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D Kak WorkBench coorrHocurcst c ANSYS?

ANSYS — naker nporpamMm i KOMIBIOTEPHOTO MHXKEHEPHOTO aHaIu3a
IIPOEKTOB METOJIOM KOHEUHBIX 3JIEMEHTOB, KOTOPbI OXBAaThHIBAET MHOTHE
HAIIPABJICHUS PACUYETHOTO OOOCHOBaHMS (MEXaHHWKA, THIPOJIUHAMHUKA,
ANEKTPOTEXHUKA, HIEKTPOHUKA U T.JI.) U MOXKET BBINOJHATH MHOTOJIUCIIH-
IJIMHAPHBIE PACUETHI.

Workbench — 310 nons3oBarenbckas obonouka ANSYS, npusBanHas co-
SAVMHUTH pa3IudHbIe (U3HMUYECKUE MOJICIH B OJTHOM PacueTHOM MPOEKTE U
NPEOCTaBUTh PACUETUHKY yA00HBINH HHTEpdeEriC.

Pabouas cpena Workbench ucnonb3yer okna HacTpoek. Kaxkmoe okHO
yOpaBisgeT PYyHKIUSIMHA U HACTPOMKAMM Ha BCEX 3Tarax MOACIUPOBAHUS
(co3maHue TeOMETPUYECKON MOJIENH, TeHEepalus PacueTHON CETKH, MpH-
JI0’KEHUE HArPy3KHU U T.IL.).

)4 3anyck ANSYS WorkBench

Cymectyer niBa cioco6a 3anmyctutb ANSYS Workbench u mpuctynuthb
K paboTe B uHTEepdeiice.

1. HenocpenctBenHno uepe3 menro nporpammbl CAD, Tie co3maercs mud-
poBasi MOJieNib KOHCTPYKIMU. Toraa paboTy MOXHO BECTH B MHTETPHUPO-
BanHoii cpene CAD/CAE.

DddexTuBHas UHTETpaAlUs MPENoaraeT, 4To npu uHctTauanuu ANSY S
Workbench Obi1 Takxke BbIOpaH B CHUCKE M WHCTANIMPOBAH MPSMOMN
TpaHcaaTop reomerpuu. [lpsiMoii TpaHcasTOp YUTaeT (aiia reoMeTpun B
dbopmate mporpammbl CAD 6e3 ucKakeHuil U OIMMOOK, YTO OJIaronpusT-
HO OTpa)KaeTcs Ha FreHepalli KOHEYHO-3JIEMEHTHOM CETKHU.

2. Yepes craproBoe MeHI0O Windows. Torma pacyeT BBITOJHSICTCS B OT-
nenbHOo 3amyckaemoi mporpamme CAE, Ha ApyroMm KommbeloTepe, He3aBU-
CUMO OT TOTO, B Kakoil mporpamme CAD BbI mpeamountaere paboTaTh
(Kommac, SolidWorks, Siemens PLM, AutoCAD u T.1.):
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1 Adern Group
Lo ANSYS 140

administrator

g ANSYS Icepak 15.0

n. Mechanical APDL 15.0 JokymenTsl
n. Mechanical APDL Product Launcher15.0

L} Uninstall ANSYS15.0 VizoBpaxerma

‘ Workbench 150 O [

W ANSYS Client Lid Start ANSYS Workbench |

Myzbika

| Agwa "
. Fluid Dynamics Kosmuscey

| Help

= Manens ynpasnexHna
. Meshing e

Remote Solve Manager
. Utilities
, AMSYS, Inc, License Manager
. CrystalMaker Software
. FidesysBundle-x64 Cnpaska n NoggepsKa
| Intel
, MATLABE

YeTpoiicTea W NpUHTEDE

Mporpammb N0 yMONYaHAD

1 Hazaa

L - ' - f .---1r“-.‘
| Hadmu npozpammsl U ghallas JasepLuenne paboTel | *

Pa6oras ¢ ANSYS WorkBench kak ¢ oTaensHO cTosiieit nporpaMmmoii, 3apanee
MOATOTOBBTE TeoMeTpuueckuid (aiin ayist pacuetoB B popmare *.x t mam *.igs.
[TocTpoiite aeranp unu cOopky B nporpamme CAD u TpaHciupyiiTe B OAUH U3
yKazaHHbIX hopmaToB u3 untepdeiica CAD.

ANSYS WorkBench coaepxkut cpeacrBa ynpaBieHHs] MHOTOUCIUTIIMHAPHDI-
MU npoekTaMu. Kakipiil sTam nmpoexTa JOCTYIIEH Yyepe3 BhIJEICHHOE Ta0yIrpo-
BAHHOE OKHO, KOTOPOE 3arpy»aeT COOTBETCTBYIOIINN PACYETHBIA MOIYJIb.

BXxoaHbpIMHM JaHHBIMHM Ha pacuer SIBISETCS HE TOJIbKO I€OMETPHs, HO U HE0OXO-
auMasi “”HpOpMaIys O CBOMCTBaX MaTepUaoB U CPE/.

EkamepuHbype - - - - (343) 375 94 03 3
o.m.ogorodnikova@bk.ru - - - - www.cae.urfu.ru
© TexHoueHmMp KOMMbMEPHO20 UHXUHUpUH2a - - - 2017




D CraproBoe okHo ANSYS Workbench
CrapToBOE MEHIO COACPKUT CICAYIOUINE SJIEMEHTHI:

Nuctpymentst  Menro u ciyx0b1  Pabouee okno  Cratyc

) B S .
File = Todg Units  Help V

,__]New ‘?Open‘ gSave ﬂSEveAs... |ﬁjlmport...

«@Reconnect & Refresh Project Updatl Project | e Project 0(‘ mpactMode

TI:II:Iltu:I_‘.t o Bl Project Schematic > 0 %
|E| Analysis SyNems | - ey
{4 DesignAssessment Getting Started \ I (=]

Electric
EB Eehamp i Welcome to ANSYS Workbdn£h!
@ Fluid Flow- BlowMalding (POLYFLOW)
& Fluid Flow - Extrusion (POLYFLOW)
& Fluid Flow (CFX)

@ Fluid Flow (FLUENT)

& Fluid Flow (POLYFLOW)

If you're new to ANSYS Workbench, we strongly encourag
you to take just a few minutes to view some tutorials.

