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3AT'AJIBHI ITOJIOKEHHA

Po3paxyHkoBo-rpadiuHy poOOTy CTyIEHT T[OBMHEH BHKOHATH 3a
1HUBIIyaJbHUM 3aBJaHHSM, YMOBA SIKOTO BHM3HAYA€THCS 3TIHO 3 MIHUPPOM,
BHJIaHUM BUKJIafa4deM. BuxigHi nani (po3paxyHKOBI CXEMU Ta YUCIIOB1 3HAYCHHS )
CTYJEHT BUOUpae 3 104.1 3a BIacHUM MIKU(PPOM y BUIIISAl TPU3HAYHOTO YHUCIA.

[TosicHeHHst Ta poO3paxyHKH TOTPIOHO BHKOHYBATH Ha KOMITIOTEpi 3a
goromororo MS Word. Jlns KoKHOro 3aBIaHHs HaBEAEHO IUIaH Ta pEKOMEH 1Al
I0/I0 BUKOHAHHS TTOETAITHOT'O PO3PaXyHKY.

OdopmtoeTbest po3paxyHKOBO-TpadiuyHa pobdoTa Ha apkymax ¢opmaTy
A4, ki CKPIIUTIOIOTHCA 3J1Ba. TUTYJIBHUM apKyll poOOTH O(QOpMITIOETHCS 3a
3pa3koM (IuB. 101. 2).

META POBOTH

O3HalOMUTH CTYJEHTIB 3 0a30BUMHM MOHATTAMH Ta METOJAMH Teopii
NPYXKHOCTI;  OCHOBHHMH TIJAXOJaMU Ta TMpUHIUNAMU poOotu B ANSYyS
Workbench; nagatu npakTryHi HaBUYKH MMPOBEICHHS 1H)KEHEPHHUX PO3PaXyHKIB
meTosioM ckiHdyeHHuX eiemeHTiB (MCE) Ha MilIHICTb, ®KOPCTKICTh Ta CTIHKICTb;

HaBYUTH MPOBOAUTH OOpOOKY Ta MEepeBIpKY OTPUMAHUX YMCEIIbHUX PE3yJIbTAaTIB.

TEOPETHYHI BITIOMOCTI

ANSYS - yHiBepcasbHa TIporpamMHa CHCT€Ma aHajli3y METOJ0M
ckinueHHux enemMeHTiB (MCE), 110 icHye 1 pO3BUBA€ThCS MPOTATOM ocTaHHIX 40
pokiB. ANSY'S mmpoko 3acTOCOBYEThCS y chpepl aBTOMATH30BAHUX 1HKEHEPHUX
po3paxyHkiB (CAIIP, abo CAE) i1 pimenns MCE niHIHHUX Ta HENHIWHUX,
CTalllOHAPHUX  Ta  HECTallOHAPHUX  MPOCTOPOBUX  3aJady  MEXaHIKH
neOpMOBAHOTO TBEPAOr0 TUIa Ta MEXaHIKU KOHCTPYKIINA (BKJIIOYAIOUH
HECTalllOHApHI TEOMETPUYHO Ta (I3UYHO HENIHIWHI 3aBJaHHS KOHTAKTHOI
B3a€EMOJIi €JEMEHTIB KOHCTPYKIIi), 3aJad MEXaHIKM pIAUHU Ta rasy,
TEIUIonepeayi Ta TEII000MIHYy.

[IporpamHuii KOMIUIEKC OXOILUTIOE€ MPAKTHYHO BCl BHIU 1HXKEHEPHOTO
aHami3y: BIJ MEXaHIKM TBEPAOro Ne(OpMIBHOIO Tijia 1 TEIJIOBOTO aHaji3y A0
TiIpOra3o/lMHaMIKM 1 aHalli3y MpPOIECiB TOPIHHS, BUOYXIB, TEIJIOOOMIHY 1
(ha30BUX MEPEXOIiB, eICKTPOIUHAMIKH.
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3ABAAHHSA Ne3. JOCJIIAKEHHA IIJIOCKOI'O
HAIIPYKEHOI'O CTAHY BAJIKU-CTIHKH B IIK ANSYS

Jlns  Ganmku-CTIHKHM, 300pakeHOI Ha CXeMi, JIOCTIIUTH HampyXeHo-
nedhopMoBaHM cTaH. BU3HAUWTH TOJIOBHI Ta €KBIBAJIGHTHI HAIIPY>KEHHS B TOUIII
K Tta mepeBipuTH iX 3a JOMOMOTo (OpMYIJ HAMPYKEHOro CTaHy TOYKH. J[is
MO/JICTIOBaHHS BUKOPHUCTATH TUIOCKY Ta MMPOCTOPOBY MOJIEII.

Hano: a=1m,
F=1xH/ m,
q=1xH | m* =1xlla,
t =200 mm ,

beron C16/20

3.1. TeopeTuyni BizoMocTi

Po3paxynkoBa Mopens «banka-cTiHKa» BIHOCUTBCS 1O TUIOCKOI 3ajadi
Teopii TPYXKHOCTI, a camMe IUIOCKOTO HampyKeHoro crtaHy. B 1t mopemi
HaIMPYXKEHHS HAa MallaHuMKaX, MapajielbHUX J0 TPaHel TUIACTHUHH, BBAXKAIOTHCS
PIBHUMH HYJIEBI, a 1HIII HAMIPY>KEHHS PIBHOMIPHO PO3MO/IiJIEH] 3a TOBIIMHOIO. [le
JIa€ MOXKITUBICTh 3MEHIIIUTH KIJIbKICTh HEBIIOMUX, CIPOCTUTH OOUMCITIOBAIbHUIMA
npoiiec.

Posrinsaemo ToHky mmactmHy —— <10, wHaBaHTa)kenHy cuiamu,
a

MPUKIIAJEHUMH J0 ii O19HOT MOBEPXHI B IUIOIIKHI CEPEIUHHOI TOBEPXHI TNIACTUHU
(puc. 3.1).

[Ipy TakoMy HaBaHTOXKCHHI HOPMAaJIbHI 1 JOTHYHI HANpPYXEHHS Ha
30BHIIIHIX TOBEPXHSAX BIACYTHI. OCKUIbKH TUTACTHMHA TOHKA, BBAKAEMO, 1110 BOHU

HYJIbOB1 10 BC1{ TOBIIHHI

o,=1,=1,=0. (1)

o, =0,(x,y), o,=0,(xy), 7,=7,(x)). (2)



Puc. 1. [Tnockuit Hanpyxenuii cran (Plane Stress)

Takuii HaNpy»XEHUN CTaH HA3UBAETHCS MIOCKUM HANPYIHCEHUM CHIAHOM,

OCKUTbKU HAIpPY>KEHHsI PUCYTH1 JIMIIIE B OJHIN TUIOMMHI. BBaxkaemo, mo iHmi

HaANPYXEHHS TAKOXK HE 3MIHIOIOTHCS 110 TOBIIMHI. X04a HAMPY>KEHHS B HAPSAMKY

oci Z BIJACYTHI, nedopmallii &, MPUCYTHI:
1 M
&, = E(O-z - :u(o-y + O-x)) = _E(O-y + O-x)'

3akoH ['yka 3anucyeThcs y BUTIIAI

1 ) 1 _ 2(1+ u)
€X=E(O'x—ﬂ0'y), 8X=E(O'y—ﬂ0'x), 7/xy=TTxy-
yyzzoi nyZO'

CmisBignomenss Kormn:

o ov u v
€X(x’y):&’ 8y(x’y):g’ }/yX(x’y):E—i_a.

nx

N Ockinbku HaIpPYXEHHS
' v 3aJIeXKATh BijI KOOPIMHATH

piﬂ
Ua_t' \ \Z” qudepeHIiaibHUX PIBHAHb PIBHOBaru
Ty P 3QJIMIIAE€THCS ABA

(3)

(4)

()

HE
Z,

T
x 62.
C’J %+—VX+FX:O;
OX oy
or,, 00,
0 X —+—+F, =0. (6)
OX
Puc. 2 . HaBanTaxeHHd Ha Tyr Fy, Fy_ MacoBl CHJIM Ha OJJMHUIIIO
MOBEpXHi TiNIa 06’ eMmy.



3anuiieMo rpaHUyHi YMOBH MPH 33JaHUX HA MOBEPXHI HABAHTAXEHHSIX

(n=(ny,n,,0) — BexTop Hopmanmi j0 moBepxHi, P =(pPp,Pn,0) — BexTOp
MOBEPXHEBUX HABAHTAXEHB) (pHC. 2):

O'an-i-‘[xyny:pnx; z.xynx-i_o-yny =pny' (8)

OT)I(G, pOBB’HSaHHﬂ 3az[at1i 3BOJAUTHCA A0 IIOIIYKY ABOX nepeMimeHL uv,

TPBOX Ae(opMaLiil £, €y, Vv, Ta TPOX HALIPYXKCHb O, Oy, Ty, .

3.2. Moneas 1. Ilnockuii Hanpy:kenuii cran (Plane stress)

1) [MonepenHi HaMAITYBAHHSI.

Kpok 1. Ilepersryemo momyns Static Structural y mome Project Schematic.
[TepeiimenoByeMo Ha “Mognens 1. Plane stress”.

Kpok 2. IIpu Buginenni mogayns Geometry 3’sBisierbest Tabmuns Properties of
Schematic A3: Geometry, BcranoBiroemo Analisis Type — 2D, mo6 B
MOJIATILIIIOMY 3a/IaTH IJIOCKUH HANPY>KEHU cTaH (0aJIKy-CTIHKY).
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Kpok 1. BiakpuBaemo SpaceClaim, o6uparoun Geometry-m.x.m.-Edit
Geometry in SpaceClaim. Select New Sketch Plane — odupaemo miomuny XY
— Plane View (qBoBuMipHHI pO3paxyHOK 3aBKIH MPOBOIUTHCS B TuIomuHi XY).

Kpoxk 2. ¥V Bxnaami Sketch-Create 3a nonmomoroto inctpymenra Line ctsoproemo
citky 3 kpokom 1000 mMm. dikcyemo posmip Dimension (po3mipu MoxHa
penaryBatu). Hatuckaemo End Sketch Editing mo6 3aBeprmtu reomerpito.
3akpuBaemo cepenopuiie SpaceClaim.

AsStatic Structural - Design - SpaceClaim

Design  Display  Assembly Measure  Facels Repair  Prepare  Workbench  Detail  ShestMewl  Tools  KeyShot  Ansys Motion

¥ L) — 0870 XN S 1 |
PLE Brave] MO T S0~ sem|F st o & R F kS EHESIEIm n:sémh

3 e ~ 7 A Select
Line JCircle Rectangle ., <3 o B 5 Dimension] ) 4] J~ W Autoconstrain . Pull  Move  Fill Seeteh Editing

Clipboard Orient Create Modify Constraints Edit End Sketct

Opficns - Dimensicns

= B - Click a reference to start creating dimension. Ctrl+Click two objects to create a virtual point or line
Dimension Orientation 1 An sys
i | 2024 R1
Aligned rrrmmmrrr
Horizontal STUDENT
Wertical
1000mm
1st Reference Orientation
® Auto
Options - Dimen ‘ Struct. Layers Selec Groups Views
Properties
v Amows
v Amow 1 Siyle ] Defautt 100hmn
Length Defauilt
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~ Amow 2 Style [] Defautt
Length Default
Width Default
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Value 1000om || Tt
v Precision
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¥
4
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Ll YAl
|F‘r5p5ﬂ\es ‘ Appearance I\ Design” x J 4bx

Click a reference to start creating dimension. Ctri+Click two objects to create a virtual point or line.

3) CTBOpEeHHS HOBOT'O MPY:KHOTO MaTepiaJy.

[To BapianTy — 6eton C16/20. Moayinb npyxHocti 27000 MITa, koeditieHT
ITyaccona 0,2.

Kpok 1. Binkpuaemo moayns Engineering Data. O6upaemo Engineering Data
Sources. CrBoproemo 0i0ioTeky HOBUX Marepianie — My material Ta
CTBOPIOEMO HOBUI Matepian — 6eton C16/20.

Kpoxk 2. 3 Toolbox nepersryemo HeoOxiaHi GpyHKIIIT Ha HA3BY HOBOTO MaTepiaiy:
Density (rycruna matepiany), Isotropic Elasticity (mpy»Hi Bi1acTUBOCTI Tijia).



. BAnka crinka - Workbench
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Kpok 3. ¥ BikHi Properties of Outline
Row 3: Beron C16/20 3amaemo:
Density=2400xkr/m?, Young's
Modulus=27000 MIIa Ta Poisson’s
Ratio=0,2. Save

HAaBIPOTH Ta

Hatuckaemo
My material

npuOupaeMo PEKHUM  pelaryBaHHS.

Engineering Data Sources.

A C
1 Data Source Location

12 | @ Thermal Materials
13 Fluid Materials

14 Piezoelectric Materials
15 | @ my

16 my mat

17 My material

ElEEEEELE

i |E R E AR E

Click here to add a new library

e of My material

A B C D

1 Contents of My material 2

Jlonaemo cTBopeHuit Marepian 1o Engineering Data.

Kpok 4. BinkpuBaemo moayne Model. Obupaemo minockuii HanpyKeHH CTaH:
Details of “Geometry” — 2D Behavior — Plane Strass.

Kpoxk 5. [Ipuznauaemo marepian beron C16/20: aktuByemo B nepesi Geometry-
SYS\Surface, y Bikni Detailes of “SYS\Surface”-Assignment oGupaemo
HEOOXITHHI MaTepiall Ta BCTAHOBIIIOEMO TOBIIHHY T hickness=0,2 m.
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4) Po30uBKa CKIiHYeHHHMMH e€JIEeMEHTAMHU, NMPU3HAYEHHSI TPAHUYHUX

YMOB.

Kpok 1. B nepeBi mpoekTy MepexoauMoO 10 CTBOPEHHS CITKH CKIHYEHHUX
enemenTtiB Mesh, Bcranosmoemo macmrad citku Element Size =0,25 m Ta
renepyemo citky Generete Mash.

—
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Kpok 2. B naepeBi obOupaemo Static Structural Ta mpusHagaemo KXOpCTKe
3aKpIMJICHHS HIJKHBOI IPaHi Ta HABAHTaXXCHHSI 1151 OaKu-cTiHkK. Biiaanka Static
Structural — m.x.m. — -Insert — Fixed, o6upaemo HKHIO rpaHb. I BUIIICHHS
rpaHi BHKOPHCTOBYEThCS pekuM BuauieHHs Edge Tta knasima Ctrl mos
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10



B o= Context A: Mogens 1. Plane stress - Mechanical [Ansys Mechanical Enterprise] - b0 %

Home  Erwironment  Display  Selection  Automation  Add-ons  Leamning and Support Quick Launch ~ D e

D cut X Delete | My Computer - % o~ EIE =namedselection [T Commands @images - B oo
I ¥ =
[__H Copy Q Find + Distributed IIII w i Coordinate System L Comment E.Se:tlon Plane

Duplicat Sove R Anal Tools | Layout
VPN | Dpaste BmTree™ | Cores|4 OVE prediction | Y @, Remote Point |1 Chart [ Annotation CB || e
Outline Solve [F] Insert

QO @wE % C-+ QAR A Q st Ko [ R[E)JD @ @@ EC® 0 | Hpbor- 3

' Mame « | Search Outline | ™ .
-- -y 3K Coordinate Systems -
%8 Mesh
B4 Static Structural (AS)
- +H] Analysis Settings
/@ Force
@, Pressure

Details of "Fixed Support” =

I=l| Scope
Scoping Method | Geometry Selection
Geometry 4 Edges
[=l| Definition
D (Beta) 13
Type Fixed Support
Suppressed No Graphy o I A H S A I e s w O] X | | Tabular Data s v IO X

Kpok 3. B aepesi ooupaemo Static Structural, zamaemo cuny F=1000 H/m 3a
JIOIOMOr OO BKJIaaku Environment — Structural — Force a6o Static Structural

— mkM. — Insert-Force. Jlnsg BUIIIEHHS TOYKH TNPUKIAAAHHS CHII

n

BUKOPUCTOBYEThCS pekuM BuiieHHs VerteX. Ockinbku Oajika CTIHKa Mae

toBuMHy 0,2 M, cuia po3mojijieHa MO TOBIIMHI 1 MPUKIATAETHCA y BUIJIISIL

F=1000 H/m*0,2=200 H. B Details of “Force*“ oboupaemo Define By
Components — 3agaemo npoekiiito cuiu Ha Bick Y F=200 H.

H Eﬂ & Context A: Mogene 1. Plane stress - Mechanical [Ansys Mechanical Enterprise] _ [m] x
Home Environment Display Selection Automation Add-ons Learning and support Quick Launch ~ @ 0'

HCut X Delete | My Computer - % o~ EHE &nsmedseiecion  [F Commands @images~ B oo
I = = =
B copy Q, Find | Distributed il [T < Coordinate System GJComment [ Section Plane

Duplicat Solve R Anal Tools | Layout
UPIAE Bipsste BaTree | Cores|d ONE renction | oV @, Remote Point Lt chart Eannotation | os | OV
Qutline Solve B Insert
Outline *10Ox @ aQ IE" @ %% O - Q@ @ @ @ Select % Moder [T
& Name ~ | Search Qutline | ™
s+ Coordinate Systems "
- /B Mesh
B[ Static Structural (AS)
i doa

as

T Pressire

/B, Pressure 2

-, Fixed Suppart
B0 reen

" BULIIEMO BY30I
(bynkuis Vertex)

Details of "Force” i mimmmmmes w I O K
I/ Scope
Scoping Method | Geometry Selection

Geometry |1 Vertex
[=] Definition
1D (Beta) 34
Type 4
Define By Components CBIRETEIR, s 5 5 5 5 515 55 6 s s o o s, 7 U (O) R TEA o (IR i s .5
Coordinate System§ Global Coordinate System 1.. Steps | Time [s] “7 X [N] “7 YN
X Companent |0, N [ramped) 200, 1 1 0, =0 -0
1 21 1, 0, 200,
¥ Component {200, M (ramped) ' 5
Suppressed No -

Messages | Graph

81 Message  NoSelection  « Metric(m, kg, N, 5, V, A} Degrees rad/s Celsius

Kpok 4. Posnopainene naBantakenns (=1klla ta =-1klla npuxnamaerbcs
Burisaal Static Structural — mx.m. — Insert — Pressure, Define By
Components — X Component=1000 ITa.
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B - RSN /. Mogens 1. Plane staess - Mechanical [Ansys Mechanical Enterprise] - o x

Home Environment Display Selection Automation Add-ons Learning and Support Quick Launch ~ @ 0'
|D oCut X Delete | My Computer - g o~ ]| S Named Selection [ Commands (8)images™ ) [mii]
B copy QFind v/ Distributed il 2 Coordinate System [JComment [ Section Plane
Duplicat Sobh Ri Anal Tools | Layout
P I Dpaste SmTree™ | Cores 4 OV predition | > @, Remote Point Ll Chart [ Annotation e '
Outline Salve [F] Insert
= UE QA @w& %" C-+AAA@Q st kv FERRBERERE T ® R = Hphord-
: Name w | Search Outline | ™
+ - 24 Coordinate Systems -~
/@D Mesh

=~/ Static Structural (A5)
[ Analysis Settings
B Force

B
. Pressure 2
i @, Fixed Support o
TER e e s
Details of "Pressureg" = s BOX
=|| Scope A
Scoping Method |Geometry Selection
Geometry |2 Edges
[=I| Definition
1D (Beta) [40
Tune lprassura

[IpaBUIBHICTH MPUKIIAICHUX HaBaHTAXXCHD MEPEBIPAEMO HATUCKAHHIM Ha
Static Structural:

Qutline =

THOX Q@& %% 0-[Heaa@Q shkakMder TEERRBREE T ™®E < FHCipboad

¢ Name | Search Qutline |» _
G Iz SYS5\Surface
(8 Materials

2 Coordinate Systems

- /%D Mesh
B[ Static Structural (A5)
Ll Analysis Settings
@ Fixed Support
3. Force
| Pressure

Pressure 2

Solution (A6)
{51 Solution Information
%8 Normal Stress
@ Normal Stress 2
8 Normal Stress 3

Details of "Static Structural (A3)" = Lox
= Definition
Physics Type Structural
Analysis Type Static Structural
Solver Target Mechanical APDL

5) CTBoproeMo i30J1iHii HATIPYKeHb.

. H L Context A:Mogaene 1, Plane stress - Mechanical [Ansys Mechanical Enterprise] - [m] x
- Home | Result  Display  Selection  Automation  Add-ons  Learning and Support Quick Launch ~ D e
ID Scut X Delete | My Computer - g o~ BB &named seledion [ Commands (@) images~ 5 oo
L_ECopy QFlnd v Distributed IIII i Coordinate System [ Comment E.Sectmn Plane
DWE‘E“ Bipaste Ta,Tree~ | Cores|4 5‘1‘“ prigfj?{‘géf‘ A“"ys's #,, Remote Point Ly chart B Annatation T°'°‘5 Layfut
QOutline Solve 1 Insert
Qa[®v & %% [0]rRARA @ Select RMode- ¥ [{ B E B E B WP 6| = FCipboard- ¥
© Name w | Search Qutline [v _
B Static Structural (AS) ~
1] Analysis Settings

~®. Force

- /B8, Pressure
/B, Pressure 2

- /08, Fixed Support

-, f&) Solution (A6)
5] Solution Information 2575,2 Max
¥} ormal Stres: 20676
-8 Normal Stress yy 1560
/%8 Shear Stress xy 1052,4 o
- /8@ Maximum Principal Stress 544,81 .
&8 Middle Principal Stress 37,217
%8 Minimum Principal Stress 47038 4,000 {rm)
3 Maximum Shear Stress e e —
- Equivalent Stress o
Details of "Normal Stress xx" === cw Qg x| Graph s woiw B OO0 X | Tabular Data i wonw [ X
B[ scope ~ ¢ Animation |4 b EI 1 m 20 Frames «|25ec (Aute) - m | ime [s] H7 Minimum [Pa] ||7 Maximum [Pa] ||7Ave|aye IF
Scoping Methad | Geametry selectian 2575.2 -615.79
Geometry | All Badies
E [ ]
Type |Norma\ Stress
Orientation X Axis v Messages | Graph < >
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Kpok 1. BuBoaumo B pe3ysbraT HOpMalibHI HanpykenHs: Solution — Insert —
Stress — Normal. Jlns BubGopy BinnosigHoro Hanpyxenns B Details of “Normal
stress” obupaemo Solution Coordinate System Ta Orientation — X AXis s
HOPMAJIbHOI'O HANpYy>KEHHS O, . AHAJIOTNYHO 3aJal0ThCsl 1HIII HOpPMAaJbHI

HanpykeHHs, 3MmiHooun Orientation na Y AXis ta Z AXis.

Kpok 2. [Tigkmouaemo qoruuHi HanpykeHHs Solution — Insert — Stress — Shear
Ta obupaemo mwionuuy XY ix faii. AHaJIOr14HO OYIYIOThCS TOJIOBHI HAIPY>KEHHS
(Maximum, Middle Ta Minimum Principal Stress) ta MakcuMajbHiI TOTHYHI
HanpyxenHs (Maximum Shear) ta ekBiBajieHTHI HAIIPYyKEHHs 3a 4-10 TEOPIEIO
mirtHocTi (Equivalent von — Mises).

