYCHUI
OKpEMUH PO3/IITT METOIWIHIX MaTepialiB TUCIIUILTIHH.

VY namomy Bunaaky posmip eaemenrta 0,01m € qoctaTHiM.

Miain Menu @
Preferences il VOLUMES
B Preprocessor TYPE NIM

Element Type
Real Constants
Material Props
Sections

Modeling
B Meshing
Mesh Attributes
B MeshTool
B Size Cntrls [ESIZE] dGlobal element sizes and divisions (applies only
SmartSize ta "unsized” lines)
2 ManualSize SIZE Element edge length
B Global b

= MDIY Mo. of element divisions -

B Area Cntris - (used only if element edge lenath, SIZE, is blank or zero)
Volu Cntrls
& Other

Areas
Lihes ok | Cancel

i

Keypoints

@1 avare

Puc. 8.3amanns po3mipiB (Biamasi MiX By3IaMi) CKiHUEHHHX €JIEMEHTIB

O0OupaeMo MeEHIO I PO30MBKM 00'eMy Ha CKIHYCHHI CIIEMEHTH i3
BKa3aHUMHU BUIIIC po3Mipamu Preprocessor>Meshing
>Mesh>Volumes>Mapped>4 to 6 sidetbuc. 9). Buminsemo 006'em
CTepKHS MHIITKOIO 1 Hatuckaemo OK.

Komanna Mapped>4 to 6 sidedmae 3mory po3dutu 00'eM Ha
"perymsapHy”, ToOTO BIOpSIKOBaHY CiTKy. Ha BimMiHy Bim BuUIbHOI Free
PO30MBKH, peryJisipHa CiTKa Ja€ TOYHIII Pe3yIbTaTH O0UHCIICHD.

VY pesynbTaTi BUKOHAaHHS BKa3aHOI KOMaHAM Iporpama posid'e o0'em
CTeprKHs Ha cKinueHHi enementu (puc. 10).

12



hain Manu @

Preferences =l VOLUMES
= Preprocessor TYPE NUM
Element Type
Real Constants Mesh Volumes |

Material Props

@ pick @ s
Sections
Modeling  single (" Box
B Meshing ' Polygen ( gircle
Mesh Attributes € Loop
MeshTool
Size Cntrls Coumt = 1
B Mesher Opts Mamimm = L
Concatenate Minimm = 1
2 Mesh E Volu No. = 1
A Keypoints
ALines & List of Iteus
Areas  Min, Max, Inc
= VYolumes
B Mapped I—
7
Concatenate e —
Del Concats spply

Puc. 9. Jluckperusaiiis 00'eMy Ha CKiHYCHHI €JIEMEHTHU PETYIISIPHOIO
(Mappeq ckiH4YeHHOETIEMEHTHOT CITKOIO

Main Menu @

E Preferences = ELEMENTS
B Preprocessor
Element Type
Real Constants
Material Props
Sections
Modeling
2 Meshing
Mesh Attributes
B MeshTool
Size Cntrls
Mesher Opts
Concatenate
B Mesh b
# Keypoints
# Lines
Areas
B Veolumes
= Mapped
A
Concatenate
Del Concats

Puc. 10. /IuckpeTnzoBanuii CKIHUCHHUMH €JIEMEHTaMHU 00'€M CTEPKHSA

5.63a0anna naeanmasicens

OtpuMaHy CKiHYEHHOEJIEMEHTHY Moieb cTepxHs (puc. 10) HeoOXiqHO
HaBaHTAXUTH. [|JI IBOTO CJIiZI KOHCOJIBHO 3aKPIUTH TOPIIEBY HOBEPXHIO,
TOOTO OOMEKHUTH 1i y IEPEMIIIEHHAX B3IOBXK BCIX OCEH.