Harmonic Response If you prefer to get started immediately:

@ Hydrodynamic Diffradion

¥ HydrodynamicTime Respanse 1. Select your desired analysis system from the Toolbox (g
&4 1cEngine left), drag it into the Project Schematic (at right), and dropit
$) Linear Buckling inside the highlighted rectangle.

[{) Magnetostatic

il Modal 2. Right-click on the Geometry cell to create a new geometfy
i Modal (sameef) or import existing geometry.

{illy RandomVibration

[l Response Spectum 3. Continue working through the system from top to bottojn.
@ Rigid Dynamics Right-click and select Edit on a cell to start the appropriatd

Static Structural

ﬁ Static Structural (Samcef)
ﬂ Steady-State Thermal
@) Thermal-Electric

Bz Transient Structural

ﬂ Transient Thermal
Compaonent Systems

application and define the details for that part of the analyds.

As you complete each task, a green check mark appears infthe
cell, indicating that you can proceed to the next cell. AN
Workbench automatically transfers your data between ce
When you select Save (either from the ANSYS Workben
window or in an application), the entire project is saved.

Custom Systems
Desian Bxplaration

You can connect systems to build more complex projects. fFor
details, see Working in ANSYS Workbench.

Press F1 at any time for context-specific help.

¥ Show Getting Started Message at Startup

by View all f Customize. .. |

B crapToBOM OKHE ClleBa NEPEUYUCIICHBl BCE THUIIBI 3aJa4, KOTOPbIE MOXHO 3a-
IyCTUTh Ha perreHre. MOXHO 3alyCTUTh OAHY 3aaady. MOKHO HaCTpOUTH He-
CKOJIBKO 3aJ1a4, YKa3aTb CBSI3M MEXKJIY HUMH U 3allyCTUTh Ha PELICHUE MHOIO-
JUCLUIUIMHAPHYIO 3a7a4y.
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p Oxna HaCTPOCK U MCHCII’KCP paCcdCTOB

Co3ziaHne pacyeTHOIro IIPOEKTa HAYMHAETCS C BbI30BA MEHEDKEpa pacue-
TOB. Kaxkomy THIy pacyeToB COOTBETCTBYET CBOW MEHEIKEP U COOTBET-
CTByIOIUI OOKC HacTpoek. CIUCOK AOCTYMHBIX TUIOB pacuera Toolbox
HAXOIHTCS CJIeBa B CTApTOBOM OKHE. HeoOXxoammoe OKHO HacTpOeK HyxkK-
HO TIEpEeHeCTH HampaBo B pabouee okHO Project Schematic. /s sToro
JOCTATOYHO JBAXKIbI IIEIKHYTh MBIIIKON B BHIOPAHHOM CTPOYKE WMIIU TIO-
TAHYTh HAIIPABO MBIIIKOM.

Cosnate npoekt B Workbench = nBa /bl IENKHY T MBIIIBIO:
oolbaox L - Bl Froject Schematic

—

|

Analysis Systems

Design Assessment

Electric

Bxplicit Dynamics

Fluid Flow- BlowMalding (POLYFLOW)
Fluid Flow - Bxtrusion (POLYFLOW)
Fluid Flow (CFX)

Fluid Flow (FLUENT)

Fluid Flow (POLYFLOW)

Harmonic Response
Hydrodynamic Diffradion
Hydrodynamic Time Response

A
=  Static Structural

Engineering Data "
2

@ setup F o,
7
7

Static Structural

F
F

F

IC Engine

Linear Buckling
Magnetostatic
Madal

Modal (Samcef)
Random Vibration
Response Spectrum
Rigid Dynamis

Static Structural ¢ |
Static Structural (Samcef)
Steady-State Thermal
Thermal-Electric

==l EEEEERM ] el @]l A

L |

[ Static Structural Analysis using Mechanical APDL solver }
|

Menemxep pacdeToB — 3TO OTAENbHBIN OOKC, B KOTOPOM CBEPXY BHH3 Iie-
peYHCIIeHbl Bce HEOOXOAUMbIe NEHCTBUS M ATamnbl pacuera. HyXHO 1BU-
raTbCs CBEPXY BHU3, CHUMAasi BOIIPOCHI.

HpaBa;I KJIaBHUIIIA MBIIIN B JII00OOM I10JI€ BBI3BIBACT KOHTEKCTHOE MEHIO!
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22 Oxio HACTPOEK KOHCTPYKIIMOHHOI'O aHaJIn3a
ITocne BbI30Ba OKHA HACTPOEK JABUTANTECh IOCIENOBATENIBHO CBEPXY
BHU3, 33JlaBasi HACTPOWKHM B MEPEUUCIICHHBIX suelikax OOKca, ITOKa He HC-

YE3HYT BOIPOCHI:

A 1. Tun pac4eToB — CTaTUYECKHUM

w
b e R —
2 | @ EngineeringData 4\ Static Structural
3 @ Geometry > A 2. CBoiicTBa MaTepHaioB
4| @ Model P e 3. T'eomerpus
4. PacuerHas ceTka
5 | @ setup ¥ ,<+— 5. Harpysku
5 Solution 7 — 6. Pemiarens
7 @ =y +~— - 1IpocMoTp pesyibraToB

Static Structural

Haspanue IIPOCKTAa, €ro MOKHO UBMCHUTD,
IMPOCTO HAIIMCATh BMECTO NCXOIHOTO TCKCTA.

CoxpaHuTe MPOEKT:
Static Struc File>Save as
JlaiiTe Ha3BaHUE, COXpAHUB

w

1

2 Q EngineeringlData +"

paciMpeHue 1o ymosria-

3 @ Geometry @ 4 HHIO.