—
H E= Context  A: Mogenk 1, Plane stress - Mechanical [Ansys Mechanical Enterprise] - 0 X
File Home | Result  Display  Selection  Automation  Add-ons  Learning and Support Quick Launch ~ & @
&cut X Delete | My Computer - g A =] 1) [ Selection [ Commands (@images~ = oo
|— B copy Q. Find | Distributed il B 4 ate System [1Comment [ Section Plane
DW‘_“E“ B pasie T, Tree | Cores 4 Sov‘“ pR,:fj?&i'éf, A"Ev'ys's #, Remote Point Ll Chart & annotation T°v°|5 LE{wt
Outline Solve ) Insert
Outline MRl QaQ [®v & %% Y RQAARAQ St Moder FTEERRBEE 28 = [Fipboard- ¥
¢ Mame = | Search Outline |~ -
B[ Static Structural (A5) S
- /1] Analysis Settings
@ Force
- /08, Pressure Glabal Coord
- /B, Pressure 2 Tirme: 15
/B, Fied Support 01,02.2024 13:30
B} Solution (A6)
i A3 Solution Information 1088 Max
L/ Normal Stress xx 846,21 v
88 Normal Stress yy 604,43
[ d she=r Stress 360,66 ~
i, 8 Maximum Principal Stress 120,89 w
i@ Middle Prindpal Stress 12080
i /@ Minimum Principal Stress 96266 ; 2 4,000(m}
B8 Maximum Shear Stress 60143 ﬂFﬂm__ X
Lo M@ Equivalent Stress v ’
R ——— Y E| [T R B I
[ Scope A Animation | b E 1 Eﬂ 20 Frames < 25ec(Aute)  ~ | BF ¥ ‘Tlme[s] “7 Minimum [Pa] “7 Maximum [Pa] ||7 Average [f
Scoping Method [ Geometry Selection T =IIEEL, 1038, k3
Geometry | All Badies
E [ ]
Type |5near Stress
Orientation XY Component v Messages Graph = Z

81 Message Mo Selection & Metric (m, kg, N, 5,V, A) Degrees rad/s Celsius

Jaini HaTuckaeMo SOIVe Ta OLiHIOEMO OTpPHMaHi pe3ysbTaTH. BuBeacHHs
pe3yJbTaTiB B OKpeMili Toulll BUKOHYeThest Display — Probe. Orpumani i30iHii
HaIpy>KeHb BHOCUMO B 3BIT:

I30.1iHiil Hanpy:KeHb MJI0CKOI MoAeJi “banka-crinka”

21978
12885
[ ] EFCAY
330,13

-1439,4 Min ET|
Nod: 68

-1993.2 Min 26071 Y
Mode 68
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HopwmaibH1 HanpyxeHHs o ,,, [la HopmanbHi HanpyxeHHs oy, [1a

-362,66
604,43
846,21

217,372 Min

-1088 Min . _
JloTryHi HanpyxeHHst 7, [1a MakcumainbHi TOTUYHI HAPYKEHHS
Tmax» 11a

-415,02 Min

0, %
Mode 68

11860 W
[Mode 63

I'onoBne HanpyxeHus oy, [la ['onoBHe HanNpyXeHHA O 5, [la

-506,
-760.35
1013,8
-1267,2
15207
17741
20076
-2281 Min

26476
1988,2
| 13488
609,31
49,875 Min

751,08 W
54015 Mode 68
Made & 4T

["onoBHE HaNpyXeHHA O3, [la ExBiBajieHTHE HallpYyXEHHA O, [1a

3a 4-10 TEOPI€IO MIITHOCTI
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2. Bu3HayeHHS TOJIOBHUX HAMNPYXKeHb, MOJ0KEHHSI TOJOBHHUX
IUI0IIA/I0K, BHKOPHCTOBYIOYH TEOPil0 HAMIPYKEHOT0 CTAHY B TOYIIi.

238,87
249 37
——-
AY 249 37
—46&33l T/_45033
— -«
249 37
238,87
»x

Puc. 3.3. Hanpy>keHHs Ha IpaHsIX €JIEMEHTAPHOIO €J1EMEHTA

Hanpyxenns B Toutti K mpuiiMarotscest 3 Mmozeni 1:

. =—460,33 1a, o, =238,871la, 7, —249 37 Ila

["os10BHI HANPY>KEHHSA

@ max =7 W= 2

min

2
. \/( —460,332— 23&87) +249,37% = 110,73+ 429,42 ITa;

2
O'x-f-(fyi\/(O'x—Gy] 2 _—460,33+238,87i

0,=318,69 Ila, 6, =01la, 053=-540,15I1a.

110,73
3;(9 6o 429 42

- \{/ 10,73
£0 AY
5
~540 4 />\

429 42

.J? 7(5’ 59
»x

'S

Puc.3.4. I'onoBH1 HanpyKeHHS Ta Puc.3.5. Hanpyxenns Ha

ITOJIOXKCHHSA I'OJIOBHHUX IINTOIIad0K Iiomaakax 3 MakCUMalIbHUMH

JOTHUYHHMHU HAIIPYKCHHAMU
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I'onosH1 HAIpy>XCHH:A Ta IMOJIOKCHHA I'OJIOBHUX INIOMIAA0K:

2 .
'9(2a0) =7 T—XZ; B —465 3234?'23378 TR
X y ! '

oy =-17,75°, KyT AOAATHUI IpU TOBOPOTI NPOTU TOAUHHUKOBOI CTPUIKH.
MakcuMaibHi JOTUYHI HAPYKCHHS BUHUKAIOTh Ha TIOMIAIKaX IMiT KyTOM

45 rpaayciB 10 TOJIOBHUX:

,_01=03 31869454015 _ o0 4o 1,
2 2

HopmanbHi HampyXeHHs Ha IUIOIIAAKaxX MmiJl Kyrom 45 rpaayciB 10
TOJIOBHUX:

o,+053 318,69-540,15

=-110,73 /1a.
2 2

O13=

OTpumani Hanpy>KeHHSI HaBEJIEHO Ha puc. 3.2.
ExBiBaJIeHTHI HanIpy>kKeHHS 3a 4 Teopiero MIITHOCTI (3a Mizecom):

O s = \/%((01 —0,)’ +(01-03) +(o, —03)2) — 751,97 ITa.

3.3. Mogeasn 2. I1nocka moaenan B IIK «<ANSY Sy 3 BpaxyBanHsam
cUMeTpii

SKIIO HaBaHTaXXEHHS Ta TEOMETPIs TUla MalTh CUMETpio, TO 1l
BpaxyBaHHS MiJi 4Yac MOJENIOBaHHA 3MEHIIYE KUIbKICTh HEBIJOMHUX Ta
MPUIIBU/IIITYE OOYUCTIOBAIBHUN MpoIec. 3alpornoHOBaHa PO3paxyHKOBa cxema
«banku-cTiHKM» Ma€e BEpTUKAIbHY BCl CUMETPIi.

1) IMonepenHi HaIAIITYBAHHS.

Kpok 1. Ilepersryemo momynp Static Structural y mome Project Schematic.
[TepeiimenoByemo Ha “Mogmens 2. Plane stress. Cumerpist”.

Kpok 2. Tlpu Bumginenni moayas Geometry 3’sBiserbest Tabnuis Properties of
Schematic A3: Geometry, Bcranoiaroemo Analisis Type — 2D, mo6 B
MOJAJIBIIIOMY 33/IaTH TUIOCKUH HANpyKEeHUU cTaH (0aaKy-CTIHKY).

2) CTBOpeHHsI NPOCTOPOBOI Mojedi B rpadidyHOMYy cepeaoBHINi
SpaceClaim.
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Kpok 1. BinkpuBaemo SpaceClaim, obuparoun Geometry — m.k.m. — Edit
Geometry in SpaceClaim. Select New Sketch Plane — obupaemo mnoniuny XY —
Plane View.

Kpok 2. V Briamui Sketch — Create crBoproemo niBy wactuny citku Line
nopxmHOr0 1000 MMm. @ikcyemo po3mip Dimension (po3mipu MoxHA
penaryBatn). Haruckaemo, End Sketch Editing, mo6 3aBeprumutu reomerpito.
3akpuBaemo cepenopuiie SpaceClaim.

B 2 Cunerpin - SYS-1 - SpaceClaim

Design  Display  Assembly —Measure Facets Repair Prepare  Workbench  Detail  SheetMetal Tools  KeyShot  Ansys Motion

-

B 5 e op1e TXN ax |l ©FE L -
Uﬁ?@: \@D%ew-nx&mﬁ I‘—'If-aih ._[l». kfi‘%@ [Q? y
% Autoconstra

Paste | [aeleat Enable 3D End Skeich
a . Pull  Move  Fill Skelch

S 2N B 55 Line Circle Rectangle L f_) z g X Dimension ) 4l >~ N Editing
Clipboard Orient Create Modify Constraints Edit End Sketch

n - Buio =
N Click an object. Double-click to select an edge loop. Triple-click to select a solid

MAnsys

2024 R1
STUDENT

Mapsmetpei- B | Struct. Layers Select  Groups Views

Properties 2

3) CTBOpeHHS Ta 10JaBAHHS HOBOT'O MPY’KHOT0 MaTepiary.

Kpok 1. CtBopennst matepiany onucano B 11 3.1 Mogens 1. Ilo Bapianty — 6eToH
C16/20. Moxynbe npyxxaocTi 27000MIIA, xoedirtient ITyaccona 0,2.

ﬂ |E| = Context B: Mogene 2. Plane stress. CumeTpia - Mechanical [Ansys Mechanical Enterprise] - ] X
Home  Geometry  Display  Selection  Automation  Add-ons Learning and Support Quick Launch ~ 3 e

D x g E Sipamed selection  [E> Commands (8 images~ E XAK 21 E

ordinate System G Comment E.Sectlon Plane
@, Remote Point |l chart [EF Annotation el D T M°_d'fy ineoncd

Duplicate Q Solve Analysis
Outline

Solvery Insert Mass Shells
T p—" v dO% QA (@we %% O-+ QA Q@ Q) St  Mode- BEEE
© Name w | Search Qutline |V

H - B0 SYS-1\surface P
A Materials

w3H Coordinate Systems

- /A Symmetry

/%8 Mesh

=144 Static Structural (B5) ©
Details of "SYS-1\Surface”
Graphics Properties ~
[=I| Definition
Suppressed No
Stiffness Behavior Flexible
Coordinate System Default Coordinate Sys...
Reference Temperature i 3,000 {m)
Thickness 02m
Thickness Mode Manual
Treatment None IV S S it v L %G
[=I| Material ¥ Show Errors (0) v/ Show Warnings (1) v Show Info (0) v Merge Messages v Pop-up Messages _
Assignment BeToH C16/20 | Text | Association | Time
Monlinear Effects Yes Warninc| One ar more obijects may have lost some scoping attachments during the aeometry undal Proiect Wed
Bounding Box

[ [+

Properties v o< >

8.1 Message Mo Selection & Metric (m, kg, N, s, V. A) Degrees rad/s Celsius
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Kpok 2. BinkpuBaemo moayine Model. ObupaeMo miockuii HanpyXeHud CTaH:
Details of “Geometry” — 2D Behavior — Plane Stress.

Kpoxk 3. IIpuznauaemo marepian beron C16/20: aktuByemo B aepesi Geometry-
SYS\Surface, y Bikni Detailes of “SYS\Surface” — Assignment oGupaemo
HEOOX1THUW MaTepiai Ta BCTaHOBIIOEMO ToBIUHY T hickness=0,2 m.

Kpok 3. HamamroByemo Bick cumerpii. B mepeBi mpoekty odupaemo Model
Insert — Symmetry — Symmetry Region. O6upaemo JiBy BEepTHKaIbHY IPaHb
cumetpii B Details of “Symmetry Region” ta npusnagaemo Symmetry Normal
— X AXis.

H El = Context B: Mogene 2. Plane stress. Cumetpin - Mechanical [Ansys Mechanical Enterprise] - [m] X

File Home Symmetry Display Selection Automation Add-ons Learning and Support Quick Launch AW

ID x % Eﬁ M amed Selection  [F:Commands (@images~ ‘I‘ “ “ @ @ # ﬁ

Coordinate system [JComment  [@section Plane
Duplicate O | Solve Ana\ysls

" cJ ,Remote Point Ll Chart [ annotation R’gg",gtn” pEP,;Z[ch'j SEE | L E e =
Qutline 50| oF) Insert v
Outline MRl  QQ [@w&@® %% O QA6 @ Q) Seect % Mode- .E@@ BREM® ™ & — [FCiboardr ¥
¢ Name | search Outline |»
b o B 5YS-1\Surface -

] ‘,m Materials
l /3 Coordinate Systems

B SymmetryI
g
i /@ Mesh v
Details of "Symmetry Region" sssicisciciss w O X

BUJIITIIEMO TPaHb

=/ Scope

Scoping Method | Geometry Selection

Geometry 3 Edges .

ol (bvaxmis Edae) | «
Scope Mode Manual
Type ymmetric 3,000(m)

Coordinate System _ Global Coordinate system 250

Symmetry Normal || X Axis
Suppressed No

4) Po30uBKa CKiHYeHHHUMH eJleMeHTAMH, NMPHU3HAYEHHsS] TPAHUYHHUX
YMOB.

Kpok 1. B nepeBi mpoekTy mepexoauMo JO CTBOPEHHSI CITKM CKIHUCHHHX
enemenTiB Mesh, Bcranosmoemo macmrad citku Element Size =0,25 M Ta
renepyemo citky Generate Mash.

—
H H L Context B:Mogene 2. Plane stress, CumeTpia - Mechanical [Ansys Mechanical Enterprise] - (m] x
Haome Mesh Display Selection Automation Add-ons Learning and Support Quick Launch ~ @D

= N L] = l
e % %» 7 B |
Mesh Feature Update Generate J\fﬂ Source/Target | Controls| Mesh Quality Metrics
‘Workflows~  Detection sh Edit™ | Worksheet Display~
MeshWorkflow]  Detect Mesh Previe

Qe @Re® %% O+ AR A QQ sa kMo FRNERRERE TP E |~ FHcipboad-

ﬂ Analysls Settings
,/9 Fixed Support

/8. Force
. Pressure v
[Ty S ——————| Y, B
=1 Display
Display Style |Use Geometry Setting
[=]| Defaults

Physics Preference | Mechanical

Element Order Program Controlled
Element Size 0,25 m

Sizing

Quality

efiafion VSSRGS 555 L 0 0 S s (K

3,000 {m)

Emcame)
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Kpok 2. B naepeBi obOupaemo Static Structural Ta npusHayaemo KopcTke
3aKpIIUICHHS HIDKHBOI IPaHi Ta HaBaHTaKEHHsI JIJ1s Oanku-cTinku. Briaaka Static
Structural — m.x.m. — Insert-Fixed, obupaemo HWkHIO TpaHb. [ BUIIICHHS
rpaHi BHKOpUCTOBYeThcs GyHKIs Edge Ta kmaBima Ctrl mis BumiieHHS
OKpEeMUX NPSMUX HIKHBOI rpaHi, HaTuckaemo Apply.

——
ﬂ |E| = Context B: Mogenb 2, Plane stress, CumeTpia - Mechanical [Ansys Mechanical Enterprise] - [m] x
File Home Environment Display Selection Automation Add-ons Learning and Support Quick Launch ~ @ 0'

BB =wamed selection  [F Commands @ Images~ & Force @ Fixed = 5
I_ X % BE @ @ d‘ @E’ F | B

*i Coordinate System [JComment [ Section Plane % @, Moment  TX'F @ Frictionless
Duplicat Sol Analysi Inertial | Load Support: Conditi Direct | Imported  Tools | Vi
uplicate Q| Sahe MV @, Remote Point i chart Bannotation | o0 0% @ pressure " "PPO™ @ pisplacement “OTCOT T | TERAES Toon ) e
Insert Structural

cerdox @A |@led %Y O-F QA Q@ Q st kiede [IERBEREERE ™ E < Fdipbourd- I

~ [Search Outline |

QOutline Salver

Outling s

© Name
%8 Mesh S
=)--,/[d Static Structural (B5)
i 1] Analysis Settings
i 0B Fixed Support
H "

= — i Fixed Support
Details of “Fixed Support” =i w O X
[l 5cope
Scoping Method |Geometry Selection
Geometry |2 Edges
[=I| Definition
1D (Beta) 38
Type Fixed Support
Suppressed No 3,000 (m)

Kpok 3. B nepeBi obupaemo Static Structural 3amaemo cuny F=1000/2 H/m 3a
nornomororo BKiagaku Environment-Structural-Force a6o Static Structural —
mkM. — Insert — Force. [lng BumiIeHHS TOYKH TPUKIATAHHS CHIN
BUKOPHUCTOBY€EThC QyHKIis Vertex. Ockinbku 0anka cTinka Mae ToBIuHY 0,2 M,
CWIa pO3MOJIEHAa 1O TOBIIMHI 1 TpuUKIagaeTecss y posmipi  F=500
H/m*0,2=100 H. B Details of “Force ooupaemo Define By — Components —
3a1aeMo TpoekIito cuin Ha Bick Y F=100 H.

Kpok 4. Posnoniniene HaBantaxxenHs (=1klla npukiagaerscs y Burisai Static
Structural — mx.m. — Insert-Pressure, Define By — Components — X
Component=1000 ITa.

H |E| & Context E: Mogene 2. Plane stress. CumeTpia - Mechanical [Ansys Mechanical Enterprise] - a x
File Home Environment Display Selection Automation Add-ons Learning and support Quick Launch ~ @ o'

I [l SiNamed Selectic o - b =
« E Mipamed Selection B> Commands [@images _@_ Gx @ Force @ @ Fixed C‘,‘ @ = B
< Coordinate System [1Comment [ Section Plane @, Moment Y '° S Frictionless «
Duplicats Sol Anal Inertial Load S rt: Conditi Direct | | rted = Tool Vi
uplicate Q owe | AnANSE @ Remote point Ll Chart [ Annotation netial 1o @ pressure "PPO™ @ pisplacement COMT o ST | IPofied | Teok Views

C‘)LUH\E 5:"|»‘Er’. Insert Structural
Outline MEE] Q0 (8w & %% C-4 QQ & @ @ Select " Moder REREDE TR = [Fipboad- ¥
© Name w | Search Qutline |V
- +JH] Analysis Settings ~

i, Fixed Support
by

v

- o, Pressure: 1000, Pa
Details of "Pressure” i nssiiw B O] X

Components: 1000,;0,

=I| Scope ~
Scoping Method |Geometry Selection
Geometry |2 Edges s
[=I| Definition
ID (Beta) 42 | e
Type Pressure ks
Define By Components 1,500 3,000(m)
Applied By Surface Effect 0,750 250
Loaded Area Deformed
Coordinate System | Glabal Coordinate System Graph oo T R R s s w O] % || Tabular Data s w O] X
X Component | 1000, Pa (ramped) | steps | Time [5] |[# x[Pal | [+ ¥ [Pl A

¥ Component |0, Pa [ramped) v Messages | Graph 11 o ) =0, v
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5) CTBoprO€eMO i301iHil HANIPYKEHb.

Kpok 1. Solution — Insert — Stress — Normal o6upaemo Stress (HopMaibHi Ta

JOTUYHI HanpyxeHHs). Bei momaneimi 1ii BUKOHYIOTHCS aHanmoriaHo Moneni 1.

H [Eﬂ ¥ Context B:Mogene 2. Plane stress. CumeTpis - Mechanical [Ansys Mechanical Enterprise] - [m] xX
Home Result Display Selection Automation Add-ons Learning and Support Quick Launch ~ @ 0'
ID x EE Sramed selection B Commands @ Images™ 15e-006 (auto Scalel - oy = Q [EProbe ¥ Snap = = =
E i Coordinate System Comment E.Sectmn Plane  Scoped Bodies - [ Maximum
B Q Soke | ANASIE g pemote point |y chart B annotation v/ Large Vertex Contours oMoy CONMours EAOEs g D?ﬁ,c,ta‘;f. || TEE
Qutline Insert Display
Outline - e 0% | @ Q|[@w &) % % T QA @@ Q| Sehect KMode- TEHEEEBRMEEB P B 2 Fipboud- ¥
5 Mame ¥ | Sea itline | ™
~-,dlh Symmetry Region ~
i /D Mesh

B[4 Static Structural (B5)
1l Analysis Settings
-/, Fixed Support
B Force
P, Pressure
El-f@ Solution (B6)

2575,2 Max
5] Solution Information 2067.6
- /%0 Normal Stress xx 1560
-8 Normal Stress yy 10524
80 Shear Stress xy 544,81
- /%@ Maximum Principal Stress 37,217 N
'/ﬁ Middle Principal Stress -470,38
- /%@ Minimum Principal Stress -977,97 |
- Maximum Shear Stress 14856 ¢
8 Equivalent Stress v ,199;_2 Min !
Details of "Normal Stress xx" =ocnsw |0 X
= Scope |~

[ermninn Mathnd = - - 1

[3041iHil HAaNpy:KeHb IWI0CKOI Moael “bajnka-cTinka”

10524

464
544,81

31071
37,217 2197,
-470,38 12885
_a77.07 379,17
14856 530,13
-1993,2 Min

-1439,4 Min

HopmanbHi HanipyeHHS O, [1a HopwmanbHi Hanpyxeuns o, 11a

30839
245,1
17464
10777
408,04
-258.8
-928,53 Min

30679
24598
1851,7
1243,6
635,48
27,372 Min

: MaxkcumanbHi TOTUYHI HAPY>KEHHS
JloTnyHi HaNPYKeHHs Ty, [a
T maxs 110
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27,746
-92,202
156,84
-221,38
285,03
-35048
415,02 Min

1}
Node 12 8 Mode 32

I'onoBHe HanpyxeHHsa o4, [la I'onoBHe HanpyxeHHA O ,, [la

4741,2
35654
L 2o
1222,7
29,875 Min

-540,15 |
Node 32

).
Mode 32

ExBiBaJIeHTHE HANPY>KEHHS
o Ila

eKe!

I'onoBHe HanpyxeHHA O3, [la

3.4. Moaeas 3. [IpocTopoBa Moeb

VY naHoMy BHUTIAJIKy BUKOPHUCTOBYETHCS MTPOCTOPOBA T€OMETPUIHA MOJIENb
«0aNKu-CTIHKMY, 3a71a4a PO3B’A3y€ThCS Y TPUBUMIPHIM MOCTAHOBIII

1) IMomepeaHi HaIAIITYBAHHSI.

Kpok 1. Ilepersryemo momyns Static Structural y mome Project Schematic.
[TepeitmenoByemo Ha “Momnens 3. [IpocTopoBa 3amaya.”

BB 5anka crikka - Workbench - [m} x

File View Tools Units Extensions Jobs Help
BEEe
i_] ﬁ ﬁ E __" EH Project

ﬁ][mpcrt.. | « Reconnect Refresh Project # Update Project == ACT Start Page

-~

— A

i Modal " A B

Eﬂ Modal Acoustis 1 Property Value

% Mation 2 =

m Random Vibration 3 Notes

m Response Spectrum 4 =

ﬁ :;g;odsDynamB 3 2 seometry v 4 5 [ ceometry v 4 5 Update Option | Fore... ¥
4 4

) staticAcoustis @ Model v 4 @ voce v 4

ﬁ Static Structural 5 ﬁ Setup v 4 5 a Setup v 4

lj Steady-State Thermal 6 Solution v o B @ Solution v 4

E Structural Optimization 7 9 Results ¥ 4 7 9 Results ¥ 4

@ Substructure Generation

m Thermal-Electric Mogenk 2. Plane stress, CumeTpia Mogaenk 3. Mpocropoea zagaya.
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Kpok 2. Ilpu BunineHni moayns Geometry 3’sBiserscst Tabnuis Properties of
Schematic A3: Geometry, Bcranositroemo Analysis Type — 3D.

Kpok 3. BinkpuBaemo Engineering Data- Engineering Data Sources Ta
noaaeMo 3 0i0yioTekn HEoOXimHWKM Matepian (HaThckaemo ). JleTaysibHO
MpoIIeC CTBOPEHHS MaTepiany onucano B Mogeni 1.

2) CTBOpeHHsI NPOCTOPOBOI Mojedi B rpadiuyHoMy ceperoBHUILi
SpaceClaim.
Kpok 1. 3a nonomororo ¢ynkimii Select New Sketch Plane o6upaemo cucremy

koopauHat XY, Harmckaemo Plane View. ®ynkmieto Rectangle xpecimvo
KoHTYp Oanku-ctinku. Hatuckaemo End Sketch Editing.

Astatic Structural - Design] - SpaceClaim

Design  Display Assembly Measure Facels Repsir  Prepare  Workbench  Detsil  ShestMetsl Tools  KeyShot  Ansys Mofion

T N EEREIRER ax | k@ , T
B G N0 O30 0a22in"e ¥ Rl g &

Pte @ .o lne Cice Resmngle ~ 3 D B 3> i Dimersion| ) 4] J~ N Avoconstsn | St Pl Move Fil | EghiedD End Skelch
Clipboard Orient Create Modify Constraints Edit End Sketch
Options - Dimensions : : "
Click a reference to start creating dimension. Ctrl+Click two objects to create a virtual point or line.
Dimension Orientation ks e ,\n Sys
o fulo 2024R1
Aligned e
r— STUDENT
Opfions - Dimen. |S| ot Layers Selecii Groups Views
Properties
v Amows
v Amow 1Style [ Defautt 3000mm
Length Default
Width Default
~  Amow 2 Style [ Defaut
Length Defauilt
Width Default
v General
Expression 3000mm
Label D2 ;
Measurement Linear reprresbivest!
Value 3000mm (3 1+=X
e T 4000mm

Kpok 2. 3a momomororo ¢ynkiii Pull BuTsryeMo mpsiMOKyTHHK B TPUBHUMIpHE
Ti10 Oanku-cTinku ToBmuHOKW 0,2 M. (mo 100 MM B KOXXHY CTOpOHY, 100

wiomuHa XY Mpoxojuia Mo HeHTpY Tia).