13



Jns 1poro BHKOPHCTOBYETBCS KoMmaHaa MeHio Solution>Define
Loads>Apply>Structural> Displacement > On Aredguc. 11 a). ITicus
nosiBu BikHa Apply U,ROT on AreasnorpiOHO BUIUIUTH MHILIKOO
TopueBy nmoBepxHto crepxkHs (puc. 11a) i mHatucaytn OK. Ilicns uporo, y
Bikui (puc. 11 6) Bigmitutu All DOF i masnporu Value Displacement
valuesmucaru 0 i natucaytn OK.

a) Main Menu @
*references = ELEMENTS
*reprocessor
3olution
Analysis Type _—
S Define Loads & pick " Tnpick
Settings & Single ( EBox
= Apply " Polygon (" gircle
= Structural £ Loop
B Displacement
A 0nLines Count = 1
A Maximunm = 6
2 0n Keypoints Minimunm = 1
A 0n Nodes hrea Ne. = 1
A 0n Node Compon—
Symmetry B.C. % List of Iteus
Antlsymm B.C. " Min, Max, Inc
Force/lMoment
Pressure ||—
Temperature
Inertia _—
Pretnsn Sectn 0K Frrall
E Gen Plane Strain _l

Main Menu @& A
*references = ELEMENTS |
3olution [D4] Apply Displacements (L, ROT) on Arsas
Analysis Type Lah2 DOFs to be constrained
& Define Loads

Settings
B Apply

& Structural
B Displacement

Z0nLines
7
21 0n Keypoints AlDoF
oo
7 0n Node Componi— Apply as ICUnstant value
Symmetry B.C. IF Constant valus then:
Antisymm B.C. YALUE Displacement value
Force/Moment D
Pressure
Temperature o | sochy | cancel | o |
Inertia

1 Dratron Sartn
Puc. 11.KoHconbHE 3aKpiIUICHHS TOPIICBOI MTOBEPXHI CTEPKHS:

a) BUAUICHHS TIOBEPXHI I oOMexkeHHs ((ikcarrii) mepeMilieHs y BCix
HarnpsMKax; 0) 3aaHHs 0OMEKeHb MepeMillleHb BUIIICHOT IIOBEPXHi y BCiX
nanpsimkax (All DOF = 0)
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TakuM YMHOM, MU OTPHMAJTH CKIHYCHHOCIEMEHTHY MOJIEITb KOHCOJIBHO-
3aKPITUICHOTO CTAIBHOTO CTEPKHSI.

HacTynmHUM KpOKOM € HaBaHTa)KCHHS MPOTHJICKHOI YACTHHU CTEPIKHS
BEPTUKAIbHUMH 3yCHWJJISIM, HampaBiIeHUM "BHH3", TOOTO MPOTUIIEKHO
HanpsMky oci OY.

Jlns  1mporo  BHKOPHUCTOBYEMO MyHKT MeH0  Solution>Define
Loads>Apply>Structural>Force/Moment>On  Nodesi Buninsgemo
MHUIIIKOIO BY30JI IOCEPEAUHI BEPXHBOIO pedpa MPOTHIICHKHOI TOPICBOI
noBepxHi crepxus (puc. 12a). Hatukaemo OK.

Iain Menu @

a) ferences = ELEMENTS ANSRYE
‘processor HAT HU SEP 14 2015
lution 22:16:00
Analysis Type
Define Loads
® Settings
= Apply & pick " Unps

B Structural
Displacement
B Force/Moment
2 0n Keypoints
v
2 0n Node Components _|
E From Reactions
E From Mag Analy
Pressure
Temperature

@ single (" Box

© Palygon (" cire
€ Loop

Count
Maxinun
Mininun

Node Na.