4 g8 Model F o, B paboueii namnke mo ymoii-
= YaHHIO J1aJT T COXpa-

= ﬁ Setup 5 4 o ee6uyzly cOXp
- HSTBCS BCE (Pailyibl 3TOro

B "‘:E Solution 5 MPOCKTA.

i @ Results ¢ 7 d

Bompoc B syelike OKHa HACTPOEK O3HAYAET,
YTO HACTPOWKHU B JAHHOM MO3UIMU HEOOXOu-
MbI, 6€3 HACTPOEK pacyeT HEe COCTOUTCH.

TPGYI‘OJIBHI/IK CIIpaBa OT BOIIPpOCA OTKPBIBACT KOHTCKCTHOC COO6H_[€HI/IG.
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;_} Pacuetnbie Bo3Moxxuoct WorkBench

e x [Toctpoenue reomerpun
CrainmoHapHsi€ 3JIEKTpUYe-
CKHE MOJIA

bonpinue miacTuyeckue

7 x
o

| E Analysis Systems

a' Design ASSEV
[&) Electric

E Explicit Dynamics <

f&H Fluid Flow- BlowMolding (POLYFLOW) )_'[e(l)opMa]_H/H/I

@ Fluid Flow - Bxtrusion (POLYFLOW) <

& Fluid Flow (CFX) FI/II[pOI[I/IHaMI/IKfl

@ Fluid Flow (FLUENT) FapMOHI/I‘—IeCKI/II/I aHaJIn3

{3 Fluid Flow (POLYFLOW) BI/I6paI_II/II7I

GY H icR — o

H:;T;;;:ﬁ;ﬁi;:‘::m“ Bo3zaeiicTBr€e BOJIH HA KOH-
@_ Hydrodynamic Time Response ; CprKHHIO

&8 ICEngine <
ﬁ Linear Buckling <
[09] Magnetostatic G

ﬁ Maodal
ﬁ Modal (Samcef) \
m Random Vibration

m Response Spectrum \
'@g Rigid Dynamics
?ﬁ Static Structural \
fzd Static Structural (SEmcef‘)\
i steady-State Thermal \
Thermal-Electric

fd Transient Structural '\\

E‘.-; Transient Thermal "

EComponentSystaTs \ \\

IloToku B nBUTATENE
JluHerHas yCTOMYMBOCTD
MarsuTtHbl€ OAs
CoOCTBEHHBIE YaCTOTHI U
¢dbopmbI KOTeOaHU
CrekTpalbHBIN aHAIH3 BUO-
pauui

KecTtkoe nBuxeHUE
Cratnueckast IpOYHOCTh
CranmoHapHsbIil TETUIOBOM
aHau3

CBs3aHHbBIN aHAINA3

@ auToDYN
4 sladeGen TETJIOBON-AIICKTPUUECKU I
@ CFx [TepexoanbIil TUHAMUYE-

@ Engineering Data
E Explicit Dynamics (L5-DYNA Export)
& Bxternal Connection

External Data

([ Finite ElementMaodeler

FLUENT

@ Geometry

7 Icepak

J\ Mechanical APDL

§# Mechanical Modd — el
Mesh

Microsoft Office Excel
POLYFLOW & -
POLYFLOW -Blow Molding g
POLYFLOW - Extrusion ar

CKUI aHAJIN3 KOHCTPYKIUI
HecraunonapHsiil TeruioBou
aHAJIN3

Tl )

Results ’
] System Coupling - | ,"l/ ]

©

|? View All { Customize. .. | e

s REEI:I'[IEI Show Progress ”LV_I Show 1 Messages l_:g K+
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‘ [TocTpoeHne reoMeTpuIeCcKOr MOIEITN

v
BY = static StrLcturaI
2 | @ Engineering Data +
3|@ Geometry l| _
4 @ Model ({W New Geometry...
5 @ Setup Import Geometry
6 §3 Solution 2 Dupicate
7 |@ Results Transfer Data From New  »
PEr— Transfer Data To New b
4 Update
i@ Refresh
Reset
B2 Rename
Properties
Quick Help
@0 ANSYS Workbench

J File Create Concept Tools View Help

laHBE| & “ Dndo @Redo “Select:ﬁ T | @IE.| (%04 “ Seaaa
Wy W~ fv A~ Ay A~ fiv X 7
|
|
|

WYPlane v ﬂ-| None - = “ */ Generate WShare Topology EElParameters
R rxtrude #Revolve 5Sweep & Skin/Loft

.ThinfSurface ®Elend ¥ % Chamfer ® Point
Tree Qutline 2 Graphics

Centimeter

Millimeter

' Micrometer

Always use project unit
Always use selected unit
Enable large model support

C [ D

Sketching Modeling

Details View q
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| A: taburet - DesignModeler 2 L

J File Create Concept Tools Units View Help

| A B [@ || Dinde Ghedo [|select [y B | R W@ @ [ - | 0 %

S QRQRQ T H+®e |02

|| M~ W~ £~ A~ S~ fm i AP

J Z¥Plane - ﬂ-l Mone v E‘f] |J I}Generate W chare Topology  [BE|Parameters

J R Extrude @gRevolve @ Sweep g Skin/Loft

J W THin/Surface @ Blend + ¥ Charnfer B Slice H qutnt By Corwersion

Tree Outline 1 Graphics i
E|----‘, A taburet

..... i YZPlane
’ ..... o @ 0 Parts, 0 Bodies

A\ 4

:@ Maodeling

Details View 3 rt
=1/ Details of ZXPlane L s
Plane Z¥Plane ' ' W
Sketches 0
Export Coordi.. No 0,00 30,00 {m) y
ﬂmtl
Model View | Print Preview I
[ a Ready |1 Plane Meter Degrl|ﬂ_|ﬂ_é

it e -

Sketching Toolboxes i Sketching Toolboxes * Graphics
Draw Draw
Modify Modify
Dlmen5|_ons Dimensions
mﬁ Constraints
C  Setings D = Settings |~