Clm9-0- ¢ AsStatic Structural - Design1 - SpaceClair
File  Sketch Display  Assembly Measure Facets  Repair  Prepare  Workbench Detail  SheetMetsl Tools  KeyShot  Ansys Motion
E . &} Home - -}-Spm - W & k @ &5 3 Split Bedy O - @ shel 3  cyiinder |E| g.
e @ o9
i & Split H @’Dﬁm
Past Sketch Select| Pull | Fill c bi . o Eaust Sph Blocks S
= . ge-@ szm o 52 ull | Move  Fi 8 Wi . L B [ vor " (D Sphere | Blocks Script
Clipboard Orient Mode Edit Intersect Create Body Record
o] -Pull
ERc=RL Pull 1 face
5 e o Ansys
o At = Cut (S Nomerge k 2024 R1
NG F T - STUDENT

|D|:-h:r;-FLH|Structure Leyers Selection Groups Views

/ 100

Properties
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Kpok 3. [lns Toro, no6 3agatu cuity F po3nojaiieHy 1o TOBIIMHI O0alKU-CTIHKH
Ta HaBaHTAXXEHHS (] HEOOXIJHO B TEOMETPII0 BBECTH BIJIPI3OK (MOAUIUTH
IUIOIUHY OaNKU-CTiHKY Ha YacTuHM). O6upaemo dynkiuiro Pull (Bubupaemo niBy
BepxHI0 Trpanb) — Options Pull — Copy Edge Ta mepemimyemo BumiieHUiH
BiApi3ok BmpaBo Ha 2000 mMM. AHaNOriuHO BEpXHS JiBa Ta IMpaBa TIpaHb
nepeminryersess BHU3 Ha 2000 MM 11711 CTBOPEHHS TUIOUIMHM 1T PO3MOALIEHOTO

HaBaHTaXXCHHs. 3akpuBaeMo cepenosuine SpaceClaim.

sketch [EE Display  Assembly  Measure KeySi Mction

B i GB Rl Gg $Zu= 0+ 0% 3T 8o B

Past Skeich Select | Pl | Move Fil Combi . o : Blocks S

= g Qe . mE S G 5o ke s e S (D) Sphere | Blocks Script

Clipboard Orient Vods it Intersect Create Body Record
Options - Pull * T Copy 1 odge
8 e = Ansys
& Add == Cut @ Nomerge @ 2024 R1

o 11 I ———
I: E lff E.iﬁ:? . v A STUDENT
| @sticns - Pul| Structure Layers Selection Groups Views ‘f ‘&
Properties 2 ‘F ‘FT;I

L3

3) CTBOpeHHS Ta 10JaBAHHS HOBOTO NMPYKHOT0 MaTepiay.

Kpokx 1. Ilo Bapianty — Oeron C16/20. Monyne mpyxkuocti 27000MIIA,
koedimient [Tyaccona 0,2 omucano B Monens 1. BigkpuBaemo momayns Model.
[Tpusnauaemo matepian beron C16/20: aktuByemo B nepesi Geometry — SYS-
2\Solid, y Bixni Detailes of SYS — 2\Solid — Assignment oobupaemo HeoOXigHUI
MmaTtepial.

4) Po30uBKa CKiHYEHHHUMHU eJleMeHTAMH, NMPHU3HAYEHHsSI TPAHUYHHUX
YMOB.

Kpok 1. B nepeBi mpoekTy MepexoauMoO [0 CTBOPEHHS CITKH CKIHYEHHUX
enementiB Mesh, BcranoBaroemo Macmrad citku Element Size=0,1 M T1a
rerepyemo citky Generate Mesh.
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m |E| = Context C:Mogene 3. NpocToposa 3aaaqa. - Mechanical [Ansys Mechanical Enterprise] _ ] x

File Home | Mesh | Display  Selection  Automation  Add-ons  Leamning and Support Quick Launch ~ D
o= I > - L] = il
= o % & % |«

Mesh Feature Update Generate = Surface SourceTarget | Controls| Mesh Quality Metrics
‘Workflows™ | Detection Mesh - Edit™ Worksheet  Display™
MeshWorkflow]  Detect Mesh Preview

Outline .5+ GvAOX QA Bwd %% O QA Q& Q| Sda KModer [TRERWEM® ¢ P& | [FCipboard~ &
¢ Name | Search Qutline |~
E-- (@ Model (C4) s

- /8] Geometry Imports
T Geometry

L5 Construction Geometry
- /T8 Materials

3 Coordinate Systems
&) Connections

e /D Mesh
=1 Static Structural (C5)
o JH Analysis Settings v
Details of "Mesh" i w I 0] X
=I| Display ~
Display Style |use Geometry setting
[=l| Defaults
Physics Preference | Mechanical
Element Qrder Program Controlled
Element Size 01m
Sizing
Quality

Kpok 2. B naepeBi obupaemo Static Structural Ta mpusrayaemo KxopcTke
3aKpIIUICHHS HIDKHBOI IPaHi Ta HaBaHTaKEHHsI 1715 OanKu-cTiHnku. Brimaaka Static
Structural — m.x.m. — Insert — Fixed, obupaemo HuXHIO Tpasb. [ BUIIICHHS
rpani BukopuctoByethesi ¢GyHkiis Edge Tta xmasima Ctrl mns BumineHHs
OKpEeMHUX MPSIMUX HUXKHBOI TpaHi, HaTuckaemo Apply. [lis BupijeHHs TUIONIMHA
BUKOPHUCTOBY€EThCS PyHKITis Face.

m |E| = Context C: Mogens 3. MpocToposa 3agaqa. - Mechanical [Ansys Mechanical Enterprise] - (m] x

File Home | Enviconment | Display  Selection  Automation  Add-ons Learning and Support Quick Launch ~ D

& ed Selectic ¥ - N =
I X % % Syamed Selection 5 Commands (@ images _@_ G @ Force @ @ Fixed d @ E4 B
= * Coordinste System [JComment [ Section Plane % @,Moment TVUT @ Frictionless = &«

Duplicat 5ok Anal " Inertial Load S It Conditi Direct i rted = Tool Vi

CIERE) | =0 | OSSO s e e || T | O @ s | ST ) e | SR | (221 || G| Tl | VT

Outline S0 Insert Structural

il T d0X QA [Bed® %% C-+QA@QQ st kM- [IRERRBERE VPR = Hcipboard-
. Name

./® Mesh N 3ajava.
B[4 Static Structural (C5)

o o[ Analysis Settings
8 Fixed Support

@, Pressure Fixed Support

B, Pressure 2
e JB. Force
£-18) Solution (C6)
Salution Information
+ @ Normal Stress xx v
Details of “Fixed Support” = w IO X
[=I| Scope
Scoping Method ‘ Geometry Selection
Geometry |1 Face i z
I/ Definition .
1D (Beta) 30 K
Type Fixed Support ®
Suppressed Mo

Kpok 3. B aepeBi obupaemo Static Structural zagaemo cuny F=1000 H/m 3a
aonoMoror Bkiaaku Environment — Structural — Force a6o Static Structural
— m.k.M. — Insert — Force. Jlns BuauUieHHS BIiAPI30K NPUKIATAHHS CUIIU
BUKOPUCTOBYEThCs pexuM BuiiieHHs Edge. Ockuibku Oanka CTiHKa Mae
toBiuHy 0,2 M, CHTa pO3MO/iIeHa TI0 TOBIIWHI 1 IPHUKIaaaeTbes y Burisai F=100
H/M*0,2=200 H. B Details of “Force ooupaemo Define By — Components —
3a/1aeMo Tpoekiriro cwm Ha Bick Y F=100 H.
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H [El = Context C: Mogene 3. MpocToposa 3agaqa. - Mechanical [Ansys Mechanical Enterprise] - [m] xX
“ Home Environment Display Selection Automation Add-ons Learning and Suppaort

A s n [ commands (@images~ @ Force @ Fixed b
x| 4 EOS . o & @ @ @ 5 =
ID BO . TEIE o Frictionless d @E’ =

tem CJComment E.SectmnPlane Lt @;Moment

m

Dupv\lcateQ Sov\ve Anav\y:\s @, e Point Ll chart B Annatation Inevrt\al Lovads @, pressure SUPENH @ Displacement condens EEE“ \mp;:gtved Tof\s Vlsws
Qutline Solvera Insert Structural
Outling -5 TA0X @A |[@w %% O QA @ @ Q)| Select % Moder REREBEC®E = Hdboad I
Name - ~ o
@ Mesh A

[l static Structural (C5)
[ Analysis Settings

@ Fixed Support

. Pressure

i 0B, Pressure 2

i @ Force

E-+[&) Solution (C6)

-z} Solution Information

Components: 0;200,:0,

/@3 Normal Stress xx v
Details of "Force” *lpOox
Geometry 1Edge ~
g -
ID (Beta) 97 N
Type Farce .
Define By Components
Applied By Surface Effect

Coordinate System | Global Coordinate System
¥ Component |0, N (ramped)

¥ Component | 200, N (ramped] BT s 5 4 T wiiw JL O] % || Tabular Data :
ZComponent_[0.N ramped I S, _5tc0: [Tme (3 |[7 <0 [[7 10 |7 20
Suppressed No 11 0. =0 =0 =0
v Messages | Graph 21 1, 0. 200, 0.

81 Message  No Selection & Metric (m, kg, N, 5, V, A) Degrees rad/s

Kpok 4. Posnoninene HaBantaxenns (=1klla npuxiagaerscs y Burisai Static
Structural — m.xk.m. — Insert — Pressure, Define By — Components — X
Component = 1000 ITa.

——
E= Context C: Mogenk 3. MNpocropoea 3agaua. - Mechanical [Ansys Mechanical Enterprise] - 08 X
Home Environment Display Selection Automation Add-ons Learning and Support Q aunch ~ @ 0'

ction [ Commands (&images~ @ G @ Force @ 8, Fixed C‘"‘ @ i B
r'e

m CJcComment [@Section Plane % @, Moment TS5F @ Frictionless

ID X g_ EHH &named
[=]T]

53 Coor stel
Duplicats Saol Analysi Inertial | Load St t: Conditi Direct | | rted | Tools | Vi
UD_‘CE 3@ ovve navysls #, Remote Point Ll Chart [ Annotation nev ' 939 @, pressure UDEO : @ Displacement enditiens F‘éev T§§d5 U'“ |Sws
Outline Solvers Insert Structural
Outline =i e w O X :QQE‘"\? G0 S - @@ @ @ @ | Select & Mode- @@.my‘@& 22 | Bl Chipboard~ ¥
% Mame +|Search Qutline [v . 4
oo @B Mesh A

B[ Static Structural (€5)
i 1] Analysis Settings
{8, Fixed Support

i /B, Pressure
iy B, Pressure 2 Components: 101
i /B Force
E-+[& Solution (C6)
-z (] Solution Information
/@3 Normal Stress xx v
Scoping Method | Geometry Selection A
Geometry |1Face
(1 Definition i
ID (Beta) 43
Type Pressure
Define By Companents
Applied By Surface Effect z
Loaded Area Deformed
Coordinate System | Global Coordinate System Graph = » I O X || Tabular Data = w 10 X
X Componert._|100,pa (ampec) Steps [ Time |7 17 |[7 1174 [ 2P [y
¥ Component |0, Pa (ramped) Ik ) -0 -0 -0
Z Component |0, Pa (ramped) v Messages | Graph 21 1. 1000, 0, v

811 Message  No Selection & Metric (m, kg, N, s, ) Degrees rad/s Celsius

5) CTBoprO€EMO i301iHil HANIPYKEHb.

Kpok 1. Solution — Insert — Stress — Normal obupaemo Stress (HopMaibHi
HanpyxeHHs1). s BuOopy BimnosigHoro Hanpyxenns B Details of “Normal
stress” obupaemo Solution Coordinate System Ta Orientation — X AXis s

HOPMAJIBHOTO HAINpYXXEHHS O ,,. AHAJIOI4YHO 3aJal0ThCs IHIII HOPMAaJbHI

HanpykeHHsl, 3MiHtoroun Orientation na Y Axis ta Orientation — Z Axis.

25



Jaii Hatrckaemo SOIVe Ta OLiHIOEMO OTpHMMaHi pe3yibraTtd. DyHKIE
Display — Probe Buapinsemo TOuky Ha MOBepxHi Tila. 3HAYCHHS MOCEPEIHHI
OyIyTh BIAPI3HATHUCH, AJI€ 1I¢ HE BIUIUBAE HA TOYHICTb.

Kpok 2. Jormuni nanpyxenus Solution — Insert — Shear ta oGupaerbcs
wromuHa XY ix gii. AHaIOriYHO OyAYIOTHCS TOJOBHI HanpyxkernHs (Maximum,
Middle ta Minimum Principal Stress) Ta makcuManabHI JOTUYHI HANPYXCHHS
(Maximum Shear) Ta ekBIiBaJICHTHI HAIPYKEHHs 3a 4-F0 TCOPIEH0 MIIIHOCTI
(Equivalent von-Mises).

I30J1iHil Hanpy:KeHb MPOCTOPOBOI MoAeJi “baska-cTiHka”

9490.6 M
04,6

66085
51675
37264
22854
84433
506,72
20978

34788 Min f5-46033 %
Node 2533

238,72 {
Node 2533

HopManbHi HanpyeHHs O ,,, [1a HopmanbHi HanpyxeHHs oy, I1a

907,7 M
22615

16154
963,23
323,08
323,08
96923
-16154
-2261,5

- . 27,0 {

36058

L] 27095

L 1ans
91699
20,708 Min

XD,
Mode 2533

MakcuManbHi JOTUYHI HalpYKESHHS
lla

JloTuuHi HanIpyXeHHS Ty, [la

Xy!

T

max?

EESFA
Ll 2omza
L eann
-367

-1621.7 Min

317,21
Node 2533 48

-2,8147¢-005 %
MNode 2533

['onoBHe HanpyxeHHA O, [la I'onoBHE HanpyXkeHHA O 5, [la
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5388 Y
Mode 2533

['onoBHe HanpyXeHHA O3, [la

749,57 L
Hode 2533

ExBiBasieHTHEe HaNpy>XKeHHs

O oe» 110 32 4-10 TEOPIEIO MILTHOCTI

IopiBHAHHS 30i’KHOCTI pe3yJIbTATIB HANIPYKEeHOro cTany ToUkHu K.

Hanpyxenuii Mopnens 2. Mopens 3.
CTaH B TOYIII. Mogens 1. | TIK «Ansys» [IK
Po3paxynok | ITIK «Ansys» | Plane stress3 | «Ansys»
3a Plane stress | BpaxyBaHHSM | IPOCTOPOBA
dbopmynamu CUMETpIi MOJIETb
Oy Ila 3 mozeni 1 -460,33 -460,33 -460,33
O yys Ila 3 mozeni 1 238,87 238,87 238,72
Ty Ila 3 mozeni 1 249,37 249,37 247,04
T max» 11a 429,42 429,42 429,42 428,01
oy, lla 318,69 318,69 318,69 317,21
0y, 1la 0 0 0 0
o3, 1lla -540,15 -540,15 -540,15 -538,82
O oeer 11a 751,97 751,98 751,98 749,57

BucHOBOK: OPSII0K YHCEIT MA€E TOCTATHIO 301KHICTh. 3HAUYEHHS, OTPUMaHI1
3 TPOCTOPOBOI Ta CTEPKHEBOI MOJENi, HE TMOBWHHI CHIBMAJaTH, OCKLIbKH

IIPOCTOPOBA MOJIENb CKJIAJHIIIA B ICKUIbKA Pa3iB Ta BPaxOBY€E TOBLIMHY Ta 3MIHY
HaIpy>KeHb B37I0BXK OCi Z.
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3ABJAHHS Ne4. BICECUMETPUYHA 3AJIAYA TEOPI
MNPY>KHOCTI B IIK ANSYS. KUIBLHEBA TIJIACTUHA

PosrnsijaeTbcsi TOHKa  KUIbLIEBa IUIACTMHA 3 OCECUMETPUYHHMHU
IPaHUYHUMH YMOBaMH, Iiepepi3 skoi 300pakeHo Ha puc. 4.1. IlorpibHO
aHAJIITUYHO BU3HAYUTH BHYTPIIHI 3yCHJUIS, HAMpPYKCHHs, MPOTHMH Ta KyTa
nosopoty. Bukonaru po3paxyHok B IIK Ansys, BUKOpUCTOBYIOUM TpU MOJENI:
BICECUMETPUYHY IOCTAaHOBKY, MOJENb Yy (opMi IIaCTUHU (TEOpis IUIACTUH
TUMOILIEHKO), TPUBUMIPHY MOCTAHOBKY. [IOpIBHSATM OTpHMMaHI MaKCHMalbHI
MIPOTMHU Ta 3HAYEHHS HAPYEHb MTOCEPEINHI TPOJIbOTY IIACTUHU.

| g

‘ = % IO, _,‘. “/ ) Hano: a=0,4m, b=1,4 m,
o hF " F=60xkH/m, q=5kH | m?,

B b t =80 s , anmrominii

Y

Puc. 4.1. Ilonepeunuii nepepi3z Kpyrosoi u=032, E=701Tla

IUIACTUHU
4.1. TeopeTu4Hi BiZoOMJIOMOCTI.

Kinvyesa nnacmuna — ne ti0, 1m0 Mae GopMy IOPOKHBOTO KOJIOBOIO
LWIIHAPA, BUCOTA SIKOI'0 3HAYHO MEHIIIa po3MIpy OCHOBH (pucC. 4.2).

gice cumempit

GHYMPIUHITI KOHMYD

—n-__.-_--h "-.EH““
— . . w
~—— ~ ~ JOBHIUIHIU KOHIVD
.
~

~
g (s

.

, H

cepeoUHHA NIOWUHA

Puc.4.2. 'eomeTpis KiIb1I€BOI MJIACTUHU
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PanianbHi TOBEpXHI MWIIHAPAa HA3UBAIOTh KOHMYpoM, ab0 OIYHUMHU
MOBEPXHSIMU KUIBIIEBOI IUTACTUHU, a BEPXHI Ta HUXHI TOpIIl UMJIIHIpA —
BI/IMOBIIHO BEPXHI Ta HUXKHI OBEPXHI IJTaCTUHU. [ eoMeTprUHE MiCII€ TOUOK, 10
PO3TAIIOBaHI HAa OJHAKOBIM BIJCTaHI BIJ 30BHIIIHBOI Ta BHYTPIIIHbOI TOBEPXHI
IUTACTUHH, YTBOPIOE CepeOuHHy HNIowuHy TIACTUHHU. ['eoMeTpito IUTacTHHH
3py4YHO 3aJaBaTv B IWIIHAPHUYHIN cucTeMi KoopauHat. [lonoxxeHHst Oyab-aKoi
TOYKH TUIACTMHU BHU3HAYAETHCS KOOPJAWHATAMH B IMIIIHAPWYHIA CHCTEMI
KOOpJIMHAT: a0CIUCOI0 I, KOJOBOIO (JIYyTOBOIO) KOOPJMHATOIO € Ta aruIiKaToro
Z .

['eomeTpist KUIBIIEBOI MJIACTHHU BU3HAYAETHCS PO3MIpaMH BHYTPIIITHBOTO
pajiyca @, 30BHIIIHBOrO pajiyca b ta Topmuuoro h. Bigcrans mMixk KOHTypamu
IUTACTHHU B3JIOBXK pajiyca HaKMBAE€ThCs MPONbOTOM IiacTuau |=b-—a.
PosrisHeMo TuTacTHHM 3 BICECUMETPUYHMM HABAHTAKCHHSM Ta 3aKPITUICHHSM,
SIKE HE 3aJIC)KUTH Bijl KOJIOBOT KOOpAMHATH. HaBaHTa)KeHHS TPUKIIAAAETHCS JIUTIIE
MEePICHANKYJIIPHO 10 CEPEAUHHOI TUIONIMHHU. Y TaKOMY BUTAAKY B KIJTBIIEBIi
IUIACTUHI ~ BUHUKAIOTh  BICECUMETpUYHI  jaedopmanii, mepeMilieHHs Ta
HaIPY>KEHHS.

Bubip mamemamuunoi moodeni nedhopMyBaHHS IUIACTUHU 3aJCKHUTh BiJ
CHIBBITHOIIIEHHS TabapuTHUX po3MipiB. [lmacTuHM pO3AUIAIOTHCS HA 3 BUIM:

1) TOBCTI MJIACTUHH 2) TOHKI TUTACTUHU 3) memOpanu
h 1 1 h 1 1 h
—_—>— —>—>— —>—
b—a 10 10 b-a 80 80 b-a

Tosecmi nnacmunu pPoO3TIANAIOTECA K 00 €MHE TUIO, B SKOMY BCi
Hanpy>KeHHs Ta Aegopmallii MatoTh CIIBPO3MIPHY BEIWYUHY. i 1X BU3BHAYECHHSI
HEO0OX1JTHO PO3B’A3yBaTH MPOCTOPOBY 3a7ady T€OPii MPYKHOCTI.

Y memobpanax 3amada 3BOAUTHCS 10 JOCHIKEHHS AehOpMyBaHHS
CepeANHHOI TIOBEPXHi, B SKii BHUHHMKAIOTH JIUIIE€ HAMPYXEHHS PO3TATY, IO
PO3NOJUISIOTHCS PIBHOMIPHO 32 TOBILIMHOIO T4 MOXKYTh OyTH BU3HA4Y€H1 13 YMOBU
piBHOBArM.

Jnst monkoi naacmunu 1l Hapy>KEHUU CTaH MPU MONEPEYHOMY 3THHI
no10HUI HAMIPYKEHOMY CTaHy BY3bKOi OalKU OAMHUYHOI UpUHU. Binomo, 1mo
SKIIIO HABAaHTAKEHHS PO3MOJUICHE MO JOBXKHHI MPOJIHOTY OANKH, TO BEIUYUHA

HOPMAJIBHOT'O HAIIPY>KCHHA O, CKIIaAa€ Ol OJHOI'O Bi,Z[COTKa Bi,Z[ BCIIMYNHHU

HaANOUIBIIOr0 HOPMAJILHOTO HAIpYKeHHs. ToMy B Teopii 3rMHY TOHKUX TUIaCTHH

O, HEeXTYIOTh. TakoX NpUIMalOTh TIMOTE3y MPO BIACYTHICTh THUCKY NIapiB
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INTaCTMHU OAHWH Ha THIITWH: HOpMaHBHi HaIIpy>KCHHA MIXK mapaMu IJI1aCTUHH

o, =0 BixcyTHI. 3BIICH BUIUIMBAE, 110 OYIb-SIKUH LI1ap MJIACTUHU, NAapaJieIbHUI

il cepeAMHHIN TUIONINHI, 3HAXOJIUTHCA B TNIOCKOMY HANPY>KEHOMY CTaHi.

[Ipy momepeyHOMY 3THHI KiIBIEBOI IUIACTMHHU 1i CEpEIWHHA IUIONIHMHA
NEPETBOPIOETHCS B CEPEMHHY TMOBEPXHIO 1 BCl TOUKH MOMEPEYHOr0 MEPEpi3y
OTpUMAIOTh NiepeMillieHHs. BepTukanbHa cki1a10Ba MOBHOTO MEPEMIIIEHHS TOUOK
IUTACTUHU HA3UBAETHCA MPOTMHOM W. BaXJIMBUM € BiHOIIEHHS MPOTHUHY 10

TOBIIMHU IIJIACTUHH, IO XapaKTCPU3YE )I(OpCTKiCTB ITaCTHHH.

[M'ayuki TOHKI [M'ayuki TOHKI1
IUIACTUHU ~ HEBEJIUKOIO | IIaCTUHU BEJIMKOI' O
IIPOTUHY IIPOTUHY

w 1 w 1

—max - — 2> _Mmax - =

h 3) h

Ilhacmunu nesenuko2o npozuny HeCyTh Take MONEPEUYHE HABAHTAKECHHS,
10 MPOTHH MaJIi B MOPIBHSAHHI 3 TOBIIMHOW. JlegopMallisi CEpeIMHHOTO MIapy
IUIacTUHU MeHIne 2%, TOMY HEl0 HeXTYI0Th. Lle crpoiiieHHs BijoMe sIK TirnoTe3a
PO BIJICYTHICTH AedopMalliil po3TIry cepeIMHHOT TOBEPXHI 3ITHYTOi MIACTUHU.
B Bunanky eenukux npozunie rnjiacTuHa NporuHAETHCS Ta CTBOPIOE AeopMalliio
CEepEeIMHHOTO 1Iapy, SIKOI0 He MOXHa HexTyBaTH. [Ipu oMy nocraHoBka 3agadi
CTa€ HEJHIMHOIO.