Inertia ¥ List of Items
E Pretnsn Sectn
) € Hin, Max, T
E Gen Plane Strain R TR
Other [
Field Surface Intr
Field Volume Intr D —
Initial Condit'n & | aepis
6) Main Wenu ®
ferences E ELENENTS ANSR:(&
‘eptr_ocessor MAT HNUM SEP 14 2015
ution

2z2:19:04

Analysis Type

Jefine Loads

Settings

2 Apply

8 Structural
Displacement
B ForceiMoment

2 0n Keypoints

aJon Nodes|

F

F4\Apply F/Mon Nodes

[F] Apply Fatce(Moment on Modes

A 0nNode Components_| Lab  Direction of forcefmom m

B From Reactions apply o5 [

E From Mag Analy onstant value
Pressure IF Constant valus then:
Temperature WALLE Forcefmament value
Inertia
E Pretnsn Sectn

o | ety | el | e |

E Gen Plane Strain
- A

Puc. 12.HaBaHTa)keHHs By3J1a BEPXHBOTO pedpa MPOTUIICKHOT TOPLIEBOT
noBepxHi crepkus 3ycuwusiv 5000H, a6o 0,0056MH

VY Bikai Apply F/M on Nodes(puc.12 6) cmixg BkazaTu HampsMOK
sycwmis FY 1 smauenns sycwmuis VALUE Force/moment Valuey
METaHBIOTOHAX, OCKUIBKH MOJYJb MPYKHOCTI Marepially MH 3a/aBajid y
Meramackansx. Y Hamomy Bumaiky 3ycwurs y 500 Kr = 500H =
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0,005VH.

Brucyemo 3nauennst (— 0,005) i3 3makom
HNOBUHHO OyTH cnipsimoBane npotu oci OY (puc. 126) i Hatuckaemo OK.

, OCKUIBKH 3yCHULIS

Yeaza! Ilpu 3a0anni nasanma’ricenv HeoOXiOHO OOMPUMYBAMUCH

po3miprocmeii!

Ha nanomy

eTari
HaBaHTaXeHOW. HacTymHum
ne(hOpPMOBAHOI'O CTaHYy.

5.7 Po3paxynox

CKiHUEHHOEJIEMEHTHA
KPOKOM €

MOJIEIb
PO3paxyHOK

CTEpXKHS €
HampyXeHO-

Jl1st BUKOHAHHS TIOCTaBJICHOI 3a/1a4i — BU3HAYCHHSI 3yCHILISA, TIPU TKOMY
y HaOLIBII Hampy>KEHOMY Iepepi3i CTEp)KHSI IHTEHCHUBHICTh HampyKeHb
Jocsrae Oy = 200MIla HeoOXiqHO 3MIHCHUTH MOKPOKOBE HABAHTAXKCHHS
MOJIEHI CTEPXHS, TOOTO PO3AINTH HaBaHTAXKEHHS Ha JICKUIbKA TAKPOKIB,
manpuknan Ha 10 (puc. 13).

Mviain Menu @

& Preferences =
Preprocessor
B Solution
B Analysis Type
E New Analysis
B Restart
=
Define Loads
Load Step Opts
SE Management {CMS)
B Results Tracking
Solve
Manual Rezoning
Multi-field Set Up
ADAMS Connection
Diagnostics
E Unabridged Menu
General Postproc
& TimeHist Postpro
& ROM Tool
Prob Design
Radiation Opt
& Session Editor —
& Finish o

I I

[Dicl a maniiitam ar antar a cammand

TA\Zolution Controls

Basic ] Transient So\‘mOptlonS} Maonlinear ]Ad\/amcedNL

~ Analysis Cptions

|Large Displacement Static j
I Calculate prestress effects

[~ Time Control
Time atend of loadstep |1—
Automatic time stepping  |On j
& Number of substeps
 Time increment
Number of substeps lmi
Max no. of substeps ISO—
Min no. of substeps lwoi

- Wvrite ltems to Results File

@ All solution items

 Basic quantities
7 User selected

Frequency.