HHGrid
¥% Major Grid Spficing

¥% Minor-Steps per Major
¥% Snaps per

howin20:  [v Snap: [v
Major Grid Spacing

&% Minor-Steps per Major

¥%Snaps per Minor

N\ | : : -
Sketching | Modeling | Sketching | Modeling
~~——" Settings = Settings B
ﬁGrid ﬂGnd
|§Mf’”m S _ ol % Major Grid Spacing
ﬁ;dlnor—Stei:_perMaJor % Minor-Steps per MajoR_|10
naps per Mminor
L % Snaps per Minor
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| File Create Concept Tools View Help

|AHBE & || Dundo CRedo [[Select & b~ [mE BB e~ ||S L QAQAQEQ Q X |[+[®]e |
| B~ Wy A~ Ay Ay A~ v A &

J ZXPlane v | None = |J </ Generate W share Topology EElParameters

JnE)ctrude *Revolve ‘Sweep "Skjn{Loft

| WThin/surface ® Blend ~ ‘_Chamfer 4 Point

Sketching T¢ '  Graphics a

™ Line
& Tangent Line

& Line by 2 Tanfients

A Polyline

(= Polygon

"1 Rectangle Auto-Fllet: [
- RectargteDy 3 Points

& Oval

& Circle

44 Circle by 3 Tangents

4 Arc by Tangent

s Arc by 3 Points

& Arc by Center

@ Ellipse

~ Spline

#* Construction Point

#¥ Construction Point at Intersection

Modify | ~
Dimensions
Constraints

Settings

Sketching | Modeling |

Details View r

v

Model View | Print Pre'viewl

|No Selection |Meter |07|07A -

& Rectangle -- Click, or Press and Hold, for first corner of rectangle

Bl UA
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0w taburer - Desgnivocions

J File Create Concept Tools View Help

|2 BB | & || Dundo CRedo JS*E"ECEIE hr MBmR™@® | o~ JSIE@
| Wy W~ g~ fiv v A~ Av A &
J Z#Plane - ?*-| Sketchl =] i ﬁGen&rat&\,Share Topaology &l parameters
(.Extrudmemlve & Sweep Csmﬁmrr—/

|| @Thin/Sufyce ®Blend v ®Chamfer # Point

Tree Qutline oM Graphics
=&l A tabure

....... <= XYPlane
—-,#= ZXPlane

....... » #- Y7PTane
-8 Extrude2

- 1 Part, 1 Body

gy

1

(|

(|

Sketching Modeling

Details View a
=l| Details of Extrude2
Extrude Extrude2
Geometry Sketchl
Operation Add Material
Direction Vector Mone (Mormal)
Direction Mormal
Extent Type Fixed
_IFD1, Depth (>00.02m )
As Thin/Surface?
Merge Topology? |Yes
=l Geometry Selection: 1 0000
Sketch | Sketchl I
0,200
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'@ ahurer - Desgrivoceers

File Create Concept Tools View Help

J

| HBE| @ || Dundo @Redo J5E|EH:IE t&'|®|@.|¢:ﬂ" |5 5@
|~ W~ £~ fiv fv fiv fix A 7
J
J
J

Z¥Plane - ﬂ-| Sketchl &l D:}Generate W chare Topology %l parameters

BExtrude BBRevolve % Sweef L
MNew Sketch

@ hin/Surface % Blend v #¥Cha
Tree Outline Graphics
/& A: taburet
....... v ;1_ e

------- = YZPlane
[+ @ Extrude?
[+ %@ 1 Part, 1 Body

Sketching Madeling

Details View

| Details of ZXPlane
Plane Z¥Plane
Sketches 1
Export Coordinate System? |No
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E Draw ) =

TS —

% Line by 2 Tangents

S Polyline

(~*Polygon

ClRectangle

¢*Rectangle by 3 Points
Soval

Modify | -

Dimensions
Constraints
Settings

=

Sketching | Modeling

Details View n

=l Details of Sketch2
Sketch SketchZ
Sketch Visibility Show Sketch

Show Constraints? | Mo

= Edges: 4

Full Circle Crl5

Full Circle Crlb

Full Circle Crl7

Full Circle Crla

¥
3
3
3

3
550
b
N8

SIS
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J Z¥Plane  w *+ | Sketch?Z v GGeneratDShare Topology E=lParameters
(B Extrude ) #Revolve & Sweep 4 Skin/Loft

|| BThin/surface ®Blend v % Chamfer € Point

Tree Outline ' Graphics

=% A: taburet

| I, = X¥Plane

| -3 ZXPlane

| 0P Sketchl
| b8 Sketch?2
| = YZPlane

| =B Extrude2

: - 2 Sketchl
I

I

I

[

|:_:|..-.,,_. Extrude3
g Sketch2
-, %8 1 Part, 1 Body

Sketching Modeling |

Details View

=l| Details of Extrude3
Extrude Extrude3
Geometry Sketch?2
Operation Add Material
Direction Vector Mone (Normal)
Direction CReversed
Extent Type
" FD1, Depth (>0)(0,5m )
As Thin/Surface?  |No—
Merge Topology? |Yes

=l Geometry Selection: 1
Sketch | Sketch2
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D TpaHCHHHI/ISI FCOMCTpH‘ICCKOﬁ MOACIIN

['eomeTpryeckyro MoJieidb MOXHO CO3[aTh BO BCTPOCHHOM MOJIEIHPOB-
muke CAD - DesignModeler WorkBench wnn ummopTtupoBats u3 BHeI-
Hel nporpammel CAD.

YToObl UMIIOPTUPOBATH TEOMETPUUECKYIO MOJIEIB, CIEAYET BbI3BATh KOH-
TEKCTHOE MEHIO IPAaBOM KJIaBUIIEN MbIIIU B cTpoke Geometry, nepenTy B
CTPOYKY UMIIOPTA FEOMETPUU U BHIOpATh (haiiil reoMeTpuu, CO3aHHbINA BO
BHelHel nporpamme CAD:

- A

8 = Static Structural

2 @ Engineering Data +"

3 |@ Geometry @ ‘l
4 @ Model | New Geometry...
5 @' Setup < Import Geometry S”m Browse...\
6 Q_j Solution : 23 Duplicate 5 6
’ @ Resuits Transfer Data From Mew 3 bl paTI)
Static Structural Transfer Data To Mew 3 llab.x_t
#  Update
Refresh
Reset
QE Rename
Properties
Quick Help

VY 100HbIM (hOpMaTOM Fr€OMETpUU sABIIAETCS *.X_t

3aHuMasICh mocTpoeHueM reomerpun B mooumoit CAD nporpamme (So-
lidWorks, Kompas, AutoCAD, SolidEdge u npyrue; nins WorkBench net
OTpaHUYECHHI 10 MPUMEHIEMBIM KOHCTPYKTOPCKUM IpOrpaMmam) Cleay-
€T COXPaHUTh reoMeTpHIo B hopmate *.X _t.