I'nyuki monki naacmunu HEBEIUKOTO NPOTUHY MIANOPSAKOBYIOTHCS
rinoresi npsmMux Henedopmoanux HopMmaiei Kipxroda-Jlssa, mo rpyHTyeThCs
Ha (pakTi ManocTi KyToBUX aedopmaliiii B OKOJI JOBUIBHOI TOUKH CEPEIUHHOI
MMOBEPXHI IJIACTHUHHU.

I'inome3a npamux nopmaneii Kipxzogha-Jlaea:

Beaowcaemo, wo 06y0b-saKuti npaAMORIHIHUL BIOPI30K, HOPMALbHUL OO0
CePeOUHHOI NIOWUHU 00 HABAHMAMNCEHHS, 3ANUUAEMbCA nicas oepopmayii
NPAMONIHIHUM [ HOPMANbHUM 00 CePeOUHHOI NOBEPXHI, Y AKY NePemeopOEMbCs
cepeOuHHAa NIOWUHA NIIACTUHU.

[more3y mnpsMuUX HOpMaled MOXKHA TpPaKTyBaTH SIK  BUMOTY
HE3MIHIOBAHOCTI MPSAMMX KYTIB MK MPSAMOJIHIMHUMH BiApI3KaMU 1 JTOTHUYHOIO
IUIOLIMHOI0. A 1I€ 03HAYae€, M0 B OKOJII JOBUIBHOI TOUYKH CEPEAUHHOI IUIOIIMHU
BIJICYTHI 3CYBH.
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Puc. 4.3. I'imoTe3a npsaMux Hopmasen

3 rinore3u Kipxroda-JIsgBa BUILIUBAIOTH TE€OMETPUYHI 3aJIEKHOCTI MIXK

HepeMiHICHH}IMI/I TOYOK IINIACTHUHU.
dw )
Q= ar KYT II0OBOPOTY II€pepI3y;
r

dw .
u(r,z) =—Z—— — ropu3oHTaIbHE MEPEMIIIIEHHS TOYOK IIACTHHH;

v(r,z) =0 — nmepeMmilIeHHs 32 KOJIOBOIO KOOPIUHATI.

TakuM YMHOM 13 TPHOX HEBIJOMHX (PYHKIIIH MEPEMIIICHb 3aIUIIAETHCS
HeBioMor0 QyHkiis nporuny W(r,z). BpaxoByroun 3akoH ['yka Ta piBHsHHE
crniBBigHomeHHs Ko, Ha puc. 4.4 mokazaHO PO3MOAUT HOPMaJbHHX Ta

AOTHUYHHX HAIIPY’KCHHSA 3a TOBHIMHOIO KiJ'IBI_[eBO'I. II1aCTHUHH.

Puc.4.4. HopmainbHi Ta JOTUYHI HANIPY>KEHHA Y TIepepi3l MIaCTUHU.

BHyTpimiH1 3ycuiiis BUpakaroThCs yepe3 MPOruH HACTYITHUM YHHOM:

d®w udw d®w 1dw
M.(r)=-D| —+~—1|; M,(N=-D| u—5+-—1;
(") dr2 r dr o(") Parz
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Q()__Dd(ld( de’ @)

drirdr{ dr
3
1e D= E h
1-u®1
dopmynu 71 BU3HAYEHHS HOPMAJIbHUX HANpPYXEHb uYepe3 BHYTPIIIHI
3YCHILIIA:
M,z M,z
GI’ = r , 69 = 0 )
I I
M M
max r max _ "Y1 9
o =—, O , 4.2
r W 7 W ( )
ne | = h3/12, W =1/h — MoMeHT iHEpIlii Ta MOMEHT OIOPY IS IPSAMOKYTHHKA
OJIMHUYHOI IIUPUHHU.
JIoTUYH1 HANIPYKEHHS:
Q,S(z 3Q
T, :_%()’ T :_ETr : (4.3)

JudepenuianbHe piBHAHHS 3TUHY KPYTJIUX IJIACTUH 3aMUCYETHCS SIK:

e e
drl dr{rdr( dr D

OyHKIIS MPOTWHIB KUIBIIEBOI IUTACTHHH € CYMOK OJHOPIAHOrO Ta
HEOJIHOPITHOTO PO3B’SA3KY PIBHIHHS (4):

w(r) = X,r2Inr +X,r+ X Inr + X, +Ww(r), (4.5)

ne Xy, X,, X3, X, — JOBUIBHI CTaJll, [0 BU3HAYAIOThCA 3 TPAHUYHUX YMOB.

YacTuHHUI PO3B’SI30K HEOMHOPITHOTO AU(PEPEHIIaTbHOIO PIBHIHHS
BU3HAYA€ThCA YEPE3 PO3NO/I1IIICHE HABAHTAXKEHHS (],

_ 1.1 1
w(r):BIF(erF(]rqzdr)dr)dr)dr. (4.6)
Kyt noBopoty nepepi3y KiabLEBOi IUTACTHHMU:

dw(r)

o(r) = 1(2r|nr+r)+2X2r+Xg,%wtgﬁ(r), (4.7)
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ac o(r)= di(fr) :%% rU%(Irqzdr)drjdr.

PamiansHui 3ruHaIbHUIT MOMEHT:

M r(r)=—D((2(l+,u)|nr+3+,u)X1+2(1+,u)X2 +“r—;1x3j+ M (1), (4.8)

- d®w udw
hi(S M (r)=- [—+—— )
Konosuit 3ruHajIbHUNA MOMEHT:

Me(r):—D((2(1+,u)lnr+3y+1)X1+2(1+y)X2 +1r‘—2“x3)+ M ,(r), (4.9)

e I\ﬁg(r)z—D( w, 2w,

[TonepeyHa cuia B epepisi 3 HOPMAILIIO I

4D
r

= d(ld( dw
(S Qr(r)__DE(FEKrEjJ .

4.2. AHaJiTHYHU PO3B’° 30K KijlbIeBOI IJIACTUHH

Qr(r):_ X1+Qr(r)

(4.10)

JlaHO KUIbLIEBY IUIACTHUHY 3 OCECUMETPUYHUMM TI'PAaHUYHMMH yMOBaMH,
300paxkeHy Ha puc. 4.1. IloOynyBatu emtopu BHYTPIIHIX 3yCHIIb, HAIPYKEHb,
NPOrUHY Ta KyTa MOBOPOTY.

| q

‘ | e % Ty "/‘ *‘“ Hano: a=0,4m, b=1,4 m,
o hF Y F=60xkH/m, q=5xH | n2,

B b - t =80 ym , amoMmiHiit

Puc. 4.1. Ilonepeunuii nepepis KpyroBoi #=0,32, E=701Tla

I1aCTHHHU
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Po3é’a3annsn 3a0aui.
1. BuzHauaeMo IWITIHAPUYHY KOPCTKICTh TUIACTUHHU:

3
D= 70000 0,08 =3327,39 kHm .

T1-032%2 12

2. 3anucyeMo rpaHU4H1 YMOBH:
['paHn4Hi yMOBM Ha BHYTPIIIHHOMY KOHTYpi tuwiactuHu npu F=0,4 u

(BUTHHUI KOHTYP):
Q(O,4)=60 kHIm; M r(0,4)20,

['panvdHi yMOBHM Ha 30BHIIIHBOMY KOHTYpi TuracTuHu nipu I =14 u

(>KOpCTKe 3aleMJICHHS ).
W(1,4) =0; go(l,4) =0.

3. JIu1s KO’KHOT B1JJOMOi TPAaHUYHOI YMOBH 3alIMCY€E€MO BIAMIOBIIHE PIBHSHHS
Ta 3 CUCTEMU JIIHIHHUX aJireOpaiyHuX piBHSIHb BU3HAYAEMO CTaJIl IHTETpyBaHHS.

W(L 4) = X ,1,42InL,4+ X ,1,4% + X3InL 4+ X, +W(L,4) =0.

OCKITbKH PO3MOALJICHE HAaBaHTAKEHHS 32 KOOPAMHATOI ' (, =S«H [ m

CTaJjie, TO YaCTKOBHM pO3B 30K BU3HAYAETHCS IHTETPYBAHHIM:

5 1,44

4
V_V(r)=£r—, W(L,4)=—.-="_=0,0902-103;
D 64 D 64

p(L,4)=X,(2-1,4InL,4+1,4)+2X,14+ x3ﬁ+(p(1,4) =0,

3 3
_.oq,rt _ 5 1,4 3
e p(r)=—2—, pL4)=—""=0,25771-10"3,
e ?0=715 P49=p 6

M, (0,4)=-D(2(1+0,32)In0,4+3+0,32) X; —2D(1+0,32) X , -

0,32-1 _ ,
D Ve X4 +M,(0,4)=0;
_ q,r’ _ 5.0,4°
M, (r)=—"2—(3+ ), i,(0,4)=— (3+0,32) = -0,166.
16 16
4D _ _ r - 5.0,4
Q(0.4) ==X, +Q,(0,4) =60, Q, ()= -2, Q,(0.4)=->2= =1,
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OTpumaii cucTeMy JIIHIMHUX anreOpaiyHuX PIBHSHD:

[ 0,6595X, +1,96X , +0,3365X 5 + X, =—9,0198-10;
| 2,3421X,+2,8X,+0,7143X s =-25,771-10°%;

—2997,9547 X , —8784,3137X , +14141,4141X , = 0,166;
~33273,9156 X, = 61.

L

Po3B’s13yeMo cucTemMy piBHSHB:
X,=-1,833-10; X,=1332-10"% X,=0,4273-10°;, X,=-1,637-10"2,

[lincTaBnsieMo cTayli IHTETpYBaHHS B OCHOBHI PIBHSHHS, 3MIHIOIOYHU
pagiaibHy KOOPJIMHATY BU3HAYAEMO BHYTPIIIHI 3yCHILIA Ta IEPEMIIIICHHS:

Fm W, 107° M @, 10°° par M, kHMm/M M, kHM/M Qr kH/™m
0,4 -1,562 2,80 0,00 -20,89 60,00
0,5 -1,29 2,59 1,22 -15,07 47,55
0,6 -1,04 2,38 2,81 -10,96 39,17
0,7 -0,82 2,16 4,41 -7,81 33,11
0,8 -0,61 1,92 5,92 -5,27 28,50
0,9 -0,433 1,653 7,31 -3,15 24,861
1,0 -0,28 1,36 8,57 -1,33 21,90
1,1 -0,16 1,05 9,71 0,25 19,43
1,2 -0,07 0,72 10,74 1,65 17,33
1,3 -0,02 0,37 11,66 2,89 15,52
14 0 0 12,49 4,00 13,93

Busnauaemo ekcTpeMainbHl HampyXeHHs. MakcuMallbHl BHYTPIIIHI
3yCW/UIA BHUHHMKAIOTh B JKOPCTKOMY 3akpimieHHi npu F=0,9.m. Biamosiaxi

pajiaibHe, KOJIOBE Ta IOTUYHE HANPYKEHHS IPUUMAIOTh 3HAYEHHS

max_GMr _6'7,31

o = = :6,85MHCZ,
r h? 0,082
& 6M29 _ 6'3’15 ~2,95 Mlla:
h 0,08
max __3Qr 32486 _ 4 a1

fr =T T 20,08
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Puc. 4.6. Entopu BHYTpILIHIX 3yCWIb B IIACTHHI

4.3. Mopean 1. BicecumerpuuHa 3a1aya

VY nauiii Mojeni KilbIleBa IJIACTUHA PO3IIISAAETHCS B IUIOMIMHI 11 Iepepi3y,
BPaxOBYIOUM OCHOBY cHUMeETpit0. lle m03Bosisie NPUIIBUAIIUTH PO3PAXYHOK,
3MEHIIUTH KUJIBKICTh HEBIIOMUX.

1. IMToyaTkoBi HaTaIITYBaHHS MojeJi 1.

Jlns 3D BinmoOpaxeHHs pe3ysbTaTiB BICECUMETPUYHOI 3a/1a4l HEOOXITHO B
MmeHto Tools — Options...— Appearance 3pobutn akTuBHOKO (yHKIiIO Beta
Options, 1110 a€ 3MOTry Bi10Opa3UTH KiJbIIEBY IJIATHHY O KOJOBIH KOOPMHATI.
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E Options - m} X
... Proje Triple -
--..... anooane O ptions
- Graphics Interaction Multiple
- Journals and Logs
- Project Reporting
- Solution Process Meshed
- Bxtensions |
-~ Mechanical APDL
[#- Design Exploration Display
- Distributed Compute Services
.. Brternal Data ’MQMQE
- Fluent 5 |
Mater\a! Designer Mumber of Files in Recently Used Files List
Mechanical 4 |
Meshing
Engineering Data ¥ Beta Options l
Ansys Minerva
Microsoft Office Bxcel [~ Unsupported Features
TurboSystem
Geometry Import ¥ Text on Toolbars
™ Connections are Bundled at Startup
¥ System Coordinates are Shown at Startup
¥ Quick Help Icons in System Cells
¥ ‘Word-wrap Text in Tables
v
Restore Defaults 0K | | Cancel

Kpoxk 1. ITepersaryemo moayns Static Structural y mone Project Schematic.

Kpoxk 2. IIpu Buainenni moayias Geometry 3’ssisietbes Tadauis Properties of
Schematic A3: Geometry, Bcranosmoemo Analysis Type — 2D, mo6 B
MOJAJIbIIOMY pO3IVISIAATH BICECUMETPUYHY KUIbLUEBY IUIACTUHY B CHUCTEMI

koopauHaT XY. Bick Y aBTOMAaTHYHO SBISETHCS BICCIO CUMETPII.

n Kineueea nnactuna - Workbench

File Tools  Units  Extensions  Jobs

wHBe
== N

d]lmport..‘ ‘ -+ Reconnect Refresh Project # Update Project ==AC|' Start Page

View Help

Project

Project Schematic

B Fluid Flow [Fluent with FluentMeshing)
@ Fluid Flow (Fluent)

@ Fluid Flow (Materials Processing)

@ Fluid Flow (Polyflow)

) HarmonicAcoustis

Harmonic Response

@ Hydrodynamic Diffracion

@"b HydrodynamicResponse

i LsDYNA

|Gl LS-DYNA Acoustics (Bets)

¥ LS-DYNARestart
[} Magnetostatic
Modal

) Modal Acoustics
fili Random Vibration
fily Responsespectum
[z Rigid Dynamics

6 "(ﬁ Solution
7 @ Results

e

Properties of Schematic A3: Geo

M

A

Property

Component ID

Value

Geometry

Directory Mame

5Y5

Blw ||~ o |wv| s fw m| -

Monens 1. Kinbuesa NNacTHHa BiCECHMETPW4HA

- Speos

S Siaticacoustice

e
[l Structural Optimization

g Analysis Type —

Update Condition Parameter (Beta)

Notes

Last Update Used Licenses

Geometry File Mame

try Optiol

Analysis Type

Mone =

C:\Users\User\Desktop
WMeToanaka Ansys\3anaui
B Ansys\Kinsussa
nnactura\Kinsuesa
nnactuna_files\dpoisysipm
\5¥S.scdoc

o -

Compare Parts On Update

Mo b

2D 7

Smart CAD Update

% Substructure Generation

T -

Import Using Instances

E=

2. CTBOpeHHsI TPOCTOPOBOI Mojedi B rpagiuHomMy cepeaoBHILi

SpaceClaim.

Kpok 1. AkruByemo monynb SpaceClaim. Haruckaemo n.k.m. Ha Geometry —

Edit Geometry in SpaceClaim.
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B2 Kinbuesa nnacuma - Workbench - O x
File  View Tools Units Extensions Jobs  Help

GEBE

J 13 Lg El., Project

ﬂ]lmport..‘ ‘ +@ Reconnect Refresh Project  # Update Project | | ACT Start Page

Properties of Schematic A3: Geome * o X

ECY Fluid Flow (Fluent with Fluent Meshing) A 5
@ Fluid Flow (Fluent)
@ Fluid Flow (Materials Processing) - 1 I EETA) ELE
@) Fluid Flow (Polyflov) — ? =
0 = statics a
[ HarmanicAcoustics l 7 SmESarEe] 3 Component ID Geometry
HarmanicResponse 2 @ EngneeringData A 4 Directory Name SYS
@ Hydrodynamic Diffradion E Ge = = Update Condition Parameter (Beta) | Maone hd
@ HydrodynamicResponse 2 ﬁ Mo [l Edit Geometry in SpaceClaim.... "
[ Ls-DYNA . 5| @R set Notes
@ L5-DYMA Acoustics (Beta) 6 Sl m Edit Geometry in Discovery... d
L5-DYNA Restart
] Replace Geometry 4 Last Update Used Licenses
|i] Magnetostatic 7 @ Res
— @ Export Blade Neutral Data Format. ..
) Modal Mogene 1. Kinsues T
" . " \Users\User\Desktop
@ MuddalAcU:shs 53  Duplicate WeToanka Ansys\Saaavi
@’_ RandomVibraton Transfer Data From New 3 Geometry File Name 5 Ansys\inbuesa
[lf ResponseSpectrum nnacThHa\Kinsuesa
Transfer Data To New 3 nnactura_filles\dp0iSYSiDM

éﬂ; Rigid Dynamis \5Y5.scdoc

Speons

BB s ) 7 Update 3 Advanced Geometry Options

L Static Acoustis _I
-

Update Upstream Components

@ Static Structural Analysis Type )

[ steady-State Thermal [#] Refresh Compare Parts On Update No =l
@ Structural Optimization Reset Smart CAD Update

B Substructure Generation Rename Import Using Instances

Thermal-Electric

Properties

Kpok 2. 3a momomororo ¢ynkmii Select New Sketch Plane ta obupaemo
wiomuHy XY.

Kpok 3. Jliniero ~ KpPECIMMO MPSMOKYTHUH KOHTYp Hepepi3y KUIbLEBOI
IUTACTHUHU 3 JJOBUTBHUMU PO3MipaMHu.

Kpoxk 4. Bics Y Oyzae Biccio cumeTpii, TOMy pO3TallIOByeEMO KOHTYp Ha BIJCTaHi
a =400 ymm . Bice X npoxoauTh 4epe3 LEHTP Baru NpsiMOKYTHOTO KOHTYpY. s
NpU3HAYCHHS PO3MIPIB BUKOPUCTOBYEThCS PyHKIIis Dimension.

Kpok 5. Haruckaemo End Sketch Editing “==", mo6 3aBepiinTi reoMeTpiro.

3akpuBaeMo cepenosuie SpaceClaim.

ot

L‘B { ) N * 1l @ =4 [ k 4 2%

2 Plan View f 1 =Lkl @ & & @
Paste ¥ § - Line [Circle Rectangle ., 3 *7) 2 > x Di o 4l >~ N s Autoconstrain Selec:t Pull  Move Fill
Clipboard Orient = Create Modify Constraints Edit

i~

Options - Dimensio.
Click a rgtence to starffcreating dimengn. Ctri+Click two objects ta create a virtual point or line
Dimensicn Orientatia * 3 .
V- i 4. TlpuzHayaeMo pO3MIpU Ta

[ofsaLs.a '\n.

Prpin MPUB’SI3KY Mepepi3y TIaCTUHU
M WID:J' i“D::aun T 1
<2 Mn:lnzldm;;ﬂauh 2 80mm 40mm77*
L Default
W Default 1
v General
Expre: 30mm
o e 400mm 1000mm
Value 80mm
~ Precision
Decir Defautt

1400mm
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3. CTBOpeHHSI HOBOT'0 MPY>KHOT0 MaTepiay.

[lo BapianTy 3amaHo amoMiHIA: Moaynb TmpyxkHocti 70000MIla,
koedimient [Tyaccona 0,32.

Kpok 1. Bigkpuaemo moayns Engineering Data. O6upaemo Engineering Data
Sources. CtBoproemo 6107110TEKy HOBUX MartepiaiiB, ab0 3aXOAMMO B paHiIe
crBopeny — My material ta ctBoproeMo HOBHIT MaTepian — amoMiHii 1.

Kpoxk 2. 3 Toolbox mepersryemo HeoOxiaHi GpyHKIIIT Ha HA3BY HOBOTO MaTepiaiy:
Isotropic Elasticity (npy»Hi BaactuBocti Tina). Y BikHi Properties of Outline
Row 3: Amominiiil 3amaemo: Young's Modulus = 70000 MITa ta Poisson’s
Ratio = 0,32. Haruckaemo Save nasnporu My material ra npudupaemo pexxum
penaryBanss. Jlogaemo cTBopeHuid matepian 10 Engineering Data Hatuckarouu

LL'J .

Kinbuesa nnactuna - Workbench _ ] ®
File Edit Wiew Tools Units Extensions Jobs  Help
== =

“I" Filter Engineering Dats

— = ILE: T A
Field Variables ~ A B| C D ~ A B

& Physical Properties 1 Data Source j Location Description 1 Temperature (C) .~ | Poisson's Ratio

T4 Density 15 | @ my B =) 2 0,32

Isotropic Secant Coefficient of Therm:

% Orthntfopicsacantcaeﬁ! Tnor e = m | =

E] Isotropic Instantaneous Deffzem:o 17 ﬁ My material d

E] Orthotropic Instantanes Co&icien = Clid € 1o add a new

E] Melting Temperature v

wﬂ-,—l_ of My material
{ E‘ A B C ) E

m 1 Contents of My material = Add OUrce Description

Hyperelastic Experimental Data

Hyperelastic 3 %} Antominiin 1 =h | @ |2

Chaboche Test Data 4 Beron C16/20 ar g, m = il
Bl Plasticity = :_’Eff foadda nes ! Poisson's Ratio mepe

E] Bilinear Isotropic Hardening
E] Multilinear Isotropic Hardening

. . . 0.5
E] NonlfnearIsotrnp!cHarden!ngPowert = e l B
E] Nonlinear IsotropicHardening VYoce La E +

o
=}
%4 Bilinear Kinematic Hardening A B c &
%3 Multilinear Kinematic Hardening 1 Property Value Unit T 0
G
'EI Chaboche Kinematic Hardening 2 = E Isotropic Elasticity "
'E] Chaboche KinematicHardening wj Stat 3 Derive from Young... LI &
E‘ Anand Viscoplastidty 4 Young's Modulus 7TE+10 Pa hl 0.5
% Exponen\ilal\ﬂs‘c;::denmg(EVH)Vl 3 Poisson's Ratio 0,32
erzynaViscopla
Bulk Modul 6,4815E+10
4 Peirce Viscoplastidty £ e Moduius 5 Pa .
E‘ Gurson Madel . 7 Shear Modulus 2,6515E+10 | Pa iy e P Py 1
B= e ens -
Temperature [C]
| b d View Al f Customize. ..
o Ready ["¥ Job Morniitor...  EEINo DPS Connection |71 Show Progress || 4k Show 5 Messages

4. Po30uBKa CKiHYEHHUMM e€JIeMEHTAMH, MPU3HAYEHHS TPAHUYHUX
YMOB.

Kpok 1. BigkpuBaemo monyne Model. Tlpusnagaemo martepian AsmomiHii 1:
akTuByeMo B nepeBi Geometry-SYS\Surface, y Bikni Detailes of SYS\Surface
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HeoOXiHMK Martepian Ta oOupaemMo BicecuMmeTpuuHy 3amady. Details of
“Geometry” — 2D Behavior — Axisymmetric.

—
. [Eﬂ = Context A: Mogeab 1. Kinbuesa NAacTuHa sicecumeTpuyHa - Mechanical [Ansys Mechanical Enterprise] - [m} x
Home Geometry Display Selection Automation Add-ans Quick Launch ~ @ 0'

D * FEH Susmedselection [ commands @ images - 'i ﬂ f"l @ @ ﬁbu B Body Configure Deta |0
0 e
(=] i Coordinate System CJComment [l Section Plane = == i B set

Point Distributed | Transform Delete Surface Element

Dupllcate Q Sn'Ive Ana'\ysls @, Remote Point L Ehart B3 Annotation Part Part(s) Coating Orientation B3 Revert

Qutline Solvers Insert Mass Madify
Ouiine EE cQ@v® %% 0-+QAQAQAQ st kv FREDRERE P E -
Name ¥ |Search Outline | ™

[ project

B Hodel (a4)
Geometry Imparts
[T Geometry

[
- AT Materials
Details of "SYS\Surface” :o i

‘Graphics Properties
[=I| Definition
Suppressed No
Stiffness Behavior Flexible
Coordinate System Default Coordinate System
Reference Temperature | By Envlronﬁ ent ¥
2D Behavior Axisymmetric
Treatment Nane .
[=I| Material bg
Assignment Anominin 1 0,000 Q600 (m)
Monlinear Effects Yes 0,300 !
Thermal Strain Effects | Yes

Kpok 2. B nepeBi mpoekTy mMepexoauMo 10 CTBOPEHHS CITKH CKIHYCHHHX

- W oi=a

enemenTiB Mesh @ Mesh  perapoBimoemMo MmaciTa® citku Element Size

=0,05 M Ta reHepyeMo CIiTKY ¥ GenerateMesh

—
. H & Context A Mogens 1, KinbLesa nnacTiHa BicecmMeTpuysa - Mechanical [Ansys Mechanical Enterprise] - [m} x
Home Mesh Display Selection Automation Add-ons Quick Launch ~ @ 0'

FB)% & - o

Update§Generate J Surface Source/Target | Controls Mesh | Metrics
q Edit~ Display™

Mesh Preview
e 1=t - . . IE‘U @ G O-4 0 Q@ @ @ Sdc % Mode- @@.@@m,;x.@@ »
. Name [ search Qutline |~

b @ Geometry
H B SY5\Surface

-

Details of "Mesh" o
[=] Display
Display Style |Use Geometry Setting
(-] Defaults

Physics Preference | Mechanical

Element Order Program Controlled
Element Size {5,e-002m W

Sizing
Quality L
Inflation X
Batch Connections 0,000 0,600 {m)

]

Advanced 0,300
Statisti

F F B EE

Kpok 3. B nepeBi odbupaemo Static Structural (A5) ta npuzHayaeMo KOpPCTKe
3aKpIIJICHHS 30BHIIIHBOI0 KOHTYPY IutacTuHu. Bkiagka Environment — Fixed,
obupaemo npaBy rpanb. Y BikHi Details of “Fixed Support” odupaemo micie
pO3TalllyBaHHsI ~ JKOPCTKOTO  3aKpITJICHHS, JUI  BUJIUJICHHS rpaHi

TRREERERRE

Ta HATHUCKa€EMO

BUKOPHCTOBYEThCs (yHkiis Edge

Apply.