[write every substep -

where N = |1

Puc. 13.BcraHoBNeHHS OMNIiH PO30UTTS KPOKY HABaHTaKEHHS Ha

T IKPOKH

Jns poro BHKOpUCTaEMo MyHKT MeHto Solution>Analysis Type>Sol'n
Controls y sikomy BCTaHOBHMO TaKi OIIIIi:
- Benukux mepemimens Analysis Options — Large Displacement

- yac 3aBeplueHHs kpoky Time at the end of loadstep 1;
- aBTOMaTW4HE po30MTTA Ha migkpoku Automatic time stepping On;
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- craBuMo BiaMiTKy HaBnpot Number of substeps

- BCTAaHOBIOEMO KinbKicTh miakpokisB Number of substeps 10;

- MakCUMaJbHa KiIbKicTh minkpokiB Max no. of substeps 50;

- MiHIMaJIbHA KUTBKICTB miakpokiB Min no. of substeps- 10;

- 3aIUC PE3YJIBTATIB y TIaM'SATh IicIs KOKHOTO MiTKpoKy Frequency—
Write every substep.

Haruckaemo OK.
Jns MoYaTKy

hain Wenu

pO3paxyHKy BHOHMpaEMO IIYHKT MEHIO
Solution>Solve>Current LSHaruckaemo OK (puc. 14).
®
[El ELEMENTS

B Preferences
Preprocessor
2 Jolution
Analysis Type
Define Loads
Load Step Opts
SE Management (CMS)
Results Tracking
B Solve
FromLS Files
Manual Rezoning
Multi-field Set Up
ADAMS Connection
Diagnostics
Unabridged Menu
General Postproc
TimeHist Postpro
ROM Tool
Prob Design

MAT N

F

mSBlve Current Load Step

[SOLVE] Begin Solution of Current Load Step

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

0K | Cancel

Puc. 14.TlouaTok po3paxyHKY

Ilicis 3aBepieHHS pO3paxyHKy Ha €KpaHI 3'IBUTHCS BIKHO 3
nosizomieHHsM Solution is dongpuc. 15).

Ivlain Menu

®

& Preferences
Preprocessor
& Solution
Analysis Type
Define Loads
Load Step Opts
SE Management (CMS)
Results Tracking
B Solve
=
From LS Files
Manual Rezoning
Multi-field Set Up
ADAMS Connection
Diagnostics
Unabridged Menu

&l
Time = 1

Filnote [ <]

Lz
|
@ Solution is done CRIT

Lz

1.0E-03

1.0E-0&

1.0E-08

iolute Conwverg

Puc. 15.1loBimoMieHHs PO 3aBEPLICHHS PO3PaXyHKY
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5.8 Bugeoenns pesynromamie po3paxynKy

Jnist mepernisiy pe3ylbTariB po3paxyHKy B ANSySnepe0aucHo BeJInKa
KUIBKICTh OMMIiH. 3pydHUM JJIsl Bi3yaJIbHOTO BiIOOpaKCHHS PE3yJIbTaTiB €
MOIyJb Teperyisaay MeHto mnoctiponecopa General Postprog>Results
Viewer (puc. 16).

Main Menu ®

Preferences =

Preprocessor

Solution

B General Postproc
E Data & File Opts
Results Summary
Read Results
Failure Criteria
Plot Results
List Results
Query Results
E Options for Outp
=)

MNodal Cales

Puc. 16.Buxkinuk mporpamu meperisany pesynbrarie Results Viewer

V Bikni Results Viewemictursest yBech Habip OIMIi# IS HEPETIILY
Pe3yAbTATIB PO3PAXYHKY CKJIATHOTO HAMPYXKEHO-Ae(HOPMOBAHOTO CTaHY:
MepeMilleHHs, HallpyXeHHs, Ae(opmaliii, TOIo.

Jnis mpukiaxy BUOHpAEMO IHTEHCHBHICTH HAIPY)XKeHb Stress intensity
HaTtrckaemo =# (puc. 17).