WorkBench wumMeer cBoW BCTPOCHHBIM MOAYJIh T€OMETPUYECKUX TIO-
CTPOCHHM, B KOTOPOM MOKHO IIOCTPOUTh OTHOCHUTEIBHO HECIOXKHYIO
TE€OMETPHIO UM MPOCMOTPETh UMIOPTHPOBAHHYIO HA PacyeT FeOMETPHIO
13 BHEIIHEH IPOTPAMMBI.
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’ ITepexon k pacuery

ITocne Toro, kKak UMMOPTUPOBAHA TEOMETPUYECKAS] MOJIEIb M3 BHEIIHEN
nporpamMmmbl CAD, MOXKHO NIEpENTH K HACTPOUKE pacyeTHON Moaenu. s

3TOro CIeAyeT B OKHE HACTPOEK MEPEUTH B CTPOUKY Setup M JBaKJbl Ha-
KaTh JIEBYIO KJIaBULIY MbILIH:

-
@ A : taburet - Mechanical [ANSYS Multiphysics]

J File Edit View Units Tools Help |J al ‘} Solve E. @ v .Worksheet i
G R YR - RRE R &S @ Qelamaas:

Geometry v . J F’Show‘u’emces &8 Wireframe | INEdgeColoring v A~ A~ A~ A~ A~ A | |- Thicke
‘ Madel _: JEm.rironment G Inertial = ‘B Loads = @k Supports - U®, Conditions ~ @ﬂ irect FE = | Ew
ﬁ Setup 2 ‘ I

Solution E

--.Icn|/u\|_btum

@ Results F 4 5] - A Geometry
- s, Coordinate Systems
taburet vk
81 Mesh

= 7E| Static Structural (
‘,.Q{ Analysis Setting
E| -,- Solution (A6)

/[II Solution Ir

L P T — ’
Details of "Static Structural” n
[=I| Definition

Physics Type Structural
Analysis Type | Static Structura Geometry /4 Print Preview)\ Report Preview/
Solver Target | Mechanical A...| Graph

[=I| Options
Erwironme... | 22, *C

I Tabular Dat

Generate Inp... |No

Press F1 for Help |Qﬁ'l MNe Message|No Selection

OTKpoeTCﬂ OKHO pacquﬁoro MOILy.]'ISI JUTSt pemeHI/Iﬂ 3a1aun KOHCprKLIH-
onHoil mpounoctu Mechanical ANSYS, u B HeM NOSIBUTCSI UMIIOPTUPO-
BaHHAsl HAa pacyeT reOMETPHsI.
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‘ Nurtepdeiic pacueTHOrO MOAYJIS
KommnoHeHThI moJ1b30BaTeIbcKOTO HHTEpdeiica:

=) |

| File Edit View Units Tools Help || @ | /Sove ~ #@ ¥ & @~ MeHto
RAYE-CEREDR @ 5S¢ AQAR @EAQC R0 e - | AHCTOVMEHTbI
| < A
| FE

P Show Vertices é@Wireﬂame | Il Edge Coloring v A~ A M ﬂ' [l [0 Thicken Annotations I:lél"ashowl\.-'hash ,‘%:.Show(:oordi

Environment T Inertial = &% Loads = 9% Supports = @ Conditions

Outline n Mechanical Applicatio.. R X

Project

B @ Model (A4)

----- ﬁ Geometry
‘/,«g\ Coordinate Syste
; _‘//% Mesh

El-9(=] Static Structu
-‘,:5: Analysis Se

Stress Analysis

Determine safety factors,
stresses and deformation for
a body or assembly under
structural loading.

l."_% Choose Wizard

2/ Solution
"] solut Required Steps
Click each task below for
information.
epeBo @ Verify Material
Aep pacpuyeckoe . .
n poeKTa ﬂ Consider Multistep
OKHO Analysis
.4 Insert Structural Loads
l o5 Insert Supports
Insert Structural
b 6 Results
L F—T— r ) Solve
Details of "Static Structural” & n " Heﬁ Ka _D 200 (rny ¥ ) View Results

[=I| Definition .4 View Report
Physics Type Structural _ _ _ i
Analysis Type | Static Stru., Geometry 4 Print Prewew)\ Report Prewew/ | Optional Tasks »
SolverTarget | Mechanic..| Graph 1 Tabular Data 1 | Parameter Tasks » i
=l Options L
Enwironme... |22, *C General Tasks 4
Generate Inp... | No Links »
OkHo
MacTep ,
HaCTpoOekK '
P pacyeToB
Press Fl1 for Help CTpoKa |@ Mo Messages (Mo Selection |Metric (m, kg, N, 5, ¥, &) Degrees r -

.

COOOLIEeHNI [T p——

Urto06s1 BeiBecTH Mactep pacueToB, B MeHto caenaiite BhIOOD:
View > Windows > Mechanical Wizard
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D JlepeBo npoekra

B nepeBe npoekTa nepeyucieHbl CBEpXy BHU3 U OPraHU30BaHbBI BCE 3Ta-
bl pacueTa: reoMeTpruyecKasi MOJeib, MaTEpUalbl, CETKA, HArPYKEHHE,
pacyeTHbIE pe3yJbTaThl.