40



' [El & Context A:Mogene 1. KineLesa NNacTkHa BicecMMeTpUYHa - Mechanical [Ansys Mechanical Enterprise] - [m] x

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

nm @Namedie\edmn ECummands @\mages' @ 5
IO~ % =& . o @ F =

3 Coordinate System [ JComment E.Sectlon Plane

DupEcate Q Suvlve Anavlysls #, Remote Point LJJ.I Chart EAnnotatlon \ne'rt\al Stru:‘tura\ IrrEggerthdFl;loe?d Edit Tools V\iws
Qutline Solvery Insert Imported
Outline MEAERY A Q (Rew & % O-4 Q6 @ @ @ Select " Mode~

tline | o ! Acceleration
Standard Earth Gravity

Rotational Velacity

@ @

Export Mastran File . .
Rotational Acceleration
Duplicate
Pressure
Details of "Static Stn Clear Generated Data Hydrostatic Pressure

o ere— Delete

= Definition e
Physics Type Ao Rename F2 Remote Force
Anal T i
% B3 Group All Similar Children Bearing Load
olver Target
_79 o " " Balt Pretension
= Options 5 Open Solver Files Directory

Moment 1

o Al
Thermal Condition
Joint Load 3 BHHIHHGMO rp I’].:B

Environment T¢ Y7 Filter Based on Environment (Beta)
Generate Input Or g

Export CAERep Files (Beta)
$  Apandon RSM Jobs (Beta)

gofelorcesropens o8

{ Fixed Support 1 *
— e o | (yuxiis Edge
Displac 2
Remote| (=T L J
o Insert a Fixed Suppert boundary condition
Messa @ Friction to prevent a selected geometric or mesh
Graph B Comprd 7 entity from moving or deforming.
% Cylindri 1
1
[® Eastic (1) Press F1 for help. |
Imported Load (Result File)
[

Motion Loads...

Element Birth and Death r deforming. &1 Message Mo Selection

- [Eﬂ b Context A:Mogenb 1. Kinbugsa NAacTuHa BicecumeTpuyHa - Mechanical [Ansys Mechanical Enterprise] - [m} x
Home Environment Display Selection Automation Add-ons Quick Launch ~ @ 0'
I % g ﬂ M amed Selection  [I: Commands (@) Images @. @, @ B B
w * Coordinate System L Comment E.Semon Plane L
Duplicati Sal Analysi Inertial | Structural | rted Load Edit Tool Vi
CLEE Q olve | AnalSS @ pemote Point |1l Chart B Annotation | "o | R Rl ! ools | Views
Qutline Solvers Insert Imported
Qutline o300t s s = 0Ox QQ E‘, &% O-4 Q0@ @ @ Selec *Moda- ; ¥
© Name - |Se tline | o

-, Static Structural (A5)

@ Fixed Support

Scoping Meth,

Definition

ID (Beta) 36

Type Fixed Support
Suppressed Mo

BHILUISIEMO TPaHb

0,000 0,600 (rm)
0,300

Kpok 4. V nepesi odbupaemo Static Structural, 3anaemo cuny F; 3a monomororo
Briaaku Environment — Structural — Force. V¥V Bikui Details of “Force”

o0MpaeMo MicIie po3TanTyBaHHsS CHJIH, JIJIsS BUAUICHHS TpaHi MPUKIIAJaHHS CHIIH
BUKOPHCTOBYETHCS byHKITIS Edge Ta HAaTHUCKAEMO Apply.
F,=F -2zr =60000-27-0,4 =150796,45 H (cuna po3noaijieHa mo Koiy).
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. El 5 Context A:Mogenk 1. Kineuesa NAacTMHa BicBCUMETPUYHA - Mechanical [Ansys Mechanical Enterprise] - ™ »
Home Environment Display Selection Automation Add-ons Quick Launch ~ @ o'

EE ®uamed selection  E Commands @ images~ @ =] . & E
[ % B - 3% 2

K Coordinate System [JComment E.Section Plane
. . @, Remote Point |.LL[ Chart [ Annotation Ine'rtlal Stru:‘tural I”}gs{ﬁ?gﬂ?d Edi TO'OIS Vle"ws
Qutline Solvers Insert Imported

> 40 QA Bw& %% O-4 QA @G Q Scect  Mode~

Duplicate Q Solve Analysis

g ) ¥
myPR 2

| Search Qutline | »

-l Analysi Insert

P @ Acceleration 0 N
e BB Fixed
v o e ST i % Standard Earth Gravity
‘(3’ Force L) Export Nastran File 5
J: Pressure (] Duplicate &, Rotational Velocity
H-- & Solutio .
@, Rotational Acceleration
Details of *Static Structural & Clear Generated Data
[=| Definition % Delete @ Pressure
Ph T @, Hydrostatic Pressure
ys\{s. vpe aIb Rename F2
Analysis Type [3__ Force
Solver Target D Group All Similar Children —
e
=0 ns S Open Solver Files Directory ﬂ Bed barce
Environment Temperat X Insert a Force load that 4 Y
[Generate Input Only Input Only Y Filter Based on Environment [Beta) ;,i Eal distributes a force vector
T 8 Export CAERep Files (Beta) @, Mo A across one or more topalogia °
;3 Abandon RSM Jobs (Beta) (.;\ Joi X
® Press F1 for help. 0,600 (i
@ F e =
I 0,300
. H 5 Context A Mogene 1. KinbLgsa NnacTWHa BiceCMMeTpUYHa - Mechanical [Ansys Mechanical Enterprise] - [m] x
Home Environment Display Selection Automation Add-ons Quick Launch ~ @ o'

Ig % g B named selection [ Commands ([@images~ _@ @ Gﬂ F =

¥ Coordinate System [JComment E'Sectmn Plane
Inertial | Structural | rted Load Edit Tool Vi
#, Remote Point L Chart Eannotation | o | e ! ools | Views

Duplicate Q Salve Analysis
Qutline Solvery Insert Imported

Qutling o v O] X QQ IE',.Q? D?BDD C":‘QQQ@.Q SEIEd*MUdE' 3
© Name | Search Qutline | %
Eh/[4 Static Structural (AS5) ~

Ei Analysis Settings

[/ Scope
Scoping Method
[= Definition
ID (Beta) 38
Type SEOLCE v
Define By I Companents
Applied By surface Effect Y
Coordinate System | Global Coordinate System X
¥ Component L bl lamosd 0,000 0,600 {m)
¥ Component | 1,508e=005 N (ramped) 0,300 :
Suppressed No

Kpok 5. Posnozninene naBantaxkenusi (| =5000x//a mpukianaeTbcs y BUTISAL

Environment - Structural — Pressure, Define By Components — Y
Component = -5000 ITa.
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H H & Context A Mogens 1, KinbLesa nnacTiHa BicecmMeTpuysa - Mechanical [Ansys Mechanical Enterprise] - [m} x

Home Environment Display Selection Automation Add-ons Quick Launch ~ @ 0'
ﬂm 8 yamed Selection Eccammands @\mages‘ ] =
= =
O x % ] . @ F|E

* Coordinate System [JComment E.Sectiun Plane
Inertial | Structural Imported Load Edit Tools = Views

! o #, Remote Point L Chart [ annotation . [Result File] . -
Qutline Solvers Insert Imported

Qa@wE %% C-rQAAAAQ skt FRERRERE D

Duplicate Q Solve Analysis

(@  Acceleration

Standard Earth Gravity

L1 Export Nastran File

— N ) ]
B P IO Duplicate Rotational Velocity
. (5] .,a.-: s Clear Generated Data . Rotational Acceleration
Details of "Static Strus P
ElDefon | X Delete | Presure I
Physics Type Jo Rename F2 ) ¢
Analysis Type ﬁ.
Solver Target 5 Group All Similar Children @, Remote Forc Insert a pressure load that applies a constant
- = Gpen Salver Files Direct - pressure or a varying pressure in a single direction
E‘mn_si =] pen solver Fles Lirscton ) Bearing Loa (x, y, or z) to one or more flat or curved faces.
| Environment Ter Y Filter Based on Environment [Beta) w4 EBolt Pretensi Y
Generate Input Onl
————————— $ Export CAERep Files (Beta) @, Moment | () PressF1for help.
.
% Abandon RSM Jobs (Beta) % Joint Load x
@ Fixed Support 0,000 0,600 ¢y
@ Displacement 0,300

H |E| = Context A Mogene 1. Kinbugsa nnactuHa sicecnmetpryna - Mechanical [Ansys Mechanical Enterprise] - [m} »

Home Environment Display Selection Automation Add-ons Quick Launch ~ @ 0'
ID x g S pamed selection  [F Commands (@limages~ .@ @, E @‘ = B
w * Coordinate System [JComment E.Section Plane
Inertial | Structural| | rted Load Edit Tool Vi

. ! #, Remote Point L Chart B Annotation | "o R Ry ' o0ls | Views
Outline Solvery Insert Imported
TADX QA BEE BB O FRAARQA et kMot [FDRDBERER TR =
o Mame Search Outline | v

E)-,[Z] Static Structural (AS5)

Duplicate Q Solve Analysis

Outling oo

Scoping Method Geometry Selection

Apply

Definition
|D [Beta) 40
Type v
Define By l Compaonents I
Applied By Surface ﬁect @
Loaded Area Deformed X
Coordinate System | Global Coordinate System 0,000 0,600 {m)

X Component 0 Pa framped 0,300 !

\'Cnmponentl -5000, Pa [ramped]l

5. CTBOpPIOEMO i30J1iHII HATIPY:KEHb Ta NepeMillleHb.

BpaxoByeMo BIiMOBIAHICT TJIO0ATBHOT CcUCTeMH KoopauHaT: X=R
(pamianbHa), Y=Z (amiikata) , Z=O (Koji0Ba).

Kpox 1. BBognMo B pe3ynbTaTu pajiaibHe HOpMajdbHE HAMpyXeHHS O . B

nepesi obupaemo Solution — Insert — Stress — Normal oGupaemo Stress
(HopMaJbHI HampykeHHs). J{is BuOopy BianosigHoro HanpyskeHnus B Details of
“Normal stress” ooupaemo Global Coordinate System ta Orientation - X Axis
JUISL pajiajdbHOrO HANpYXKEHHS. AHAJIOTIYHO MIAKIYAEMO 1HINI HOPMabHI
HarpyxeHHs1, 3MiHroroun Orientation va Z AXis (mist ogy) Ta’ Y AXis (s o, ).
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. H 5 Context A Mogene 1. KinbLgsa NnacTWHa BiceCMMeTpUYHa - Mechanical [Ansys Mechanical Enterprise] - [m] x
Hame Solution Display Selection  Automation  Add-ons Quick Launch ~ 3 e
- i) ic 5 -
D * My Computer g '/|T|’I Eﬁ S Named Selection E‘,Commands @\mages @ E ﬁ |§
! ¥ Coordinate System [JComment E.Se:tmn Plane

v Distributed

m

Dupllcale Q Cores|a Sovlve PR[:;(‘);{; Ana'\ysws okRem-:ute Point mehart WAnnotatlon Resvults Uscerr‘tliﬁfalrled Pribe Tou'\box To'ols Vliws
Solve [ Insert
S C-4QABAQ skakMi- TRNRNRNRERE 2B =

w | Search Qutline | »

- /0B, Fixed Support
@ Force
-8, Pressure

By

Insert » Defarmation

L] Q Clear Generated Data Strain »

ution
Number Of Cores to U =7 Group All Similar Children RSV > % Maximum Principal
| Adaptive Mesh Refine Linearized Stress » Middle Py I
5/ Adaptive Mesh Refine o= o0 Solver Files Directory L aniee e
Max Refinement Loop: Stress Tool » Q Minimum Principal
Bafirarment Bonth =, Worksheet: Result Summary
- Refmemt:nt Depth Fatigue » Q Maximum Shear
Status Done Contact Tool , T8 _Intensity y
MAPDL Elapsed Time 2 — 3 ﬁ Hormal .
MAPDL Memory Used 172, MB. WP Shear
MAPDL Result File Size 320, KB Erche J o v Normal 0,600 ()
[] Post Processing Coordinate Systems » Insert a Normal Stress object to
Distributed Post Processing (Beta) | Program Controlled Q, Velume Q Errl plot a component of normal
Mesh Source (Beta) Program Controlled Mes q M stresses in a given direction.
Beam Section Results Ho z T UserDefined Result ® e
On Demand Stress/Strain Mo et [& Pyvthon Result o (@ Press F1 for help.
. [Eﬂ = Context C: Mogenb 1 BicecumeTpruHa 33jaq4a - Mechanical [Ansys Mechanical Enterprise] - [} x
Home Result Display Selection Automation Add-ons Quick Launch ~ @ o'
By c - - =
ID x Eﬁ B Named Selection Commands (@ Images = Ed = B

i Coordinate System LComment E.Sertmn Plane
Display Vector Capped Views

Duplicate Q Solve Analysis
- - - Display ™ | Isosurface ™ -

"~ #, Remote Point Ll chart [ Annotation
Solvery Insert

ziE e al®e & %% QA QR QA St KModer TEEEERREE P E =

w | Search Outline |

~
v
@@ Normal Stress zz
9 Shear Stressrr ¥

Details of "Normal Stress r" «oosss o B0 X
[=l| Scope ~

Scoping Method | Geometry Selection Z/TI5eh

" 6,7352e6
Geometry |AII Bodies . 40536
— Akl

El| Definttian L1 1350006

Type Normal Stress 1.3513e6

Orientation X Axis Y

L ] _4,0535¢6 ¥
By ime -6,7556e6
Display Time Last -94578e6 L

Separate Data by Entitg Lo -1,216e7 Min 5%

Coordinate System Global Coordinate System ] 0,000 0,600 {rm)

Caleulate Time History™ e 0,300 '

|dentifier

Kpok 2. BuBonumo goTuuHi HanpyxeHHs Stress — Shear ta odupaeMo miomuny
XY ix il
B - e | C: Mogens 1 BicecumeTpiuna 3agava - Mechanical [Ansys Mechanical Enterprise] - o x

Home Result Display Selection Automation Add-ons Quick Launch ~ @D o

Ry i - - —
ID % % B Named Selection Commands (@) Images = Ed = B}
- 2 Coordinate System -1 Comment E.Se:tmn Plane
Duplicat: Sol Anal Displ Wects Ci d Vi
up'\ca * O‘ O'" na'ysls #, Remate Point |.J_|1 Chart [ annotation ISE = D,;maoyrv |5gsip,?ae(ev \iws
Cutline Solvery Insert
C - 5 - +, ¥
EEEEEREET]  cC (v %% (Clr Qaa@@ s %mde FEEHE S

Mame w | Search Outline |

) Solution Information ~
88 Normal Stress rr

88 Normal Stress tt

-
Details of "Shear Stress rz" - ROox
=1/ Scope ~
Scoping Method |Geomehv Selection fe——
- 5,7320e5
Geometry |AII Bodies .
o 2,7407e5
1| Definition L] s
Type Shear Stress 3213665
Qrientation L X¥ Component -6,23575 i
By me -8,2279e5
Display Time Last 1,222¢8 L]
Separate Data by Entity | No -1,5212e6 Min %
Coordinate System [ Global Coordinate System [} 0,000 0,600 {rm}
Calculate Time History T Te 0300 '
Identifier
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Kpok 3. BuBogumo nporus miactuiu. B nepesi ooupaemo Solution — Insert —

Deformation — Directional. /Ins Bubopy BiamnosigHoro nepemimieHns B Details
of “ITporun” odupaemo Orientation — Y AXis.

. [Eﬂ d Context A Mogene 1. KinbLEgEa NNacTHHa BicetMMETPUYHA - Mechanical [Ansys Mechanical Enterprise] m} X

.HH Hame Solution | Display Selection  Automation  Add-ons Quick Launch ~ 3 e

- & i 5 - =
ID X My Computer g ﬁ Eﬁ SO Named Selection @Cummﬁnds (&l Images L m ﬁ E B
v Distributed ! i Coordinate System GJComment [ Section Plane

Dupll(ale Q Cores|a Su'hre IE:;?::I[)‘:\ Anavlysls "Remote Point thﬂ\ﬂﬂ wm\nnialion Res'ulls B Frgbe TI)I}'“}I))( Tu'uls Vlsws

Outline Solve [ Insert
Outine QA [@wE %% O QA& &Q Sda Mo PEREEE TE <
© Name w | Search Qutline | ™

o /8@ Normal Stress ~

¢/ Normal Stress tt
i@ Normal Stress zz
iz Shear Stress rz

s —

v
Details of "Mporuk" s v B 0 X

|=|| S5cope -
Scoping Method ‘ Geometry Selection
Geometry | All Bodies

[=] Definition
Type Directional Deformation
O ¥ Axis o
By ime
|| Display Time Last -
Separate Data by Entity Mo H
Coordinate System 0,000 0,500 (rmy
Calculate Time History | Yes 0,250 .
Identifier ‘

Jlani HaTrckaemo SOIVe Ta OLIHIOEMO OTPUMAHI Pe3yIbTaTH.

I30.1iHil HAaMIpy:KeHb Ta NepeMillleHb

PanianbHi HOpManbHI HaNIpYy>KeHHS O, [la

KooB1 HOpManbHI HANPYKEHHS Oy, 1la

45



5319 ’ 5

25 '
0,319 0

o_.xlla

HopmanbHi HanipyeHHs o ,,, Ila

JloTU4HI HaNpyXKeHHS T, [la

IIporun W, m

6) HamamroByemo Bich cuMeTpii.

Kpok 1. B nepeBi npoekry ooupaemo Model — Insert -Symmetry. B Details of
“Symmetry” mnpusnadaemo Type — 2D Axisymmetric Ta npu3zHa4aemMo KyT
cermenty A@=10° ta Num Repeat=37 — kiibKicTb cerMeHTiB 36.
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. |E| W Context A: Mogens 1. Kinbuesa nnactuHa sicecmeTpuyna - Mechanical [Ansys Mechanical Enterprise] = ] x
Home Model Display Selection Automation Add-ons Quick Launch ~ @ 0‘
D v EIE ®wnamedSelection [ Commands [@images~ =il & ® =
nw 3 Coordinate System [JComment E.Sectiun Plane

Duplicate Q Solve Analysis Prepare Define Mesh Results

. - '\,Remute Point LJ_.] Chart B Annotation
Outline Solvers Insert

QA [@we %% O QA @@ Q) selct % Mode-

OQutline

Mamed Selection

VI8 Solve @ll  Part Transform

v @ Clear Generated Data [ Construction Geometry »

Details of N o, Rename F2 E  Cross Sections »
= Lighting |~ o
m - Reassociate Missing References Virtual Topology
Diffuse + Refresh Materials Connedions
specular | 7. Update Geometry from Source Tren
|Celor 7 Disable Filter py—
=l Advanced Emuie Symmetry %
Window T Export CAERep Files (Beta) . y
Rl Fractur Insert a Symmetry folder object. The different types of
Filter Coni 3 Abandon RSM Jobs (Beta) — Symmetry can be added under the Symmetry object to [
Show Graph Cannectivity (Beta) achieve faster simulation and/or post processing of results, H
Mesh E| 0,500 {rm)
—
Mesh i (O Press F1 for help.
AM Process

Solution Combination Marnings (0) v ShowInfo (0) v Merge Messages v Pop-up Messages

Fatigue Combination

Feature Detection | MNote Unit Location X Location ¥ Location Z Mode D A
Pa 0.400000 0.050160 0.000000 25
Incremental Meshing (Beta)
Pa 0.600000 0.033494 0.000000 59

Python Code - R—— R— R -

—
. E] = Context A:Mopaens 1. Kinbuesa NnacTuHa BicecumeTpuyHa - Mechanical [Ansys Mechanical Enterprise] - ] x
Hame Symmetry Display Selection Automation Add-ons Quick Launch ~ @ o'

D ® ﬁ ﬂm @Namedsaledmn E‘Cﬂmmands @ images ~
Bl

i Coordinate System [JComment E'Section Plane

h dd dd @ @ g &

Duplicate Q Solve Analysis . Symmetry Linear Periodic | Cyeclic Pre-Meshed Stage General

- > - P.RemotePoint  |liChart Eannotation | “Region' Periodic Region | Region Cyclic Region Axisymmetric

Qutline Solvers Insert Symmetry
Qutline 00X QA (@e® % -+ QQ stkMde IRERNEERER R - ¥
= Name | Search Qutline | ™ _

,/ Geometry Imports I\n sys

2023R1
STUDENT

Type 2D AxiSymmetric

L8 10, *

Coordinate System{ Global Coordinate System

¥
L
3
0,000 0,500¢my
]
0,250

Messages -

| Show Errors (0) |+ Show Warnings (0) v ShowInfo (0) v Merge Messages v Pop-up Messages _

Graphics Annotations = s lOX
Tvpe Value Maote Unit Location X Location ¥ Location Z Mode D A
Result -1,1635e+006 Pa 0.400000 0.050160 0.000000 25

Result -8,5645e+005 Pa 0.600000 0.033454 0.000000 59 e
< >

Ile mo3Bomsie BimoOpaxkatu BicecumeTpuuHy 3anady B 3D mpoctopi.
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0,00017458
0 Min

4.4, Mopaean 2. Tonka KijibieBa 1mjiacTuHa

IIporun w, m

VY naniit Moeni KiJblieBa IIaCTHHA MOJCIIOETHCS MMoBepxHeto Surface, a

TOBIMHA 3aJIa€ThCSl OKPEMO B Tpolieci po3paxyHky. Ilpum po3paxyHky

BUKOPHUCTOBYETHCS TEOPisi TOHKUX IJIACTHH.

1. IloyaTKoOBiI HAJIAIITYBAaHHA MOAEJII 2.

Kpok 1. ITepersiryemo momysip Static Structural y mone Project Schematic.

Kpok 2. Ilpu Bumginenni moayas Geometry 3’sBiserbcs Tabmuis Properties of
Schematic: Geometry, scranosmoemo Analysis Type — 3D.

. Kineuesa nnactuna - Workbench
Fie View Tools Units
re sy

J =Al=] E_ EH Project

Extensions

Jobs

Help

Toolbox

| B Analysis Systems | ~
[@ Coupled Field Harmanic

[@ Coupled Field Modal

[@ Coupled Field Static

[@ Coupled Field Transient

ﬁ Eigenvalue Buckling

Electric

@ Explicit Dynamics

@ Fluid Flow (CFX)

@ Fluid Flow (Fluent with Fluent Mezhing)
@ Fluid Flow (Fluent)

@ Fluid Flow (Materials Processing)
@ Fluid Flow (Polyflow)

&l HarmonicAcoustis

@ Harmonic Response
Hydrodynamic Diffracion

Q Hydrodynamic Response

¥ Ls-DYNA

Eﬂ LS-DYNA Acoustics (Beta)

[ LS-DYNARestart
Magnetostatic

@0 Modal

&) Modal Acoustics
m Random Vibration
m Response Spectum
ﬁ Rigid Dynamis

e4e Speos

L Static Acoustics

W Steady-State Thermal

Import... | <@ Reconnect [%] Refresh Project # Update Project | pm ACT Start Page
un

v 1 x

B

Property

Component ID

Valug

Geometry 1

Directory Name

SYS-1

6 Solution
7 |@ Resuts

Mogens 2. TOHKE MNacTuka.

v 4

B lw @~ o n | s W |-

[

Analysis Type — 3D
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Update Condition Parameter {Beta)

Motes

Last Update Used Licenses

Geometry File Mame

Analysis Type

Mone it

C:\UserslJzer\Desktop
WMeToau4ka Ansys\3aaadi
B Ansys'Kinsuesa
nnacTiHaKineuesa
nnacrira_files\dpO\sys-1
DMISYS-1.scdoc

3D

14

Compare Parts On Update

Mo ;I

15

Smart CAD Update

Import Using Instances

EE=




2) CTBOpeHHsI NPOCTOPOBOI Mojedi B rpadidyHOMYy cepenoBHUILi
SpaceClaim.