Lot viewer —prokepehmatest
Mi File Edt View Help
| [Stress intensity [[contowr ] =] =] 3] B
Favorites =
& Modal Solution
DOF Solution
i Stress
@ X-Component of stress
@ Y-Component of stress
@ Z-Component of stress
@ XY Shear stress
@ YZ Shear stress
g XZ Shear stress
g st Principal stress
& 2nd Principal stress
& 3rd Principal stress

Z
Puc. 17.Bu0ip pe3ynbTaTiB po3paxyHKy IHTCHCUBHOCTI HalpyXKeHb Stress
intensity
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[MToB3ynkom (puc. 18)MoxHa BUOpATH MiAKPOK HABAHTA)KECHHS.

e S |
M File Edit Visw Help
ElHStress intensity j |Contour j ﬂﬁlﬁl|@|ﬁlﬁlﬁl i i @” gl

T+« [PotRous)

M or [ [T

Puc. 18.Bubip migkpoky HaBaHTa)KCHHS

Ha mnepmomy minkpomi HaBantaxkeHHs (500 H) wmakcumanbHi
HanpyXeHHs cararoth 26,759MI1a (puc. 19).

ANSYS
NODAL SOLUTION R14.5]
FilResults Viewer - Praktychnalrst [%ls 2015
Fle Edt View Help 1a6:48
‘ﬂI”Stressmtenswty =] |contour j:lﬁlf_—sl|@”§|ﬁlﬁl_l | &l =
1
T i i i i ] ] |
ol [ 11
0
|
L 138612 5.05427 11. 5699 2
3.09644 26.7591
Praktychna 1

Puc. 19.Pe3ynbrati (1osie HanpyxeHb) pO3paxyHKy iHTCHCUBHOCTI
HaIpy>KCHb Ha MIEPIIOMY ITiIKPOIll HaBaHTAKCHHS

[lepemimyroun TOB3yHKOM MiJKPOKHM HaBaHTaXeHHs Yy Oik ix
30UTBIIIEHHST BHUIHO, IO HANPY>KCHHS Y CTEp)KHI 3pocTaroTh. HaiOimbmi
HaIPY)KEHHS BUHHUKAIOTh Y MiCIli KOHCOJIBLHOTO 3aKPIiTUICHHS Ha BEpXHIN Ta
HIDKHIN TpaHsax cTepxkHs. Ha BockMomy minkpor HaBanTaxeHnHs (4000H)
HanpyxeHHs Bxke mepepumyrote 200 MIla (puc. 20). To6To0, 3rimHO
IOCTABJIEHOI YMOBHM 3aJadi, MaKCHMalbHE MpPUKIAAEHEe 3yCWIII He
noBuHHe nepesuinysatu 4000H.
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ANSYS

NODAL SOLUTION R14.5
FiYResults Viewer - Praktychnal.rst [x1|s 2015

Fle Edt View Help

Bl e fecme 3 =l08 80 B =11 o) e
[ os[ i[5

1.12298

48.4621 95.8013 143.14 190. 46
24,7926 72.1317 118,471 166.81 214.149
Praktychna 1

Puc. 20.Pe3ynbrati (1osie HANPy>KeHb) PO3PAXYHKY iHTCHCUBHOCTI
HAMpPy»CHb Ha BOCBMOMY ITiJIKPOIli HABAHTAYKCHHS, KOJIH BOHU
nepeuiytots 200MIla

5.9 Bugeoenns kpueux poznooiny nanpysscens (0epopmauii,
nepemiugens) 63006¢ 0eaKoi Hanepeo su3Hauen ol Tinii

BukopucroBytoun myHkt MeHro PlotCtrls>Elements BuBogumo Ha

eKpaH CKiHUEHHOEIEMEHTHY MOJENb cTepkHs (puc. 21).
Plot PlotCrls WorkPlane Paramsters Macro MepuCtrls Help

Replot

Keypoints 4
Lines [

H
Areas J
Volumes

Specified Entifies  *[ AN!