Yepes nepeBo MpoeKTa OCYIIECTBIACTCS OBICTPHIN JOCTYH K HACTPOUKaM
BCEX JTAIlOB pacyera.

taburet - Mechanical [ANSYS Multiphysics]

X - o

| File Edit Wiew Units Tools Help | ®| ‘_; Solve - Eﬂ Hb?' .

|@mm@ umﬁmnmajwaagggwxﬂ

| A Show Vertices &% Wireframe | Il Edge Coloring - /ﬂ / A A Av ,1’ ||->|| [0 Tt
| Envirenment @‘Inertlal . Loads * . Supports ¥ @ Conditions = @ Direct FE = | &=

QOutline
| @ Project
- 8] Model (ad) <
E| ----- ‘,% Geomeh’y
- B Part 1
Id : B

A Coordinate Systems
Mechanical ; - 2% Global Coordinate System
APDL /’@ Mesh
B 7[3 Static Structural (A5)
,‘/A Analysis Settings

B 9- Solution (A6)
- ¥] Solution Information

CrpykTrypa aepeBa MpoeKTa:

Paznenos “Model” MoxkeT ObITH HECKOIBKO. B ogHOM
MIPOEKTE MOKHO PAacCUNUTATh HECKOJIBKO BAPUAHTOB TIO
r€OMETPHUHU, MaTepHaIaM, Harpy3KaM.

“Geometry” — reoMeTpuyeckas MOJEIb MOXKET COCTOSITh
13 OJIHOM JIeTaIu UiIu U3 COOPKH.

“Contact” — KOHTaKTHBIC YCJIOBUS JJIs ieTaiel B cOOpKe.
“Mesh” — KOHEYHO-?JIeMEHTHAs CETKA.

“Static Structural” — HarpyxeHnue.

“Solution” — cIMCOK pacyETHBIX PE3yJILTATOB.
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22 Cumposr cTaTyca B J€peBe MMPOEKTa
Paznensl nepeBa mpoekTa MapKUPYIOTCS CMMBOJIAMHM TEKYIIEro CTaTyca.
CHUMBOJTBI CTaTyca MO3BOJISIOT OBICTPO OIICHUTHh TOTOBHOCTH MPOEKTA K

pacuery.

3HayeHHE CUMBOJIOB CTaTyca:

(fﬁ pas3Jien MOJTHOCTHIO OMPEJIEIICH U TOTOB K pacyeTy;
;Efl; HETOJIHBIE JaHHbBIC, CIIEYET BBECTH HEIOCTAIOIIHE;
. i CJIeZTyeT IPOBECTH pacyer;
ﬂﬁl poOJIEMHBIC JaHHBIC, CICAYET U3MCHUTH;
"HEE.L OOBEKT MOJABIICH, JIJIS1 HETO BEIYHMCIICHUS HE TTPOBOIATCS,
(7 OOBEKT CKPBIT, HE BBIBOJIUTCS B IPAPUIECKOM OKHE;

-{w% IIO3ULMA B ,Z[&HHBIIZ MOMCHT aKTUBHUPOBAHA,
ﬁﬁ'ﬂ

reacpanuna CETKHU 110 3aJaHHOM pPasSMETKE HCBO3MOIKHA.
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D [TocnemoBaTenbHOCTH PCHICHUA

Pemenue 3a1aun npoxoIuT MOCJIEI0BATENBHO Yepes 4 arara.
1. OcHOBHBIE AOMYLIEHUS
Br16op Tumna ananmsa: craTU4ecKuil, BAOPAIIMOHHBIH. .. ?
Bb160p KOHTaKTHOM MOJeNu: AeTaib Wi cOopka?
Br160p Tuma 35meMeHToB: 000JI0YEUHbBIE T TBEPAOTEIbHBIE...?
2. IIpenpoueccuHr
TpaHcnsuus reoMeTpuYecKOr MOAECIIH.
3aJjaHie CBOMCTB MATEPHUATIOB.
['eneparnus ceTku.
Harpy:xeHue u 3akperuieHne KOHCTPYKIUU.
Br160p pacueTHbIX TapaMeTpoB.
3. Pacuer
4. ITocTrnpoueccuHr
IIpocmoTp pe3ynbTaTos.
IIpoBepka TOCTOBEPHOCTH PELICHUS.

OcCHOBHBIE LIATH

KOHCTPYKIIHOHHOI'0 aHAJIN3A: OcHoBHble ponyuweHus

1. TpancnupoBaTh reOMETPUIECKYIO MO-
nens u3 CAD cucreMsl.

\ 4

2. 3ajaTh CBOMCTBA MAaTEPUAJIOB.

3. CrenepupoBaTh CETKY. fpenpoueccuHr

4. 3akpenuTh MOJENb.
5. IlpunoxuTe Harpy3KH.

6. BeiOpaTh mapameTpsl pemaTess.

PacueTt
7. 3anaTh CIHCOK PAaCUYETHBIX PE3YJIbTATOB U

IMIPOBCCTHU paCUCT.

8. IIpocMOTpeTh pacueTHbIC v

pE3yJIbTATHI. MocTnpoueccuHr
9. CrenepupoBaTh OTYET.

= EkamepuHbype - - - - (343) 37594 03
("ii” N o.m.ogorodnikova@bk.ru - - - - www.cae.urfu.ru
© TexHoueHmMp KOMMbMEPHO20 UHXUHUpUH2a - - - 2017

\_TAg®
i
o) 1 2 |




22 Onucanue perraemMoro npuMepa

Harpy3ka:
[Tocagum Ha TaOypet yenoBeka Becom 80 Kr.

[IprnokeHHy10 CUIOBYIO Harpy3Ky IpPEICTaBUM JIAaBICHUEM HA BEPXHIOIO
IIJIOCKOCTb.

YcioBus 3aKpenJieHus:
[IpeacraBum KOHTAKT Tabypera ¢ OJIOM Kak 3aKkperieHue 0e3 TpeHus
(Frictionless support).
- [Ipu 3akpemienun 6e3 TpeHUs 3anpeniaeTcs NepeMeIeHue mno
HOPMaJIH K MOBEPXHOCTU KOHTAKTa. Pa3pemieno nepemenieHme
BO BCEX HAIIPABIICHUAX 3a UCKIIOYEHUEM HOPMAJIU K TUIOCKO-
CTH 3aKpEIICHUS.
- B o0GnacTu koHTaKTa IpeanonaraeTcs 1eHcTBUe Cuil 6e3 Tpe-
HUS, T.€. KOHCEpBATUBHOE MOBEJICHUE cCUCTEMBI (0e3 pacces-
HUS SHEPIUN).