Kpok 1. 3a nonomororo dynkiii Select New Sketch Plane obupaemo cucremy

koopauHat XY, HaTHUcKaemo Plan Viev.

B L B iy M e 5 B

Paste . O e - = Select Enable 3D End Sketch
# \n line Circle Rectangle ., =3 9 [ x e Sketch  Editing
Clipboard Create Modify onstrain Edit End Sketch
Options - Selection
WS MAnsys
W2 inmaticalhe o 2023 R1
lo-Jse L 5. 6w STUDENT
Properties
—

(@]
R
[¥]
|

Froperties | Appearan... || fi}§ Designl > 4 x

*=-71.2240 y-22.1000

Kpok 2. ®ynkiiero Circle kpeciumo 2 kona 3 pagiycom 400 mm ta 1400 mwm,
IIEHTP OOMpaEMO Ha MOYATKy CHUCTeMH KoopauHaT. Bick Z Oyze Biccio cumeTpii.

Hatuckaemo End Sketch Editing, mo0 3aBepmmtu reomerpiro. 3aKpHUBaEMo
cepenopuie SpaceClaim.

AsStatic Structural - Design1 - SpaceClaim

Sheet Metal ~ Tools KeyShat

™ (& Home T VXN Q% |l @A 5 A
@ & Plan View N v e ) |'-’] =k @ [r:\T k <g ﬁ{L 55 [r‘\' J
e s @ - ¢ L Jotangle . % D P 5 i Dimension ) 4| I~ N s Autoconstrain SISt Pul Move Fil | Enbledl E”gds‘t"‘"e‘gc“

Create Medify Constraints Edit End SKEIC]

Ansys
2023R1
STUDENT

Meast Linear

Value 1400mm
v Precision

Decim Default

Click a reference to start creating dimension. Ctrl+Click two objects to create a virtual paint or line.



3. CTBOpeHHsI MarTepiajly, NMPpU3HAYeHHS TOBIIMHHM IUIACTHHU Ta
nepexia 10 NMJIIHAPUYHOI CHUCTEMH KOOPJAUHAT.

Kpoxk 1. BigkpuBaemo moxyis Model.

. |E| W Context E: Mogene 2. ToHka nnactiia, - Mechanical [Ansys Mechanical Enterprise] - [m] x
Home Geometry Display Selection Automation Add-ons Quick Launch ~ @ 0'

M yamed selection E‘,Commands (& Images = - (il a" Body Configure Delta |0
x| | 3a = g B ® T
[ ]7] =l = s

* Coordinate System [JComment E.Sectiun Plane 8"* Set

Dupllcate Q Sovlve Anavlysls #, Remote Point mehart EAnnotatmn Point Distributed Trag;ﬁ)rm E;L&E]e égg;.arf; DrElleenT:tqgn Eq-Reverl
Qutline Solvers Insert Mass Modify
e MEE] ca@v@ %% O-+QAQEAQ sk [IRERREERE T PEH -

2 Mame ¥ | Search Outline | ™

Details of "SYS-1\Surface" o
‘Graphics Properties

[=I| Definition
Suppressed No
Dimension 3D
Model Type Shell
Stiffness Behavior Flexible
Stiffness Option Membrane and Bending z
Coordinate System Default Coordinate System ¥
Reference Temperature | By Environment
Thickness [ae002m _l X
Thickness Mode nual
Offset Type Middle
Treatment Naone VESSAgES it b D D P D S R A e 1Oox
= Malen.al - == v ShowEmors (0) v Show Warnings (1) ¥ Show Info (0) v Merge Messages v Pop-up Messages
Assignment I |AmowHM1 - =
Nonfinear Effects T vG!EphICSAnHDtEt\I??? PSR , , , ,_‘vj;l_‘nx

[Tpusnauaemo matepian AuaroMminiil 1: aktuByemo B nepeBi Geometry — SYS
1\Surface, y Bikni Details of “SYS-1\Surface”obupaemo HeoOXinHUI MaTepian
ta Thickness = 0,08 m. CTBOpeHHs1 HOBOr0O MaTepiany onucano B Mogedni 1 m.3.

4. CTBOpeHHS UWIIHAPUYHOI CHCTEMH KOOPAMHAT.

Kpok 1. CTBOproeMo n0aTKOBY HMJIIHAPUYHY CUCTEMY KoopawHaT. B nmepesi
Hatuckaemo Ha Coordinate System mk.M. Ta 0OOMpPaEMO HOBY CHCTEMY
KOOpJMHAT, Ha3uBaeMo 1i «[{uaiHapuYHa cucrtemay.

. H & Context B: Mogens 2. Tonka naacmHa. - Mechanical [Ansys Mechanical Enterprise] - (m} b4
Home Coordinate Systems Display Selection Automation Add-ons Quick Launch ~ @ o'
D w® g nm @Named Selection EE' Commands @\mages' :i( Coordinate System at Center of Mass
+ "
X - X 3 Coordinate System [Comment E.Sectlon Plane 31 Principal Axis Using Center of Mass
M Q Solve | Analysis g pemote Point | Chart [ Annotation
QOutline Solvery Insert Coordinate Systems

Outline Ml CQ[@w & %% C- Q@ @@ @) Select ™ Mode~ :
© Name | Search Qutline | ™

E-/5® Geometry

¢ eyl SYS-1\Surface

[ Materials

W58 Coor dinatp susiase

&0 Mesh Insert b |k coordinate System

Fhe LT Static 51

> Rename F2 =
Details of "Coordinate SJBI—,_ Coordinate System

Insert a Coordinate System object to create a
b unique local coerdinate system for use with
T

features such as springs, joints, loads, and results,

(1) Press F1 for help.
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Kpok 2. B Details of “Coordinate System” npusnagaemo Type — Cylindrical
Ta MOTrOJKYEMO 0Oci, 11100 Y cTajia KOJIOBOIO KOOPIMHATOIO.

B O~ Context B: Moaenb 2. ToHka naactuHa. - Mechanical [Ansys Mechanical Enterprise] - O X
Home Coordinate Systems Display Selection Automation Add-ons Quick Launch ~ @ @

I x g BB Swnamed Selection [ Commands @ Images™ ¥ OffsetX % RotateX ‘R FlipX  CHMove Up X Coordinate System at Center of Mass
+ 1. =
K Coordinate System [JComment [MSectionPlane | ¥ Offset¥ ' Retate¥ ¥ Flip¥ GHMove Down | 3 Principal Axis Using Center of Mass
Duplicat: Sol Anah o
uplieate Q ole | AnTE @, Remate Point Ll Chart B Annotation Z Offsetz 7 RotateZ ‘Z'FlipZ | X Delete
Qutline Solvers Insert Transform Coordinate Systems

@ %% O+t QA8 Q st kModer [ IEEEE R B S

Outline MR  ca(ew
i Name « | Search Outline | ™
B 5YS-1\Surface
(-, (T Materials
Bl Coordinate Systems
i 2 Global Coordinate System

: W34 Coordinate Sys
Fl A Mech

Details of "Coordinate System" :+swismiciw O X
[=)| Definition A
Type | | Gytindrical J
Coordinate System rogram COntrolles
APDL Name
Suppressed Mo
= Origin
Define By Global Coordinates
Qrigin X o m
Origin ¥ om
Origin Z 0, m
Location Click to Change
[=/| Principal Axis
odis [x ] P N 1= TP
Define By . e % |/ ShowErrors (0) ¥ ShowWarnings (1) (¥ ShowlInfo (0) v M
=/ Orientation About Principal Axis
s i‘F_ lephi(;Amotatim; e . e EE—— ]
Define By [Deraun Tvpe | value | Hote |unit  |Location X | Location ¥ |LocationZ | Hode ID
e Result [1,5782 m -0.217897 0.335441 0.157956 1094

5. P030MBKA CKIHYCHHUMM e€JIeMEHTAMM.

Kpok 1. B nepeBi mpoekTy MepexoauMoO A0 CTBOPEHHS CITKH CKIHUEHHHX
enemedTiB Mesh, BcranoBmoemo macmrad citku Element Size = 0,05 m ta
reaepyemo citky Generate Mesh.

Context B: Mogenk 2, ToHka nnacTuHa. - Mechanical [Ansys Mechanical Enterprise] - (] x

Mesh Display Selection Automation Add-ons Quick Launch ~ @ o'

% % a | m |y

Mesh . Edit~ | Display™
Mesh Preview

G R R Y= QQUG‘? 0B O Q@ @ @ @ Select ™ Mode @@.@@ma:x@@ ” ¥

2 Mame ¥ | Search Qutline | g

i /GD Mesh
[+ Static Structural (B5)
fow JJ Analvsiz Settinas
Details of "Mesh" isistsimisimimaniis w O X
=I| Display
Display Style |U;e Geometry Setting
[=I| Defaults
Physics Preference | Mechanical
Element Order Program Controlled
Element Size l 5,&-002 m
Sizing
Quality
Inflation
Batch Connections
Advanced
Statistics

EEE]

EENE

Kpok 2. HanamroByeMo cuMeTpryHy CiTKy CKiHdeHHUX enemenTiB: Mesh — Face
Meshing oOupaeMo IIONMHY IUIACTHHHA 32 JOIOMOTIOK PEXHUMY BHUIUICHHS

Face, matrckaemo Apply Ta MOBTOPHO reHEPYEMO CITKY #  Generate Mesn
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. [El id Context B: Mogenk 2. ToHka nnacTuHa. - Mechanical [Ansys Mechanical Enterprise] - ] x
Home Mesh Display Selection Automation Add-ons Quick Launch ”~ @ 0'

()% & = =

Updatg Generate | Surface Source/Target  Controls. Mesh  Metrics
Mesh . Edit™ | Display™

Mesh Preview
Outline - s AOX 5@ Q ' @ 9 O -4 Q@@ @ @ Select % Moder ET
Name ¥ | Search Outline | ™ _

= 2% Coordinate Systems
- 34 Global Coordinate System
- 2K Coordinate System

Geometry
(=l| Definition
Suppressed No a HOHOMOF '
Mapped Mesh Yes
Method Quadrilaterals =
Internal Number of Divisions | Default '
Constrain Boundary No %
—
. [Eﬂ & Context B: Mogene 2. ToHKa NAacTkHa. - Mechanical [Ansys Mechanical Enterprise] = ] x
Home Mesh Display Selection Automation Add-ons Quick Launch ~ @ o'

2% % & |||

Update Generate Surface SourceTarget | Controls. Mesh | Metrics
Mesh Edit~ Display~
Mesh Preview

Outline oo v l0%X QA (Red® %% C-+ QAR A Q St KMate- TRRBEERE PR -
Mame | Search Qutline | ™ o
[ 54 Coordinate Systems ~

% Global Coordinate System
24 Coordinate System
El-,@8 Mesh
/8 Face Meshing
H2[7 Static Structural (BS)
Details of "Mesh" o w O %
=I| Display
Display Style | Use Geometry Setting
[=I| Defaults
Physics Preference | Mechanical
Element Order Program Controlled
Element Size 5,e-002 m
Sizing
Quality
Inflation
Batch Connections
Advanced
Statistics

EENE]

EHENE

6) IIpu3HAYEeHHS] TPAHNYHUX YMOB TA HABAHTAKEHHSI.

Kpok 1. ¥V nepesi obupaemo Static Structural, npusHauaemo xopcTke
3aKpiIUIEHHS 30BHIIIHBOI TpaHi IiactuHM. Bkmaaka Environment — Fixed
Support, obupaeMo 30BHIIIHIM KOHTYp IIacTUHU. JIisi BUIUIEHHS TpaHi

BUKOPHUCTOBYEThC GyHKIis Edge.
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Context B: Mogens 2. ToHKa nnacTura. - Mechanical [Ansys Mechanical Enterprise] - ] b4

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

ID x g ﬂ & Named Selection ECummandsEs‘ E @ El=

& Coordinate System [JComment r G‘
Duplicate Q Salve Anavlysls @, Remote Point LJJ.I Chart B @, Rotational Velocity I"EESS’ETSF';F&?d Edit Tools | Views

Cutline Solvers Insert @, Rotational Acceleration
Outline ~ 1 0 x EENcle} E @ Pressure

Hydrostatic Pressure

Acceleration

Standard Earth Gravity

Imported
@ @ @ Select " Moder ET [ @&

© Mame | Search Outline | ™ _

@2
24 Global Coordinate Systg @ Force
w5l Coordinate System 8, Remote Force
El--,/%p Mesh
‘... Face Meshing ¢ Bearing Load
=R} " Wi Bolt Pretension
e T Analusis Se Insert ' &), O
;  Momen
Details of "Static Structural (B! £ solve
(]| Definition B Exort Nastron Fil @ Line Pressure
Physics Type e port Rastran File @) Thermal Condition
Analysis Type IOl Duplicate 7 Joint Load
S°|'{” Target 4 Clear Generated Data Fixed Support
=I| Options
Environment Temperatur: e ete A Displacement Fixed Support
Generate Input Only I Rename F2 @, Remote Displacem| Insert a Fixed Support boundary condition Z
. to prevent a selected geometric or mesh s
D Group All Similar Children S Frictionless Supp #7 entity from moving or deforming.
™ C onl;
6 Open Solver Files Directory i ompression On X
: % Gylindrical Suppar (1) Press F1 for help.
Y Filter Based on Environment (Beta)
®,  simply Supported
£ Export CAERep Files (Beta)
%, Fixed Rotation e O X
% Abandon RSM Jobs [Beta) o )
= Elastic Support ow Info () ¥/ Merge Messages |+ Pop-up Messages
——
- [Eﬂ = Context B: Mogens 2. ToHka nnacTkHa. - Mechanical [Ansys Mechanical Enterprise] = ] x
Home Environment Display Selection Automation Add-ons Quick Launch ~ @ 0'

I % g m M amed Selection  [F: Commands (@) Images ™ @. ®, E @ B B
w E.Semon Plane

¥ Coordinate System L Comment

Duplicat Salb Analysi: Inertial | Structural | rted Load Edit Tool Vi
CLEE Q olve | AnalSE g pemote Point |1 Chart B Annotation | "o | R Rl ! ools | Views
Qutline Solvers Insert Imported
Outline ~ 1 0% EENceY E‘, & Ot O-4 Q@ @@ Q Select & Mode- ET
Name - | Searc utline | ™
E| D Mesh ~

: B8 Face Meshing
=l Static Structural (B5)
«Hﬂ Analysis Setting:

V2 ort

o JB Force N4

Details of "Fixed Support" s
[=/ Scope

Scoping Method

Geometry 1Edge
= ition

ID (Beta) 34

Type Fixed Support

Suppressed Mo

Kpok 2. B nepesi ooupaemo Static Structural 3agaemo cuny F =60000H / m 3a
noromororo Bkiaagku Static Structural — m.x.m. — Insert — Force. Jlius BugineHHs
rpaHi TpUKIAJaHHS CHJIM BHUKOPUCTOBYeThcs  ¢yHkmis Edge. Cuna
PO3MOAUISETECS TIO BCIM  JOBKHHI KOJIa, TOMY 11 HEOOXigHO 3aaaTh
30CEPEKEHOI0 Ha  BHYTpPIIIHIA  Topeub IiacTUHU. JloBkuHA  Kojla
| =272r=27-0,4=2,51 m. [Tpuknagaemo CHITY
F, =60000-2,51=150796,45H .
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Context B: Mogens 2. ToHKa nnactuHa. - Mechanical [Ansys Mechanical Enterprise] - [m] x

Launch ~ @ 0'

Home Environment Display Selection Automation Add-ons

. .
= Accelerati
D X nm @Hamed Selection E;Cum\ @ cceleration « @ |§ B
I_ BHOE .. i <4 Standard Earth Gravity Eﬂ It
i Coordinate System [JComi
DupEcate Q Suvlve Anavlysls #, Remote Paint |l Char &, Rotational Velocity :‘thE‘ |I'I'EESSETEF|;I‘:TG Edit TU'U|5 V\§W5
Qutline Solvers Insert @. Rotational Acceleration Imported
Outline L@ @ Pressure Q @ @ @ @ Select " Modew ET 3
@, Hydrostatic Pressure
~ @ Force ]
Insert g - Remotefa
. Force
('j Bearing
Solve Wi Bottpret Insert a Force load that
ref -
Export Nastran File distributes a force vector
. w @, Moment A across one or more topologies.
Details of "Static Strus O buplicate
= Definition . @ Line Pres
Physics Type & Clear Generated Data ®j Thermal (D Press F1 for help.
Analysis Type ¥ Delete f;\ Joint Load
Solver T t
|polerTarget b Rename FZ @ Fixed Support
| options
Environment Ten L] Group All Similar Children @ Displacement
Generate Input Onl &= open Salver Files Directory @, Remote Displacement Z
Y Filter Based on Environment (Beta) s Fridionless Support k‘
B C ion Only Si t
£ Export CAERep Files (Beta) (LIRSS ®
% ylindrical Suppart
£ Abandon RSM Jobs (Beta) % Lyindricaisuppo
®,  simply Supported
. El & Context B: Mogene 2. Tonka nnactmHa, - Mechanical [Ansys Mechanical Enterprise] - (m] »

~B e

Hame Environment Display Selection Automation Add-ons

I_ x g ﬁ 8 Named Selection  [F: Commands (@ Images™ @ @, E @] B B

i Coordinate System L2 Comment E'Section Plane

DupllcateQ Solve Analysis Inertial | Structural Imported Load Edit Tools  Views

- 7 @, Remote Point Lt chart B annotation - [Result File] - i
Qutline Solvers Insert Imported

Outline ~ 40X d O Q@ @@ @ Select " Mode~ ET

o Name | Search Outline |
- /8 Face Meshing ~
=+~ Static Structural (B5)
[ Analysis Settings
’ - gort

Details of "Forc:

[=]| Scope
Scoping Method |Geometry Selection
Geometry |1 Edge

(=] Definition
ID (Beta) 41
Type e
Define By Components
Applied By suriace ciiect

Coordinate System | Global Coordinate System
X Component |0, N {ramped)
¥ Component
Z Component |1,508e<005 N (ramped] 1

Suporessed T Bl e e (] W

Kpok 3. Posnoginene naBantaxkenHs: (| =5000x//a npukiagaeTscs y BUIISIL

Static Structural — mx.m. — Insert — Pressure, Define By “Pressure” —
Components — Z Component =-5000 [Ta. Jlns BugiieHHS IUIOMIWHHA
MIpUKJIaJlaHHs HAaBaHTAXKEHHSI BUKOPUCTOBYEThCA PyHKIIisI Face.
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H [Eﬂ hd Context B: Mogensb 2. ToHKa nAacTuHa. - Mechanical [Ansys Mechanical Enterprise] - a x

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

I_ % g % Named Selection [ Commands (@ images~ .@ @ @ @‘ B E

i Coordinate System [Comment E.Sectiun Plane

Duplicat Solve | Analysi Inertial | Structural Imported load | Edit | Toals | i
UEE Q olve | Anats g pemote Foint | Chart EAnnotation | o e Filey ! als | Views
Cutline Solvers Insert Imported

Outline 2=kl oo Ey (%% o Q@ @ @ Q@ Select & Mode~

Mame w | Search Outline |

B[ Static Structural (B5)
i [ Analysis Settings
i@, Fixed Support
@ Force
3,

~f Salution (RRY h

Details of "Pressure”
[=I| Scope
Scoping Method ‘Genmetry Selection
Geometry I1 Face
o - ¢
ID (Beta) a3
Type -
Define By Components
Applied By Surface Effect
Loaded Area Deformed
Coordinate System | Global Coordinate System
X Component |0, Pa (ramped)
Y Component
Z Component || -5000, Pa (ramped) Messages «osom i vow 00X
Suppressed ]

v| Show Errors () | Show Warnings (0) v/ ShowlInfa (0) v Merge Messages v| Pop-up Messages _

7. CTBOPIOEMO IOTMIOMIKHY OBEPXHIO NOCEPeINHI MPOJIbOTY IIACTHHU
JJIS1 3pYYHOCTi 00po0KU pe3yJIbTATiB.

Kpok 1. CrBoproemo momomixkny Surface. V nepesi npoekry Model — m.k.m —
Insert — Construction Geometry — Surface.

H [Eﬂ A Context A: Mogene 2. ToHEa nnacTiHa. - Mechanical [Ansys Mechanical Enterprise] - ] x
Home Model Display Selection Automation Add-ons Quick Launch ~ D @
D x g m Miyamed Selection [ Commands (@ Images ™ z1 & - =
w < Coordinate System EJComment E.Sect\on Plane
I EG Q solve | ANAWSS g pemote Point Ll Chart B annotation | T cPa'e| Define | Mesh | Results
Outline Solvers Insert
Outline MLl CQ®v & %L C-rQRQAQ skt KMde- TREEREREB TR B 3

ch Qutline |

* Name

Named Selection

Solve Part Transform

LT

Clear Generated Data Construction Geometry 4 Path
Details of "Mod
talls of Moge . Rename F2 TR oo ] Surface
[=]| Lighting - i}
Ambient > Reassociate Missing References &8 virtual Topology £ p—
~
Diffuse & s 8 Connections Insert a Surface object to
Specular 73  Update Geometry from Source B symmet represent a section plane |
Color T Dissble Fit J Ly to which you scope results,
= Advanced 1sable Filter #, Remote Point
Window Title | $  Export CAERep Files (Beta) &5 Fracture (L) Press F1 for help. Z
Filter Control | %  Apandon RSM Jobs (Beta) & ‘e
Condensed Geometry E
Show Graph Connectivity (Beta) ® H
Mesh Edit

Kpok 2. V wnamamryBanusx Details of “Surface” obupaemo Huaingpuuny
CHCTEMY KOOpJMHAT Ta obupaemo pazaiyc 0,9 M, 10 BIANOBIIAE CEepeAUHI
MPOJIbOTY IJIACTHHU.

55



. [El id Context A Mogene 2, ToHKa naacTiHa. - Mechanical [Ansys Mechanical Enterprise] - [m} x
Home Construction Geometry Display Selection Automation Add-ons Quick Launch ~ @ 0'

% Named Selection E‘ Commands (@ Images™ o
x % El = 9 L.
ID B S ® f')f:;

4 Coordinate System [ JComment E.Section Plane STL

Path Surface Solid Lline Point STL

D“"E“te Q 5“'"“ A”a"y"s @, Remote Point |l Chart [ Annotation (Betal
Outline Solvery Insert Create Import
e MEL] cQ @v® %L 0-+rQAQAQ Hakvi TRERREREB PE -

MName w | Search Outline | v _

T8 Geometry rS
-/ [[% Construction Geometry
A

Pk Cnardinate Sustems M
Details of "Surface 2" ow IO X

[=I| Definition
UmainapuyHa cncrema -
Radius 0,9 m

|Suppressed m

8. CTBOPHOEMO i30J1iHil HATIPY KEHb.

Kpok 1. 3amaemo panianbHe HOpMajbHE HANpyXeHHS o . B nepesi oOupaemo

Solution — Insert — Stress — Normal oOupaemo Stress (HopMaibHI
HaIPYKEHHS).