Nodes mH SER 15 2
Elements 10:16
Layered Elements

Materials
Data Tables
Array Parameters ...

Results
Multi-Plots
Compaonents
Parts

le

Puc. 21.BuBeneHHs Ha ekpaH CKIHUEHHOCIEMEHTHOI MOJICI CTePIKHS
20



34nTyeMO  pe3yJbTaTH  PO3PaXyHKy Ha  BOCBMOMY  MiAKPOLI
HaBaHTa)keHHS BukopucroByrounm General Postproc>Read Results
Mumikoro Bigmivaemo 8 mifkpok, Hatiuckaemo Readi Close(puc. 22).

P [A\Results File: Praktychnal.rst

Main Menu
. Available Data Sets
Preprocessor [E;
Solution Set Time Load Step Substep Curnulative

®© General Postproc 1 0.10000 1 1 2
B Data & File Opts 2 0.20000 1 2 4
B Results Summary 3 030000 1 3 6
G Read Results 4 0.40000 1 4 8
B First Set 5 0.50000 1 5 10
2 Next Set 6 0.60000 1 6 12
B Previous Set 7 0.70000 1 7 14
BLastoet 0.80000 1
= d st 9 0.90000 1 9 15
Y -oad Biep 10 1.0000 1 10 20

B By TimeiFreq

& By Set Number

E FLOTRAN2.1A L
Failure Criteria
ot Results
st Results

Query Results

E Options for Outp Read Next Previous
B Results Viewer

Nodal Cales

lement Table Close Help

ath Operations
urface O i It

Puc. 22.3untyBanHs pe3ynbTaTiB 8T0 MiAKPOKY HABaHTAKEHHS

Jns 3amaHHsS  JiHIT B3JOBX SKOI MOTPIOHO MOOYIyBaTH KPHUBY
pO3MOMINY  HAMpyXEHh BHKOPUCTOBYEMO TyHKT MeH General
Postproc>Path Operations>Define Path>By Nodgsc. 23).

Ilain henu @ i
Preferences = ELEMENTS

Preprocessor AT I

Solution

B General Postproc
Data & File Opts
Results Summary
Read Results .
Failure Criteria
Plot Results % pick " Unpick
List Results —_—
Query Results
B Options for Outp Cleolvoon £igizale
Results Viewer O toop
MNodal Calcs

& Single ¢ Box

Element Table ;::;um i im
B Path Operations e~ 2
& Define Path -
}. Node Mo, = 148
B On Werking Plane B s o6 260
B By Location
Path Status " Min, Max, Inc
B Modify Path

B Path Options

Delete Path

Plot Paths Praktychna 1 -
=l = PPN T YT =l Apply

Puc. 23.MeHnro cTBOpEeHHS JIiHIT MiX By3/1aMH MOJEINI, B3IOBXK AKOi OyIyTh
noOy1oBaH1 KpHBI PO3MO/LTY HAaNpyKeHb (nedopmartiii ToIo)
21



Bkaszyemo mepumit (puc. 24) i npotwiexuuit (puc. 25) By3znu niHIT 1
HatuckaemMo OK. [l 3pydHOCTI CIlIii BHKOPHUCTOBYBATH I1HCTPYMEHTH
MacITadyBaHHs MOJIEN, SIKi 3HAXOASTHCS MPaBOpyd poOOUOTro BiKHA.

Main Menu ®

Preferences = ELEMENTS

Prepr_ocessor MAT HUM SEp 15 3015
Solution

10:18:38
B General Postproc

& Data & File Opts
& Results Summary

Read Results

& pick " Unpick
Failure Criteria
Plot Results @ Single € Box
List Results _| (0 alan (o) (et
& Query Results £ Loop
B Options for Outp -
& Results Viewer Coune = Z
Nodal Calcs Maximim = 4242
Element Table Minimm = 2
2 Path Operations Hode Ho. = 16
& Define Path —_—
B2lEy Nodes] # lise of Tcens
B On Working Plane  Min, fax, Ine
E By Location
Path Status I
B Modify Path
E Path Options O —
Delete Path prard J—
E Plot Paths
St : |