IIpumeuanue. Ecnu Bce 3aKpeIuIeHUs ONPeIesIeHbl Kak 3aKperuieHus 0e3
TPEHUS, TOSIBUTCS IPeAyNpekaeHIe: «lJI1 OHOTO MM HECKOIBKHX Tell
OTpaHHYEHUE CTENeHEH CBOOOIbI 3a/1aHO HEKOPPEKTHO, YTO MOXKET BbI-
3BaTh KECTKOE JBMKEHHUE Tel. UTOOBI MOTYyYUTh pelieHne, HE00X0UMO
N00aBUThH CJIA0bIE MPYKUHBD.
[Tporpamma aBTOMaTH4ECKU H0OABISET caadble MPYKUHBI B PACUETHYIO
MO/IeJTb, €CJIM BO3MOKHO JKECTKOE IBUKEHHE MO ICHCTBHEM MTPUIIOKEH-
HBIX Harpy3ok. IIlpoBepka rpaHUYHBIX YCIOBUI JOHKHA OATBEPAUTS,
YTO TaKOE€ JBMKEHHE UCKIII0UeHO. B 3TOM cityyae cinabble npyKUHBI HE
BJIMSIIOT Ha PAaCU€THBIEC PE3yJIbTATHI.
- [losiBUTCS npenynpexeHue o ToM, 4YTO MoJIeNb OyIeT IpoBe-
pena. Takoe npeaynpex/ieHNe He O3Ha4YaeT, YTo peleHue Oy-
JI€T HEBEPHBIM.
- Cnabple IpyKHHBI MOTYT OBITH BKIIFOUEHBI/BBIKIIOUEHBI TIOJTb-
30BaTelNEM.

KoHCTpyKIIMOHHBIN MaTepHa:
CpaBHUM aTOMUHUU U MJIACTHK.

Kakue napamerpsl nocunraem:
CwMmenienusi, S5KBUBaJICHTHbIE HanpsbkeHnss Museca, ko3 uimenr 3amnaca
10 IIPOYHOCTH.

T
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2D Bri6op maTepuaina u3 6a3bl JaHHBIX

ITo YMOJIYaHHUIO UMIIOPTHUPOBAHHAA B IIPOCKT ACTAJIb BBIIIOJIHCHA U3 KOH-
CTPYKIIMOHHOM cTajy. I3MEeHUTh MaTepua WK cO31aTh B 0a3e TaHHBIX
HOBBIU MaTCpHraJl MOKHO 4CPE3 CCPBUC MHIKCHCPHBIX JaHHBIX
Engineering Data.

CrnenmyeT u3 pacueTHOr0 MOJIyJIsl BEPHYTHCSI B OKHO YIPABJICHUS MPOEK-
TOM U niepeiitu o crpouke Engineering Data (nBax/1bl IEIKHYTH MbI-
1IBI0) K BEIOOPY MaTepuala u peakKTUPOBAHUIO CBOMCTB B 0a3e TaHHBIX:

M

_| File Edit View Units Tools Help |J o | :}’ Solve - fﬁ Wh_'g'i ) ] ~ .‘"J‘a'-:u}'sh-zet ig
RAYTER- AR OR @GS AQ QR0 E NSO

Show Vertices % Wireframe Edge Coloring ~ - A - 5 - 4| |~0Thicken Annatations =% Show ek
| & & " e %
_|Geornetry B irtual Body | S Point Mass @ Thermal Point Mass sl Thickness wpBlmported Thickness ‘Laf'—.ﬁ:d Section ‘ Ew

Outline 7
T . ANSYS
= Model (a4) R15.0 |
E| - /B Geometry = |
D e @ Partl
- ‘/,%. Coordinate Systems
i/ Mesh

El-9(=] Static Structural (A5)
- 44 Analysis Settings
sl Solution (A6)
i ¥] Solution Information

File View Tools Units Help

LJNew EOpen... LﬂSave ﬂSaveAs‘.. ‘ﬂ][mport.‘.

+{ Reconnect

Details of "Part 1" n
[+ | Graphics Properties
[=l| Definition Eﬁnalysws Systems g
Suppressed Mo E Design Assessment
Stiffness Behavior Flexible @ Electric

m

m Explicit Dynamics
@ Fluid Flow- BlowMolding (POLYFLOW)
[ Fluid Flow - Extrusion (POLYFLOW)

Coordinate System Default Coordinate Sys..
Reference Temperature | By Environment

Assignment Structural Steel & Fluid Flow (CFX)
Monlinear Effects Yes @ Fluid Flow (FLUENT)
Thermal Strain Effects | Yes 3 Fluid Flow {POLYFL
H ing Box 3
[#| Properties
&l isti drodynamic Time Response
5| CAD IC Engine bl taburet
PartTolerance 0,000001 5 2 |
i View all f Customize... | < T | b
Eress b foEh el o Ready [ Show Progress ||| Show 1Messages | .:
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D Paborta ¢ 6a3oii TaHHBIX MaTEpUATIOB

CaoiicTBa MaTepHrasioB B 0a3e JaHHBIX MOKHO MPOCMOTPETh, OTPEAAKTUPOBATH
U 100aBUTH B PACUCTHBIN MTPOCKT.

CozmaanM CIMCOK MaTEepPHANIOB IS MPOEKTA, BKIIOYMM B HETO aTFOMUHUEBBIH
cruiaB M tactuk. OOpaTuMcs K cymiecTByromeil ondanoreke marepuanos Gen-

eral Materials > BeiOpaTh Mmarepuass! mitocamu > U

Tools

Units  Help

,__1 New SOpen... H Save ﬂSEVE As... | ﬁ]lmport... | <9 Reconnect @@ Refresh Proj

date Project.