. [El i Context B: Mogens 2. ToHka nnactuHa. - Mechanical [Ansys Mechanical Enterprise] - (] x

Home Solution Display Selection Automation Add-ons Quick Launch ~ @ o'

D w My Computer - ﬁ ﬁﬁ BB &=wuamedselection [ Commands (@ images~ & - B ﬁ = E

+ Distributed w ¥ Coordinate System [JComment E.Sectiun Plane

DupllcateQ Cores |4 Sovlve pﬁii?:”n'ﬁf‘ Ana'\ysws 5,,RemoteP-:mt LLL[Chart WAnnotatmn Res'ults Uscerr\tlzﬁfa"lm Pribe Toovlbox To'o\s \«'liws
Outline Solve [Pl Insert

Deitve Bl 0 Q [Bv® %% O-+QQAQQ SakMd- IRAPRGERE T ®E =

© Name + | Search Qutline
i /08, Fixed Support
-»®. Force

i 4, Pressure

Insert

Deformation »
Solve Strain »
[Soluion 4 Clear Generated Data Stress » | Equivalent jvon-Mises)
ution

P —— Ener » i i

Number OF Cores to Use (| 4 Rename F2 &l %@ Maximum Principal

P ———— Linearized Stress » Middle Principal
El| Adaptive Mesh Refinemet &= ¢,q,p Al Similar Children i -

Max Refinement Loops — Stress Tool » @ Minimum Principal

Py — Open Solver Files Directory
. Reflnemfnt Depth Fatigue D Q Maximum Shear

Intensi
Status Solve Required Contact Toal > =2 L] Z
MAPDL Elapsed Time Bolt Tool R w ‘e

MAPDL Memary Used L]

MAPDL Result File 5ize (e D o X
| Past Processing Coordinate Systems b o

Distributed Post Processing (Beta) | Program Controlled | Enor P P S

B volume stresses in a given direction,
Mesh Source (Beta) Program Controlled Messac Q >3 Ox
Beam Section Results No 4 )| R UserDefined Resuit = i @ Press Fl for he)
g ress F1 for
On Demand Stress/Strain No - [E Dithan Dacul - =

Kpok 2. [lns Bubopy BignosigHoro Hanpyxenns B Details of “Normal stress”
obupaemo Imningpuuna cucrema ta Orientation — X AXIS i paaiaibHOrO
HanpyxeHHs, Scoping Method — Surface (pe3ysnbratu OyayTh B iepepisi 0,9 m).
AHaJIOTIYHO 3a7al0ThCs 1HIIN HOpMajbHI HampykeHHs, 3MiHtoroun Orientation
Ha Y AXis Ta Z AXis.
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H [El = Context A Mogenb 2. ToHka nnacTWHa. - Mechanical [Ansys Mechanical Enterprise] - ] b4

Home Result Display Selection Automation Add-ons Quick Launch ~ @ o'
D x BB =named selection [ Commands (@ images™ = E2 = B
I T
w < Coordinate System L Comment E.Sertmn Plane

Duplicate Q Solve Analysis

Displ Vect: = d Vi
#,, Remote Point L chart [ annotation '!_p = Di:maoyr- |m§ip,?;“- ‘iws

Outline Solvery Insert

Qutline g B 4 Q @ @ @ Q  Select " Moder T

Mame « | Search Outline | ™

%0 Shear Stress 2
WL Fliormal Stress rr
88 Normal Stress tt

i MR Normal Sfress 77 ¥
Details of "Normal Stress rr" wocsimn: w B O X
=/ Scope s 6,8573e6 Max
Scoping Method Surface 3,3333e6
Surface Surface 2 SRR
s t 2,2838e6
omely = 7,6102e5
Layer Entire Section 761925
Pasition Top/Bottom —2’285896
- ? z
El| Definition -3,8096e6
Type hlowmalshiecs 5333566 e
Orientation I 3 Axis I -6,8573e6 Min X
By e 0,000 1,000 ()
Display Time fiche 0,500 g
Coordinate System LmainapruHa cucrema
Calculate Time History | Yes
suppressed Mo * v Show Errors (0) v Show Warnings (0) v/ Show Info (0) +| Merge Messages v Pop-up Messages _
=] ion Point Results z
Display Optian ‘Averaged B 0 T T EPTPS ~lOox
g — I - ae w Temlow mAlmoilaa - e e L

Kpok 3. [lornuni Hanpy>keHHs 3aat0Thest sk Solution — Insert — Stress - Shear
ta ooOupaemo Imaingpuuyna cucrema Ta Orientation- XZ. Jlotwuni
HAMpPYXCHHS PU 3THHI BUHUKAIOTh TIOCEPEIUHI TOBIIMHY TUIACTUHH, PE3YJIbTaTH
BHUBOJATHLCS TUIbKHU B Tiepepisi 0,9 m uepe3 Scoping Method-Surface.

H [El = Context A Mogeab 2. ToHka naactkHa. - Mechanical [Ansys Mechanical Enterprise] - [m] x
Home Result Display Selection Automation Add-ons Quick Launch ~ @ 0'
D X g E% @I‘-Iamed Selection IEE‘C Commands [@limages~ = Ead = E
|_ +

i Coordinate System LJComment E'Sectinn Plane

Duplicate Q Solve Analysis Display Vector Capped Views

" Y @, Remote Point L Ehart B Annotation ¥ Display~ | Isosurface ™
Outline Solvers Insert

faa@ee %%[C ]t Qae@ @ ke TR R R R E

© Name v |Search Qutline | »
i 8 Shear Stress 2
i/ Normal Stress rr
%8 Normal Stress tt

v
fe R Frnivalent Stress

v
Details of "Shear Stress rz" wossssmmnis w B O X
= Scope s -2,935e-12 Ma
Scoping Method I Surface I . _2.935-12 Min
Surface Surface 2 j i
Geometry All Bodies
Layer Entire Section
Position Top/Bottom
[=1| Definition =
Type g
Orientation ¥Z Component %
By Tme. 0,000 1,000 ()
Display Time Last 0,500 .
Coordinate System UmnainapryHa cncrema
Calculate Time History

Kpok 4. 3amaemo mporun miactuau. B gepeBi obupaemo Solution — Insert —
Deformation — Directional. /Inst Bubopy BinmoBigHoro nepemimenns B Details
of “IIporun” obupaemo Huainapuuna cucrema ta Orientation — Z AXis.
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——
H |E| W Context E: Mogene 2. ToHka nnactiia, - Mechanical [Ansys Mechanical Enterprise] - [m] x

Home Solution Display Selection Automation Add-ons Quick Launch ~ @ 0‘

Wy Computer - g o~ B &named selection [ Commands (@ 1Images~ & ] ﬁ . E
IO x il oo ® & & B

+ | Distributed :i Coordinate System LComment E.Section Plane

Duplicats Sol R Anal Result: Prab Toalb Toal Wi
eiate Q| e 3 ohe fesource | AN g pemotepont  icrart  Bdamotation US| | Fobe | Toolbox | Tools | views
Outline Salve ) Insert

Outline = w 1 0 X aaqQ @' @ % O Q@ @ @ @ Select & Mode~

Mame w | Search Outline | _

H -/ Normal Stress rr
-3 MNormal Stress tt

Scoping Method |Genmetry Selection
Geometry | AN Bodies
[=I| Definition

Type
Qrientation

By z

Display Time Last ‘
Separate Data by Entity
Coordinate System UmnniHapv4Ha cueTema 5
Calculate Time History |Yes
Identifier
Suppressed Nao VESSAgES i i D D P D S S R A e 1Oox

Jani Hatuckaemo Solve Ta oriHI0EMO OTpUMaHi Pe3yJIbTaTH.

I30J1iHil HaMpy:KeHb Ta NMepeMillleHb

5,3335¢
3,8006e6
2,2858:6
7,6102e5
-7,6102¢5
-2,2858¢6
-3,8006e6 g
-5,3335¢6
-6,8573e6 Min

0,000 1,000(m)
0,500

-3,851e6
641846
-8,0858e6
-1,1553¢7 Min

PanianbHi HOpManbHI HaNIpY>KeHHS O, [la
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Koi10B1 HOpManbHI HAPYKEHHS O gy, 1la

HopmanbHi HatipyeHHs O ,,, [la
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JlOTHYH1 HaNlpyXeHHs 7 ,, [la

[Iporun w, m

4.5. Mogeas 3. IIpocTopoBa nocraHoBKa

VY naHiif Mojieni KiJibIleBa IJIaCTUHA MOJIEITIOETHCS MPOCTOPOBOIO.
1) oyaTKoBi HAJIAIITYBAHHS.
Kpok 1. ITepersiryemo moayne Static Structural y mone Project Schematic.

Kpok 2. ITpu Buginenni mogayns Geometry 3’sBisierbest Tabmuns Properties of
Schematic: Geometry, scranosiaroemo Analysis Type — 3D.

60



- Kineueea nnactunHa - Workbench
File

reg =

View Tools Units  Extensions

Jabs

Help

D|ES|E&] /TH rroree

Toolbox

| B Analysis Systems
@ Coupled Field Harmanic
@ Coupled Field Modal
@ Coupled Field Static I
[@ Coupled Field Transient
a Eigenvalue Buckling
@ Electric
@ Explicit Dynamics
@ Fluid Flow {CFX)
@ Fluid Flow (Fluent with Fluent Meshing)
@ Fluid Flow (Fluent)
@ Fluid Flow (Materials Processing)
@ Fluid Flow (Polyflow)
&) HarmonicAcoustics
@ Harmonic Response

ﬂ]lmport..‘ | -+ Reconnect Refresh Project /# Update Project | B ACT Start Page

v 1 x

B

Property

Component ID

Valug

Geometry 2

Directory Mame

5YS-2

b
v 4
] @ Solution v

7 | @ Resuits Y

Monens 3. MpocTop oea KinbUesa MNacTHa

Update Condition Parameter (Beta)

MNotes

Last Update Used Licenses

ometry So

Geometry File Mame

Mone =

C:\WUsersYUser\Desktop
MeTomudka Ansys\3aaadi
B Ansys'\Kinouesa
nnacTuHa'Kineuesa

Hydrodynamic Diffracion
Q Hydrodynamic Response
¥ Ls-Dvna

) L5-DYNA Acoustics (Bets)
[ LS-DYNARestart
Magnetostatic

@B Modal

&) Modal Acoustics
m Random Vibration
m Response Spectum
% Rigid Dynamis

- Speos

nnactida_files\dp0\SYs-2
DMYSY5-2.scdoc

- 12 [ ometry Optio
- Analysis Type
AnaIyS I S Type - 3 D 14 Compare Parts On Update
\ 15 Smart CAD Update
16 Import Using Instances

[~
=

EE=

Kpok 3. BinkpuBaemo Engineering Data — Engineering Data Sources Tta

nogaemo 3 6ibmiorekn HeoOXigHui Marepian Amominiii 1 (Hathckaemo ).
JletasibHO TIpoliec CTBOpPEHHS MaTepiany AntomiHiiil onrcano B Mogemni 1 m.3.

- Kinbuesa nnactuna - Workbench — m} X

File  Edit Units  Extensions  Jobs

Help

View  Tools

Toolbox Table of Properties Row 2:

Field Variables ~ A B| C D " A B
[ Physical Propertes 1 Data Source / Location Description 1 Temperature {C) 5 | Density (kgm~-3) ~
5] 15 @& my ] [ 2 2400
% 16 g my mat [F (5]
= 17 |l My materal B B I
% m ﬁ;"f;rl\m 5
| B Linear Elastic | O tiine of My material *qox
5] 3 | A B ‘ c|o E
% J1 Contents of My material .= | Add  5ource Description
Hyperelastic Experimental Data I' z =
Hyperelasic 3 Anromitii 1 ok . _
Chaboche Test Data 4 Beton C16/20 = e R
B Plasticty Density e
% - 3.2
@ caw | L
% A B c g2
=) 1 Property Value Uit ‘g +
= z T8 Density 2400 kg m~-3 Z 22
% 3 |B ‘EID ISni::pi(Elasﬁcity %‘
4 erive from Young's... @
E‘ 5 Young's Modulus 2,?En?r].0 Pa o
E [ Poisson's Ratio 0,2
% . 7 Bulk Modulus 1,56 +10 Pa 12 T e p Py 1
2=, . 8 Shear Modulus 1,125E+10 Fa Temnerature 101
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2. CTBOpeHHS MPOCTOPOBOI Moaedi B rpagiyHOMYy cepeIoBHILi
SpaceClaim.

Kpok 1. 3a nonomororo ¢ynkimii Select New Sketch Plane o6upaemo cucremy
koopauHat XY. ®dynkuiero Circle kpecaumo 2 koma 3 pamiycom 400 MM Ta
1400 MM, ieHTp 0OMpaemMo Ha MOYATKY CUCTEMH KoopauHat. Bick Z Oyne Biccio
cumetpii. Hatuckaemo End Sketch Editing.

AStatic Structural - Designl - SpaceClaim

Design Display Assembly Messure  Facets Repar  Prepare  Workbench  Dewil  SheetMetal Tools  KeyShot
[ * s - =Yr— O @ VXN o x Il @EEA R % |5
- s W
o] MO S~ sza M wsin e O & g W
Faste Lire | Circle JRectangle - v = 3 Dimension 2 Autoconstrain % Pyl Move Rt Enebls 3 End Sketch
=N, g de LD HE 5 X CI|IPAINN X - Sketch | Editing
Clipboard Orient Create Modify Constraints Edit End v
Options - Dimensio

Click a reference to start creating dimension. Cri+Click two objects to yirtual point or ling

Dimensicn Orientatio

Ansys
2023R1
STUDENT

* Auto

[CIENEER-RY

Properties
v Amows
v Amow [] Defaut
L Default
 Default
v Amow [] Default
L' Default
V! Default
~ General
Expre: 1400mm
Labsl D2
Meas. Linear
Value 1400mm
~  Precision
Decir Defaut

A
| e&z=

Kpok 2. 3a noromororo ¢ynkiii Pull Butsaryemo ToBuuny miactuau Ha 40 MM B
KOXKHY CTOpPOHY, MO0 Bich X MPOXOAWIA IMOCEPEIHMHI TOBIIUHU IIJIACTHHH.
3akpuBaeMo cepenopuiie SpaceClaim.

Dlw9-C- = Astatic Structural - Design1 - SpaceClaim

File  Sketch Display  Assembly Measwe Facets Repair  Propare  Workbench  Defail  SheetMetal  Tools  KeyShet

E anme' g::\"nv % | k é/ f;% ng @ gi:::my D & o @shel ¥ 3 cytinder E 9;-

o%
] Sob @Oﬂsm )

Paste Sketch Selectfl Pull § Move  Fill Combine 5 oo Equation Sphere  Blocks  Script

F O-8 Qzoom - Mote 5 2 @Fer ™ K5 e S O

Clipboard Orient Mode Edit Intersect Create Body Record
Options - Pull

GLrmait Select and drag a face to offset it. Select and drag an edge to round it
& Gerers e Ansys
IS

2023 R1
STUDENT

[CEENE-R-R

Froperiies

3) JonaBaHHs MaTepiajy Ta HAJIAIITYBAHHS CepPeIOBHIIA.
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Kpok 1. BinkpuBaemo momysns Model. TIpusznadyaemo marepian AmomiHiii 1:
akTuByemo B nepeBi Geometry — SYS-1\Solid, y Bikui Detailes of “SYS\Solid”
o0upaeMo HEOOXITHUI MaTepial.

. H = Context C: Mogene 3. Mpocroposa Kinklesa naacrkHa - Mechanical [Ansys Mechanical Enterprise] - [m} b4
Home Geometry Display Selection Automation Add-ons Quick Launch ~ @ 0'

D % BB &named selection [ Commands (@ Images~ @ ﬁ r & m BT Body Configure Delta |0
= — A

T
w ¥ Coordinate System LJComment E.Semon Plane ?" Set

Duplicat Sal Analysi Point Distributed | T i Delete Surf; El t
wliate Q | Sahe | ANk g ponorepone  icat  @DAnnotation | PO DIbued | Tastarm Delete Suface Hemert gy
Qutline Solvery Insert Mass. Modify
Qutline MEAsES © Q O @ 5o S QA @A Q SdetKModer [ [TERRERERRERR = B
E o B O " Ele ode~ |y | L5 LY =4
55 Mame | Search Outline | % _
T Project )

=8 Model (C4)
- -', Geometry Imports
e

e Yo
Details of "SYS-2\Solid" wsesemiminina: w J O X
Graphics Properties
[=I| Definition

Suppressed No
ID (Beta) 21
Stiffness Behavior Flexible
Coordinate System Default Coordinate System
Reference Temperature | By Environment

Treatment None @
[=| Material ¥
Assignment I ANOMIHIA 1 I 0,000 1,000 ()
Monlinear Effects TTeT 0,500 !
Thermal Strain Effects | Yes
Bounding Box IVIESEAgIES © i D P D P P R S R e 1Ox

Kpok 2. CTBOproeMo 10IaTKOBY IMIIHIPUYHY CHUCTEMY KoopAuHaT. B nepesi
Hatuckaemo Ha Coordinate System — mk.M. Ta OOMpPaEMO HOBY CHCTEMY
KOOpJMHAT, Ha3uBaeMo 1i «L{uaiHapuyHa cucremay.

. [El & Context C: Mogenk 3. NpocTOpoEa KiNbLEsa NnacTkHa - Mechanical [Ansys Mechanical Enterprise] - [m] x
Home Coordinate Systems Display Selection Automation Add-ons Quick Launch ~ @ 0'
D 3¢ =ﬂ @I‘-Iamed Selection EE' Commands @\mages' :‘;{Coordmate System at Center of Mass
+ 4
w ¢ Coordinate System [JComment E'Sectlon Plane | X< Principal Axis Using Center of Mass
Duplicat sol Anal
et Q owe | AnaE @ pemate Point |l Chart [ annotation
Outline Solvers Insert Coordinate Systems.
Outline MEE] ca v %L C-rQQAAAQ Mt kMder TRRDBERE T TE —

Mame = | Search Outline |

oy @ SYS-2\S0lid ~
(- [ Materials
.

Insert P[ 54 Coordinate System

- aIb Rename F2 :%: N
- B Mesh ) Coord System

Details of "Coordinate Systems" s » :L Insert a Coordinate System object to create a
+

unique local coordinate system for use with
features such as springs, joints, loads, and results.

(@) Press F1 for help.

Kpok 3. B Details of “Coordinate System” npusnagaemo Type — Cylindrical
Ta MOTOJKYEMO Oci, 1100 Y cTana KOJIOBOK KOOPAHHATOIO.
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Context C: Mogene 3. MpocTopoea kineuesa naactuHa - Mechanical [Ansys Mechanical Enterprise] - [m] b4

Haome Coordinate Systems Display Selection Automation Add-ons Quick Launch ~ @ o'
I_ X ﬂﬂ @Named Selection E Commands (@images~ ¥ Offsetx ?Rotatex ‘?Flip X EEMDVE uUp K Coordinate System at Center of Mass
(=[] 3 Coordinate System [JComment FHSection Plane | ¥ Offsety y"Rotate¥ ‘§ Flip¥ | CHMove Down | 3 Principal Axis Using Center of Mass
Duplicate Q Solve | Analysis Pl . c z —~ C=r
- - - » Remote Point mehart B Annotation + OffsetZ 7 RotateZ Z'FlipZ X Delete
Qutline Solvers Insert Transfomm Coordinate Systems.
Outling s w 1 0 X aaq E" @ %% O-4 Q@ @@ @ Select % Moder T 3 @E@ BE D6
MName | Search Outline |
-y @@ 5Y5-2\5olid -~
-, [ Materials
B3 Coordinate Systems
- 24 Global Coordinate System
g 2H LIMAIHADMSHE cUCTEME
.. @7 Mash ¥
Details of "LluniHapuyHa cuctema” =
[=l| Definition ~
Type Cylindrical
Coordinate System Program Controlled
APDL Mame
Suppressed No
[=I| Origin
Define By Geometry Selection
Geometry Click to Change
Origin X 6,4078e-007 m
Qrigin ¥ 6,2517e-017 m
Origin Z -3,207%e-008 m
[=1| Principal Axis
hxis X M e L T =11
Define By Global X fuds « Show Errors (0) | Show Warnings (1) ¥/ ShowInfo (0)  Merge Messsges v Pop-up Messages _
[=]| Orie tion About Principal
aodis ¥ Graphics Annotations = PP cow IO X
etine & N e Inisse lunt lioationx |tegtony |lotionz  Inedeio

4. Po30uBKAa CKIHYEeHHUMH €JIEMEHTAMHU

Kpok 1. B nepeBi mpoekTy mnepexoaumMo 10 CTBOPEHHS CITKH CKIHYEHHHX
enemeHTiB Mesh, BcranoBmoemo macmrad citku Element Size = 0,05 m Ta
reaepyemMo citky Generate Mesh.

. El > Context C: Mogens 3. MpocTopoBa KinbLesa NNacTHa - Mechanical [Ansys Mechanical Enterprise] =

Fil Home Mesh Display Selection Automation Add-ons Quick Launch

B % b ~ o

Update Generate = Surface Source/Target  Controls) Mesh  Metrics
- Edit* Display™
Mesh Preview

RA@vE %% C-rQAAAAQ Sa kM- FTRDOBEERE DS

© Name ~ | Search Qutline | L

-z 3 CGlobal Coordinate System ~
el H1DHUHE CUCTEME

7 £ Meshing
-5 Static Structural (C5)
e T Analusic Setinas h
Details of "Mesh" - & irw B OX
[=/| Display
Display Style |Use Geometry Setting
[=] Defaults
Physics Preference | Mechanical
Element Order Program Controlled
Element Size 5,e-002 m I
Sizing
Quality
Inflation
Batch Connections
Advanced
Statistics

Kpok 2. HanamroByeMo cuMeTprUHY CiTKy CKiHYeHHUX enemenTiB: Mesh — Face
Meshing obupaemo mIONMHY IJIACTHHU 3a JOMOMOTOI0 pexuMy BuOopy Face,
HaTuckaemo Apply ta moBropHo renepyemo citky Genetate Mesh.
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—
H i Context C: Mogene 3. Npocropoea Kinbuesa nnactnia - Mechanical [Ansys Mechanical Enterprise] - [m] b4

Home Mesh Display Selection Automation Add-ons Qui Launch ~ @ 0'

th| % 9“3 “ | @

UpdateGenerate] Surface SourceTarget | Controls| Mesh  Metrics
Mesh - Edit™ Display™

Mes Preview

s ROX | @ @ E‘_ & Qe

Outhine :wizisasi

© Name

ral (C5)
LT Analusis Settinas
Details of "Face Meshing" - Mapped Face Me» [ OO0 X

]

[l Scope
Scoping Methaod
Geometry 2 Faces
[=J| Definition
Suppressed No
Mapped Mesh Yes
Internal Number of Divisions | Default
Constrain Boundary No

1,000 (rm)

S——— k]

Y —

v Show Errors (0) v Show Warnings (0) v ShowlInfo (0) v Merge Messages v Pop-up Messages _

‘v B Ox

Graphics Annotations

Location X Location ¥ Location Z

84 No Messages Mo Selection « Metric (m, kg, M, s, V, A) Degrees rad/s Celsius

5) IIpu3HaYeHHS TPAHMYHUX YMOB.

Kpok 1. B nepeBi obupaemo Static Structural ta npusHauaemMo KOpCTKe
3aKpIIUICHHS 30BHINIHLOI TpaHi ITUIACTUHHM Ta HaBaHTakeHHs. Bkuanka Static
Structural — m.x.m. — Insert — Fixed Support.

B+ Context C: Mogene 3. MpocTopoEa KinbUEEa NAacTHE - Mechanical [Ansys Mechanical Enterprise] = ] x
Home Environment Display Selection Automation Add-ons Qui Launch ~ @ 6’
« BB &named selection  F: Commands (@1manac= & -~ E & F | B
I = = T B
BE inate System [ Comment ey
Dupll(ate Q SK]'IVE AHE‘\ySIS @, Remote Point mehart 6‘. Standard Earth Gravity I \rrEEé]erTtdF\ilﬂe?d Edit Tools VIS’WE
Qutline Solvers Insert &, Rotational Velocity Imported
Qutline *Q1Ox ; Q aQ [3_ Rotational Acceleration h @ @ @ Select ™ Moder ET i
: Name - oL @ Pressure
{8 Face Meshing ~ @, Hydrostatic Pressure
e @ Force
" 6, Remote Force
¢y Bearing Load
Export Nastran File <3 Bolt pret
retension
Details of "Static Structural =
IO Duplicate @ M o
|| Definition J lomen
Physics Type & Clear Generated Data @ Line Pressure
Analysis Type X Delete W) Thermal Condition
(SomverTarget T, Rename F2 | Joint Load
=|| Options
| Ervironment Temperst £ Group All Similar Children lEi, Fixed Suppart
| —rrenment empera z
Generate Input Only G" Open Solver Files Directory J Isplaceme Fixed Support -
W Filter Based on Environment (Beta) h R Insert a Fixed Support boundary condition B ) Ll
3 s Frictionles to prevent a selected geometric or mesh %
#  Export CAERep Files (Beta) o g /7 entity from moving or deforming. 1,000 ()
4 Abandon RSM Jobs [Beta) v Lompressi =
L
Y Gindncall () press 1 for help.
Meseanes 4 @ Elastic Su T | 1 [0

Kpok 2. OOupaemo 30BHIIIHIA KOHTYp IJIacTUHU. /[l  BuAUICHHS
BUKOPUCTOBYEThCS PyHKItist Face.
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. H & Context C: Mogene 3. Npocropoea Kinbuesa nactnia - Mechanical [Ansys Mechanical Enterprise]

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

ﬂm @Namedie\edian E;Commands @Images' @ 5
O~ % =& . & @ F B

2% Coordinate System [ Comment E.Se:tmn Plane
Duplicate Q Solve Analysis

#, Remote Point Ll Chart B annotation | "ertiel | Structurel I"EE?&TS;'}&?d Edit | Tools | Views

5ut||ne Sc]vel’,. Insert Imported
Biing MRl Qv @ %t C-F Q@A @@Q St ®Mode- BT
Name | Search Qutline | ™

i - /B8 Face Meshing ~
- , Statlc Structural (cs)

@ presane v

Details of "Fixed Support" =ttt w [ ¥
[l Scope

Scoping Meth il i ek

Geometry ”1 Face I
[= Definition

ID (Beta) 29

Type Fixed Support

Suppressed Mo

T 000 (m)

x
€MO KOHTyp

IVIESSAGS b M@ ) o BOX

« Show Errors (0) v ShowWarmngs (0) v ShowlInfo (0) + Mfkge § W !oga FaCe

Graph - T EIEEIFERERER. sepieReR [ ] (0] ol
1

Kpoxk 3. B nepesi ooupaemo Static Structural 3agaemo cuny F =60000H / m 3a
noromororo Bkiaaaku Static Structural — m.x.m. — Insert — Force. Jlis BugiaeHHs
rpaHi TpUKIAJaHHS CUJIM BUKOPHUCTOBYeThes (yHKIis Face. JloxuHa Koma
| =27r=27-0,4=2,51 M. [pukaamaemo CHITY
F, =60000-2,51=150796,45H .