Puc. 24.BunijaeHHs nepuioro By3ia JiHil

Main Menu ®
Preferences = ELEMENTS
Preprocessor MAT NDI
Solution

& General Postproc
& Data & File Opts

& Results Summary

Read Results @ pick  Tapd ok
Failure Criteria m
Plot Results -

List Results | - Polygon (% circle
Query Results Loy

& Options for Outp

J Count =z
& Results Viewer Maximum = 4242
Nodal Calcs Minimum = 2
Element Table Hode No. = 58

B Path Operations
8 Define Path
A
0On Working Plane
B By Location

@@ List of Items

 Min, Max, Inc

Path Status | I
B Modify Path [
Path Options
Delete Path ﬂl
Plot Paths Resar | cancel |

Puc. 25.BunijaeHHs MPOTHIICKHOTO By3JIa JTiHIT

V BikHi, mo 3'sButkcs (puc. 26) HaBnmporn Name Define Path Name
BIHCYEMO JIOBUIBHY Ha3By JiHil, Hanpukiaa "line". 3HaueHHS KOMipOK
KiTbKOCTI HabopiB mamumx NSetsta momimy mimii NDiv 3ammmaemo "3a
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3amoBuyBaHHsAM" 301 20 BignoBiHO. Y CKIATHINIAX MOACIAX I1i 3HAYCHHS
MO>KHA 301TBIITYBaTH.

hlain Menu @
& Preferences 1= ELEMENTS
Preprocessor MAT MM

a1

Solution

B General Postproc
Data & File Opts
Results Summary
Read Results

f4\By Nodes
[PATH] Define Path specifications

Mame  Define Path Mame :

List Results
Query Results
& Options for Qutp
B Results Viewer
Nodal Calcs
Element Table
B Path Operations
B Define Path
la
On YWorking Plane
B By Location

nSets Mumber of data sets

nDiv  Kumber of divisions

w|[
g5 a

Cancel

Puc. 26.BikHo 3amaHHs iMeHI JIiHIT Ta 11 AUCKpeTH3ALlil

3 BukopuctaHusM meHro Map onto Path(puc. 27) Bkazyemo, ski aaHi
CIiJ BUBOJUTH Ha KpUBid. B Hamomy BHUINaJKy iHTEHCUBHICTH HaIPy:KEHb
Stress — Intensity SINTKpim Toro, y komipky masnporu Lab User label
for item BBOAMMO NOBiNBHY Ha3By pe3y/bTaTiB BHBEACHHS, HAIPHKIA]

Sint (puc. 27).Hatuckaemo OK.

Main Menu @
& Options for Outp = | ELEMENTS ANSmYnSS
5 Results Viewer

Nodal Calcs
Element Table
2 Path Operations
8 Define Path
7 By Nodes
On Working Plane
E By Location
Path Status
B Modify Path
E Path Options
Delete Path
& Plot Paths
& Recall Path
=
Plot Path ltem
& Linearized Strs
& List Linearized
B Add
B Multiply
B Divide

[PDEF] Map Result Items onto Path

Lab User label For item

DOF sohution

Item,Comp Item o be mapped

B Exponentiate

[APRIN] EFF MU For EQY strain l:|
Awerage results across slement v ves
[#PBC] Show boundary condition syrmbol
Show path on display I No
oK Apply Gl | Help
T AT T

Puc. 27.BuGip pe3ynbTaTiB po3paxyHKy Ui HOOYA0BH KPUBOI

Jlns BUBEJCHHS KPUBOI PO3MOALTY IHTEHCHBHOCTI HANPY)XEHb B3/I0BK
BKazaHol JiHii BHKopucTtoByemo Path operations>Plot Path Item>On
Graph (puc. 28).V sikui Plot of Path Iltems on Graphsuzginsemo im's
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nmanux SINT, sxe mu 3aganu B nonepeaHboMy myHKTi. Hatuckaemo OK.

MWain Menu ® ANSYS
B Options for Qutp - ELEMENTS A
& Results Viewer HAT NN

SEP 15 2015

Nodal Cales 10:19:31

Element Table
= Path Operations

Define Path
Delete Path
E ;Ieo(:aplla;';fh [PLPATH] Path Plot on Graph
B Mﬂp onto Path Labi-6 Path items ko be graphed
B Plot Path Item

B On Geometry

E List Path ltems

Path Range f
B Linearized Strs canel |
H List Linearized
B Add
B Multiply
E Divide
B Exponentiate
E Differentiate
B Integrate
H Cosine
E Sine

Puc. 28.11o6ynoBa KprBOi pO3MOALTY iIHTEHCUBHOCTI HAIIPY>KEHb B3/I0BX
Harepe 3a1aHoi JiHil

VY pe3ynbTaTi Ha €KpaH BHBOAUTBHCS KpPHBAa PO3MOJIN iHTEHCHBHOCTI
HANpyXeHb B3I0BX 3a1aHO]I JIiHil HAa BepXHiil rpaHi crepxHs (puc. 29).

hgin henu @ ANSYS
Preprocessor > POSTL ot
Solution STEP-1 SEP 15 2015
O General Postproc ﬂﬁmzﬂa 10:25:29
B Data & File Opts =
& Results Summary ;ﬁ,fi‘,f;“
ead Results NOD2=58
ailure Criteria SINT 18112
lot Results
ist Results
Query Results
Options for Dutp — 124.425
Results Viewer
Nodal Calcs
Element Table oe-e32
Path Operations 57.702
Define Path
Delete Path
E Plot Paths w92
B Recall Path 11029
E Map onto Path 1 Lt . ] 5 L
& Plot Path ltem : : :
8
E On Geometry
List Path Items
Path Range Praktychna 1

200,008

182,207

192,208

105528

=]
=]
a8

45521

Puc. 29.KpuBa po3moiay iIH-TECHCUBHOCTI HAIIPYKEHb B3IOBXK HaIepeI
3amanoi JiHii

3 puc. 29 BUAHO, MO0 MAaKCUMaJIbHOTO 3HAYCHHS IHTCHCHUBHICTh
HaIPY>KEHb JTOCATAETHCS HE y MICIl KOHCOILHOTO 3aKPITUICHHS CTEPXKHS, a
Ha aesikii Bignani (mpuommuzHo 0,05m) (nus. puc. 30).
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Fle Edt View Hel

QIHStreSS intensity
I

15 2015
0:27:21

M =1, 1227
SMX =Z14.1490

1.12298

. . 143. 14 150. 48
24,7926 72,1317 119,471 166. 81 214,148
Praktychna 1

Puc. 30.ITose po3moaiay IHTEHCHBHOCTI HAIIPY>KEHb O1JIs1 MICIIS
KOHCOJIBHOTO 3aKPiTUICHHS CTCPIKHS

Pizke 3pocTaHHS IHTEHCHBHOCTI HAIPYXXEHb y TMPOTHICKHOMY KiHITI
TiHi{ € pe3ynbTaToM BUHUKHEHHS JIOKaJIbHUX HAIPy>KEHb B OKOJII By3J1a J0
SIKOTO MIPUKJIaJieHe 30BHIIHE 3ycuuis (puc. 31).

File Edit Yiew Help

EHISlress intensity =|[contour -] ﬂﬂﬂ\@”@ﬁlﬂJ H
[ |

—E

N =1. 1229

BME =214.149%

143,14 190.48
119.471 166.81 214.149

Puc. 31.11one po3moaiiay iHTEHCUBHOCTI HAIIPY>KEHb B OKOJII By3Jia
NPUKIIaIAaHHS 3yCHILIS
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