. |E| = Context C: Mogene 3, MpocTopoga kinsuesa naacrmHa - Mechanical [Ansys Mechanical Enterprise] - [m} x

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

ﬂm i Named Selection E‘,Cummands @Images' @ =
O ~| % | && . . @ | F e
*# Coordinate System [JComment E.Sectlun Plane

DuplicateQ Solve Analysis Inertial | Structural| Imported Load Edit Tools | Views

- " @, Remote Point |l chart [ Annotation " - [Result File] -
Outline Solvers Insert Imported

fQQ [@we % O-4¢ QA @ Q@ Q) s ®Moder 1T R [

Outline > 1Ox
Mame ¥ | Search Outline | ™ _

H i B8 Face Meshing ~
E! /ﬂ Static Structural (C5)
,/ﬁ Analysis Settings

v
Details of "Force” sosisisssss w B O X
| Scope

Scoping Method |

Geometry 1 Face
=] ition

ID (Beta) 36

Type i

Define By I Components

Applied By SUMace CiTect

Coordinate System  Global Coordinate System

X Component |0, N (ramped)

Y Component P, S— i .,

Z Component || 1,508e+005 N framped) ((I)YHKHUI Face)
Suppressed Mo M

Kpok 4. Posnoxinene HaBantaxkeHHsi (| =5000«x/la mpukinamgaeTscs y BUTISAIL

Static Structural — nm.k.m. — Insert — Pressure, Define By — Components — Z
Component = -5000 ITa.
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Context C: Mogene 3. Npocropoea kineyesa nnactkia - Mechanical [Ansys Mechanical Enterprise]
Home Environment Display Selection Automation Add-ons
ID X % ﬂm @Named Selection E;Cummands &) Images ™ @ @ @ |§
- 4 Coordinate System LJComment E.Section Plane =
Dupl\:ate Q SD‘WE Ana‘\ysls #, Remate Point LM Chart EAHHOtEtIOH \ne‘rtlal Struftural \m[g:;h{l*td':\hue?d Edit Toaols
QOutline Solvery Insert Impaorted
Outline ==

Name ¥ | Search Outline
B[ Static Structural (C5)
EH Analysis Settings

. Fixed Support
3

Details of "Pressure”

[=I| Scope
Scoping Method
Geometry 1 Face
= -
ID (Beta) 38
Type r, =
Define By l Components
Applied By Surface ;ect
Loaded Area Deformed

Coordinate System
¥ Companent
Y Component P,
Z Component l

Suppressed

Global Coordinate System
0, Pa (ramped)

LeBan

i

-5000, Pa (ramped)
Mo

Messages =

6. CTBOpPIOEMO i30J1iHII HATIPYKEHb.

o X
Quick Launch ”~ @I 0'

B

Views

1,000 ¢y

v Showw Frenre (M w0 Show Warninne (M w0 Showe infa (M « Merne Meccanes v Pon-nin Meccanec

Kpok 1. Y nepesi mpoekty Model — .k.m. — Construction Geometry — Surface

CTBOPIOEMO HOBY ITOBEPXHIO.

IR

Context C: Mogene 3. NpocTopoEa KinkLEesa NnacTHHa - Mechanical [Ansys Mechanical Enterprise]

Maodel Display Selection Automation Add-ons

|E_5 Commands @Images‘

D W % m QNamed Selection zl J: & E
m i Coordinate System CJComment E.Section Plane
DT Q solve  ANAWSE g penote point | Chart B annotation | Fepare Define | Mesh | Results
Outline Solvers Insert

Outline

Qv %% S QA @& Q St & Moder

Condensed Geometry
Show Graph Connectivity (Beta)

Insert ») & Named Selection
; Solve &ll Part Transform
v
. [ cn @ Clear Generated Data b Construction Geometry r |%, Path
E["e:_a":: Model T, Rename F2 & Cross Secions v [O surface
ighting ~ issi
Ambient *> Reassociate Missing References §f Virtual Topology @ | Surface
Diffuse > Refresh Materials Connedions B Insert a Surface object to
Specular <3 Update Geometry from Source B symmety ¥ repris_er;‘t DEZET planel
Coior T orsavte e to which you scope results.
[= Advanced #, Remote Point 9
Window Title || 3 Export CAERep Files (Beta) B Fracture (D) Press F1 for help.
Filter Contral g Abandon RSM Jobs (Beta) @
L7

Mesh Edit Q000

g X
~D e

Quick Launch

EE

REERE PR

023 R

1,000 (rn)

Kpok 2. HamamrToByemo po3ramryBanus Surface.

Details of “Surface”-

Coordinate System — Huainapuyna cucrema, pasgiyc miomman 0,9 m.
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. [Eﬂ 4 Context B: Mogene 3. MNpocTopoBa KinbLesa NAacTHHa - Mechanical [Ansys Mechanical Enterprise]

Home Construction Geometry Display Selection Automation Add-ons Quick Launch 2] @ o'

&y c B Co - -]
D % BBl ®namedselection [ Commands (@ images L, D @ I/
|_ [l

T
BB 4 coondinate system [JComment I Section Plane o=o STL

Duplicat: Sol Anal Path  Surf; Solid L Point STL
CLE Q olve | AnalES g pemote Point |1 Chart [ Annatation s Sumace solid o Hne o
Qutline Solvery Insert Create Import
Outine BEEl Qv %% 0 -4+ QQ@a@Q sk« kM-
Name ~ | Search Outline s

3] Geometry Imports
TP Geometry

=/ Construction Geomety
‘/D Surface

o
7 Materials M
o w B OX

+

Details of "Surface 2" :as

=
Coordinate Systemfll LlnniHgpu4Ha cucTema
Radius 0,9m
Suppressed No

Kpok 3. 3amaemo panianbHe HOpMajbHe HANpyXeHHS o . B naepesi oOupaemo

Solution — Insert — Stress - Normal ooupaemo Stress (HopMasibHI HaPy>KEHHS ).

. |E| = Context C: Mogene 3. Mpocropoea kinsUesa naacmHa - Mechanical [Ansys Mechanical Enterprise] - [m} x
Home Solution Display Selection Automation Add-ons Quick Launch ”~ @ 0'

m

D < My Computer - g m

+| Distributed
Duplicat
UP_‘CE = Q Cores 4 @, Remote Point |l Chart [ Annotation
Outline Salve [ Insert

i QQ[@we % O QA QA Q Sdect KModer BTR R

ﬂﬂ @I‘lamedSeledian E‘,Cummands &) Images ™ & m & ﬁ |§

¥ Coordinate System LJComment E.Sectlon Plane
Solve Resource | Analysis Results User Defined Probe  Toolbox Tools  Views
- Prediction - - - iteria™ -

Outline

& Name w | Search Outline

@ Fixed Suppart
@ Force
@, Pressure

Insert Deformation

Solve Strain »
Details of "Solution (CB)" =
= Solution Clear Generated Data Q Equivalent (von-Mises)
Number Of Coresto Use | J.  Rename £ Energy b % maximum Principal
[=1| Adaptive Mesh Refineme Linearized Stress » Middle Principal
= B9 Group All Similar Children e v
w - Stress Tool » @ Minimum Principal
Refinement Depth & Open Solver Files Directory
=[information Eatigue y | Maximum Shear
- z
Status Solve Required Contact Tool y @ Intensity
MAPDL Elapsed Time
Bolt Tool ]

MAPDL Memary Used
MAPDL Result File Size Probe ]
[=I| Post Processing
Distributed Post Processing (Beta) | Program Controlled

Coordinate Systems »

Insert a Normal Stress object to
plot a component of normal

sti i i direction.
Mesh Source [Beta) Program Controlled | [ess @ volume O stresses in a given direction e
Beam Section Results No 2, 8 UserDefined Result

(3) Press F1 for help.

An Ramand Chracc /Sheain Ma

Kpoxk 4. JIns BuOopy BinmosigHoro Hanpyxenns B Details of “Normal stress”
ooupaemo Hmaingpuuna cucrema ta Orientation — X AXIS st pagiaibsHOTO
Hanpy>KeHHS. AHAJOTIYHO 3a/1al0ThCA 1HIIT HOPMaJbHI HAMPYKEHHSA, 3MIHIOIOYH
Orientation na Y AXxis ta Z AXis.
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H H = Context E: Mogene 3. MpocropoEa kinkuesa naactuHa - Mechanical [Ansys Mechanical Enterprise] = [m] b4
Home Result Display Selection Automation Add-ons Quick Launch ~ @ 0'
ID K g = @Named Selection E‘gcammand; @Images' = = =§ E

T
w * Coordinate System [JComment E.Sectmn Plane
Duplicate Q Solve Analysis Display _Vector Capped Views

@, Remote Point L chart B Annotation Display ™ | Isosurface™

Cutline Solvers Insert
@ Q|[@w & % %

Qutline

Q@ @ @& Q Seect | Moder TTE
Name | Search Outline | ™ _
- /%@ Shear Stress
%8 TporuH
WL - FHormal Stress m
88 Normal Stress tt
i@ Normal Stress zz
i MR Shear Stressrz
Details of "Normal Stress pr* =

=/ Scope 6.8
Scoping Methad Surface 3,348%6
Surface Surface 2 ;‘2 Ma:
y e
Geometry All Bodies 763
[=|| Definition 765
Type PAETEERETE ~3,7035¢6 -
Orientation X Axis -3,822e6
By e -5,3505¢6 -
Display Time -6,8789e6 Min X
Coordinate System LuniHApMYHA CUCTEME 0,000 1,000 (rm)
Calculate Time History | Yes 0,500 !
Suppressed Mo
Display Option ‘A\teraged # & ShowErors (0} ¥ ShowWarnings (0) ¥ ShowlInfo (0) v Merge Messages v Pop-up Messages o
Average Across Bodies ‘No :
o —— Graph ’_"_‘_ 1Ox

Kpok 5. Jlotruni HanpykeHHs 3a1ar0Thes sik Solution — Insert — Stress — Shear
ta obOupaemo Imainapuuna cucrema Tta Orientation— XZ. JloTuusi
HANPY)KEHHs. TPU 3TWHI BUHUKAIOTH MOCEPEAMHI TOBIIUHU IUTACTHHH, TOMY
pe3yJIbTaTH BUBOJATHCS TUTBKHM Ha CEpeAMHHIN Tu1oniuHi yepe3 Scoping Method
— Surface.

—
H H = Context E: Mogene 3. MpocropoEa kinkuesa naactuHa - Mechanical [Ansys Mechanical Enterprise] = [m] b4
Home Result Display Selection Automation Add-ons Quick Launch ~ @ 0'
X g = @Named Selection E‘gcammand; @Images' = = =§ E
I T
w ¥ Coordinate System L Comment E.Semon Plane

Duplicate Q Solve Analysis Display _Vector Capped Views

@, Remote Point L chart B Annotation Display ™ | Isosurface™

Outline Solvery Insert

LR cc(®ve %% [Cl+RRQAQ sk FTEEERERE " PE = I

|

Qutline

Details of "Shear Stress rz" ==

|=I| Scope ~ -17288
Seoping Method Surface -1,2915e5
surface Surface 2 -1.gl0Te
-2,3287e5
Geometry ies i
[=]| Definition 39660
Type PRATETEA I -3,9846:5 -
Orientation IXZ Component I -4.4032e5
By ime -4,9718e5 —
Display Time il -5,4401 525 Min H
Coordinate System LinAiHAPMYHA CUETEME 0,000 1,000 ()
Calculate Time History [Tes 0,500 !
Suppressed Mo
= tion Point Results -
Display Option \Averaged . -

Kpok 6. 3amaemo mporun mactuau. B aeperi obupaemo Solution — Insert —
Deformation-Directional. [1is Bu6opy BiamnosigHoro nepemimenns B Details of
“IIporun” obupaemo Hmningpuuna cucrema ta Orientation — Z Axis.
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pera uivEiy nise

aa@vewu[C]raaa@a sakvie TRERRERERE C®TE = ¢
MName w | Search Qutline | _

8 Mormal Stress rr
i /8@ Normal Stress tt
-8B Normal Stress zz

<

Details of "Mporua " i w 1Oox
[=| Scope

Scoping Method |Geome1w Selection
Geometry |AII Bodies

[=I| Definition
Type
Orientation Z Axis

By T

|| Display Time Last

Separate Data by Entity | No

Coordinate System UnniHApM4Ha cHCTEMa
Calculate Time History | Yes

Identifier

>

Jlani Hatrckaemo SOIVe Ta OLIHIOEMO OTPUMaHI Pe3yIbTaTH.

[301iHii HaNpy’KeHb Ta MepeMillleHb.

PanianbH1 HOpManbHI HANIPYKEHHA O, [la

KooB1 HOpManbHI HANPYKEHHSA Oy, [la
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4,776

25 =

JIOTHYH1 HaNlpyXeHHs 7 ,, [la

[Iporun W, m
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IHopiBHsAHHS 30i’KHOCTI pe3yJIbTATIB

= u 3;)61;)1?;1( Mogens 1. Mogens 2.  Mogaens 3.
- «ANSys» «ANSys» «ANsys»
IIJIACTUH
oy Mila 09 | 6,85 6,87 6,86 6,88
G g9 MIla 09 | 2095 2,92 2,94 2,9
0,544- 0,544-
T Max, Mila | 09 | 0466 |  175-0 466 ' 0,077=0,467
C 4 klla 0,9 0 5,319-0,319=5 0 0 2‘2157:75'553
Tporms, 10 °y | 04 | -1,562 -1,571 -1,578 -1,569

IlopiBHSAAHHSI PO3IJIIHYTHX MOJeJIel

¢ OcecuMeTpuydHa MOJIENIb BU3HAYAE PaJlialbHI Ta KOJIOBI HAMPYKEHHS Ta
neopmariii. ['0m0BHI HampyXeHHA, MaKCHUMajbHI HampyXeHHA 3CyBY Ta
€KBIBaJIEHTH1 HANPYKEHHS BPAXOBAHO B PE3YJIbTATH.

% 3D-Mozenb: B pO3paxyHOK BpaxOBaHO MOBHICTIO BECh 00’ €M KiJIbIIEBOI
IUIACTUHHU. Y pe3ylbTaTaXx MaeMO BCl TpPU HOpPMajbHI Ta TPU JOTHYHI
HanpyxeHHs. BinoOpaxaeThCcsi KOHIEHTpAIIS HAMPY>KEHb B TOYKAX 3aKPIMJICHHS
Ta MPUKJIAaHHS HAaBaHTaXeHb. MOXKINBUN HEBICECUMETPUYHUI PO3PAXYHOK.

% Monenb moBepxHi: PO3paxyHOK BHUKOHYETHCS B CEPEAMHHIN TIOUIMHI
mwiacTuHU. HampyxkenHsa Ta nedopmailii Ha MaijaH4YMKaxX, HapajiedbHUX 0
CEpeNMHHOI TOBEPXHi, BBAXAIOTHCS HYIbOBUMHU. JlaHa MOmenb MOXe He
peaicTuuHO 300pa3utH nedopmaiiii abo 3CyBH 1M03a CEPETUHHOIO TUTOIUHOIO.

PesynwraTn, orpumani 3 3D-mozeni, 3a3BUYail BBAXAIOTHCS HAWOUTBII
TOYHUM BIIOOPAKEHHSIM PEaTbHOIO BHUIAJKY, OCKUIBKM BOHU 0a3zylOThCs Ha
MOBHIM TPUBHUMIPHIA TIpUpoaAl mpodsiemMu 06e3 OylIb-SIKUX CIPOIIYIOUHX
npunyiieHb. OceCUMETpUYH1 Ta TOBEPXHEBI MOJIEN1 MOXKYTh OYTH paIliOHATbHIM
BUOOPOM Y MEBHUX CHUTYAISIX, ajie SKIIO MPUITYLIEHHS PO OCECUMETPUUHY a00
000JIOHKOBY MOBEAIHKY HE MOBHICTIO 3a0€3IeueHi, BOHU MOXYTh JaTH HE TOYHI
pe3yNbTaTH .

BucHoBok

Bubip MeroaiB MojentoBaHHS (OCECUMETPUYHMM, MPOCTOPOBUI abo
MMOBEPXHEBUI) BHU3HAYAETHCS KiTbKOMa (haKTOpaMH: CKIAJHICTh IMOCTAaHOBKHU
3aj1a4i, HEOOXIIHUN pPIBEHb TOYHOCTI, JOCTYMHI OOYMCIIOBaJbHI PECypcHu Ta
KOHKpETHI 1Tl JocmipkeHHs. 3d Mozmens HaWToOuHIINIE BiOOpa)ka€ MOBEIHKY
Tija, ajue 1e BIIOYBAEThCS 3a PAXYHOK 30UIBIICHHS OOYHUCITIOBAIBHOTO

HaBaHTaxeHHs. OcecUMETpUYHI Ta TOBEPXHEBI MOl BUKOPUCTOBYIOTHCS,
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SIKIO TIPUITYIIEHHS OCECMMETPUYHOCTI 1 TOHKOCTIHHA TOBE/IHKA TapaHTOBaHi,
a00 U1l MONepPeIHbOr0 aHaJI3y TPUBUMIPHOTIO Tija.

CIIMCOK PEKOMEHJOBAHOI JIITEPATYPU
Higpyynukmu:

1. Xiaolin Chen and Yijun Liu, Finite element modeling and simulation with
ANSYS Workbench (by Taylor & Francis Group, 2015). — 390 c.

2. S. P. Timoshenko and S. Woinowsky-Krieger, Theory of Plates and Shells,
2nd ed. (McGraw-Hill, New York, 1987)

3. ANSYS Help System, CFX—Modeling Guide, Release 14.5, ANSYS,
Inc., 2023

HaBuyajabHi NOCIOHMKH

4. JI.O. I'pucop’esa, J1.B. JleBkiBcbkuid, O.I1. Komesuii. Onip MarepianiB 3
ocHoBamMH Teopii mnpyxkHocTi: Kypc nekuiil. — KuiB: Bua-so Jlipa-K,
2021. - 270 c.

5. 36ipnux 3amau 3 omopy MarepiamiB: HaBd. moci6. / I1.O. IBanenko,

JI.O. I'purop’eBa, O.I1. Komeswmit Ta iH. 3a pea. I1.0. IBanenka — Kuis:
Bun-so Jlipa-K, 2021. — 400 c.
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6. Hibbeler, R.C. Mechanics of materials / R.C. Hibbeler. Tenth edition. —NJ:
Pearson, 2015. — 900 p.— ISBN 9780134319650
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Jlooamox 1
3ABJAHHS 1JI51 PO3PAXYHKOBO-TPA®IYHOI POBOTH

3aBaanns Ne3. «/locaixxeHHs IJIOCKOI0 HAIIPYKEHOI'0 CTaHy 0AJIKH-
cTinkm B ITK «<ANSYS»

Jlns  Ganku-CTiHKM, 300pakeHOi Ha CXeMmi, JIOCHIAUTH HampyX eHo-
nedpopMOBaHUM cTaH. BU3HaUNTH TOJIOBHI Ta €KBIBAJIEHTHI HANPY>KEHHS B TOYIII
K Ta mepeBiputu ix 3a A0MOMOrow (GpopMmyn HampykeHOro CTaHy TOYKH. [[is
MO/IEJIFOBaHHS! BUKOPUCTATH IUIOCKY Ta MPOCTOPOBY MOJEII.

Taoauus 1o 3aBaannsa Ne3

=z [lepma nudpa |  pyra mudpa Tpersa uudpa

—g 'E- F, a, u U mm :

= 5 Hm | kM2 | (ToBIIMHA) Mateptat cxeMa
1 10 2 0,5 200 oeron C20/25 1
2 15 3 1 120 6eron C8/10 2
3 8 4 1,4 140 oeron C12/16 3
4 20 5 1,3 150 1ermaa kepamiaaa M75 4
5 12 2 0,6 90 neryia kepamiuaa M 100 5
6 16 4 0,4 80 nerna kepamiuyaa M150 6
7 14 6 2 120 6eron C20/25 7
8 22 5 1,5 510 nerna kepamigaa M150 8
9 26 8 1,2 250 neria kepamiuaa M 100 9
0 6 3 0,8 380 6eron C8/10 0
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Cxemu 10 3aBaanns Ne3

19
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3aBnanns Ned. «Bicecumerpuuna 3agaya teopii npy:kHocti B ITIK ANSY Sy.
KinbneBa miacTuna

JlaHO KUIbLIEBY IUIACTHHY 3 OCECHUMETPUYHUMHU TPAaHUYHHUMHU YMOBAMH,
MoneepuyHui mepepiz sKoi 300paxeHo Ha B Tabnuil 31 cxemaMu. Bukonatu
po3paxyHok B IIK «ANSYSy, BUKOPHCTOBYIOUH TpU MOJEINI: BICECUMETPUUHY
MOJIeJTb, TUIOCKY (TeOopis mIacTuH TUMOIIIEHKO), TPUBUMIPHY Moielb. [lopiBHITH

OTpUMaHi MaKCHUMAaJIbHI IPOTWHU Ta 3HAYECHHSI HAMIPY>KEHb MTOCEPEIUHI TPOTBOTY

IUIACTUHU.
Ta0auuga nanux a0 3apaanusa Ned
> [Tepma
2 a nudpa Tpersa mmdpa
= wibpa HApyra wudp p bp
- q
= F ’ a b t
o 1 1 ) ] .
Ry kH/™m Marepian cxema
=~ | kH/™M ) M M MM
=
1 10 2 01 | 1,1 20 1 =0,3, E=200ITIa 1
2 15 3 0,2 | 1,2 30 1 =0,32, E=70I'TIa 2
3 8 4 03 | 1,3 25 1=0,34 E=200I'TIa 3
4 20 5 04 | 14 30 1 =0,35 E=110I'TIa 4
5 12 2 01 | 11 25 1 =0,3, E=200ITIa 5
6 16 4 04 | 14 20 1=0,34 E=70ITIa 6
7 14 6 0,2 | 1,2 40 1 =0,3, E=200ITIa 7
8 22 5 05 | 15 30 1 =0,35 E=110I'TIa 8
9 26 8 01 | 1,1 20 1 =0,3, E=200ITIa 9
0 6 3 03 | 1,3 30 1=0,34 E=70ITIa 0
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Cxemu 10 3aBaanus Ned

EEEREERREN’ ‘AR ENEER J
b
q Fl
HEEEREEN X
+|
b

A

a AF

| !

L 44444
/////////{A*{

b




Jlooamok 2
3pa3ok opopMIEHHS TUTYJIBHOIO apKyIla poOOTH

MIHICTEPCTBO OCBITU I HAVKHU YKPATHU
KwuiBchkuil HarliOHATbHUN YHIBEPCUTET OYAIBHUIITBA 1 apXITEKTYpH

Kadenpa onopy marepianiB

Po3paxynkoBo-rpadiuna podora
«lmxenepHi 3agadi Teopii npyxaocTi B [IIK ANSY Sy

Bukonas: ctyneHt
/crenianbHICTh, KypcC, rpyna/

/mipi3BuIIe, iHIMiaIN/
KepiBauK

/TIpi3BHINE, 1HIIiaTH/

Kuis —20  p.
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HaB‘IaJ’IBHO-MCTO)II/HIHe BUAAaHHA
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Yacmuna 2
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