% Update Project | (3 Return to Project

.2 Wl Outine of Schematic A2: Engineering Data b M
Physical Properties A / B |C D
Linear Elastic i Contents of Engineering Data @ AOLIMCE Description
Experimental Stress StrainDat 2 = Mater
Hyperelastic = FatiguefData at zero mean stress comes from

— 3 Structural Steel 1 1998 ARME BPY Code, Section 8, Div 2, Table 5

E Flasticity -110.1
El Bilinear Isotropic Hardening = Click here to add a new maieri#

E| Multilinear Isotropic Hardeni
l-'|E| Bilinear Kinematic Hardening

Pri ties of Outline Row 3: Structural ! a * x
E| Multilinear Kinematic Harder Shadlany i =7 2
E Chaboche KinematicHarden c DE
1A anand viscoplastidty 1 Pi:ert\f Valfe Unit (=]l
Creep o 4 Density I kgm~-3 LI E|E
Life 3 ﬂE Isotropic Secanf Coeffident of Thermal Expansion &}
Engineering Data Sources
A B C D
1 Data Source / / Location Description
2 . Favorites Quick agcess list and default items
<' G | terial les fo [
. Eeneral Jse material sampies rar Use in
m‘mm' Materials — = LS various \Jnalyses.
) ) General §se material samples for use in
General Mon-inear Matefials -
- , & , O i nondinegy analyses,
. General use material samples for use in
3 @ General Materials (& (=) various analyses.
Outline of General Materials - X
A B C D E
1 Contents of General Materials = fource Description
2
- Fatigue Data at zero mean stress
3 Structural Steel 5 @ comes from 1998 ASME BPY Code,
Section 8, Div 2, Table 5-110.1
4 -_) Air ELFl &2 | General properties for air.
- N General aluminum alloy. Fatigue
5 Aluminum Alloy ar P properties come from MIL-HDBK-5H,
/ page 3-277.
& Concrete o G;E
7 Copper Alloy B+
3 Gray Cast Iron o
o ) =
g Magnesium Allay /'ﬁ?\\ = —
e ’
10 Polyethylene k ol =
i Fec e = Ha)xumaliite IIroChl.
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P HaznaueHue MaTepuaia JJId J€TalId B IIPOCKTEC

[Tocne o6HOBIICHUS B iepeBe MPOeKTa CHOPMHUPOBAJICS CTUCOK MaTepHa-
JIOB, U3 KOTOPOTO MO>KHO BBIOpATh aJIOMUHHUEBBIN CILIAB.

JloctaTouHO BBIOpaTh B AepeBe AeTaib Partl, B OkHe HACTPOEK OTKPHITh
cnucok Material > Assignment u BBIOpaTh HY>KHBIM MaTepHal.

| File Edit View Units Tools Help |] & | iSove v T md & A @~ WBorkheer i
[RAF B -BRER @5 +QQ QEQQE NS O "
| T Show Vertices %@Wrreﬁame | Il Edge Coloring ~ ,ﬂ / A A A / I+l [l Thicken Annotations o @ Show Mesh 4!
| Geometry B Virtual Body Point Mass @ Therrnal Paint Wass s T| 1e55  mgplmiported Thickness Layered Section

w
Outline s

Project ANSYS

B @ Model (A4) R15.0 i

jon Information

G

5o

Definition

=
Suppressed Mol
5tiffness Behavior Flefible

Coordinate System Defgult Coordinate Sys...

Reference Temperature | By gnvironment
Material A\ 4

ol

Structural Steel i
e A

Monlinear Effects Yes | Aluminum Alloy

Thermal Strain Effects | Yes Polyethylene
: e ' Sy A

i m

[+ Properties X L
ptsa ) p; X
0,050
[=I| CAD Attributes

ST g G try £ Print Preview , Report Preview /

Press F1 for Help |LV'§| No Message !No Selection

EkamepuHbype - - - - (343) 375 94 03 24
o.m.ogorodnikova@bk.ru - - - - www.cae.urfu.ru
© TexHoueHmMp KOMMbMEPHO20 UHXUHUpUH2a - - - 2017




D [Ipunoxenue Harpy3Kku

Beconyto Harpy3ky 80 kr npeactaBum cuiioid 800 H, mpunoxeHHol HOP-
MaJbHO K TOPU30HTAIBHON MTOBEPXHOCTH TadypeTa.

Crnemyet BoIOpATh B IepeBE MPOEKTa CTPOUKy Static Structural, oOpaTuthb-
cs B MeHIO K ciicky Loads, B cniucke BeIOpath Tum Harpysku Force:

) A taburet -
! =l |

| File Edit View Units Tooks Help || @ | fSolve ~ f]

RAYTE-VCERRER &S
| B Show Vertices 8 Wireframe | ge Coloring = Av
|Erw|ror1mer1t G, Inertial v'@ Loads + B Supports » G Cor

| % &% R L @Wﬁ
Lt - Cutline T, Pressure
| T Show Vertices W”E@-LI\I Edg | (=] Project gﬁ Pipe Pressure

f o Model (A4
| Emrlronment CE, Inertial 3 ! &= :tr ic Pressure
O ! ----- - ﬁ Part 1

‘ %, Coordinate Sys orce

@ Project i 2 Global Co . Bearing Load

[l&

"

----- 3 LAl -kl Mesh "u,‘ Bolt Pretension
E| """ v‘& Geometry =] 7[:;__1 Static Struct
i Lo Il Part 1 g Analysis S %, Moment

E| -;D Solution gf‘ Generalized Plane Strain
/f@ Soll) ., Line Pressure
-[ Thermal Condition

Bl ,..L Coordinate Systems
. ,L Global Coordinate System

#¥| Pipe Temperature
ffj‘ Joint Load

Solution (A6) B Fluid Solid Interface
........ //[II Solution Information ¢ ' | 1) Detonation Point

B OKHC H&CTpOCK IMOABUTCA JKCJITBIC CTPOKU JIs 3adaHUs CHUJIbI:

M tzburei Mechanl:aANS\"S Multlphysla]‘

J File Edit View Units Tools Help |J a |

RAY R vREE®
J P Show Vertices é@Wir#ramE | Il Edge Col
JEnvironment L, Inertial ~ @ Loads = S Supg

Qutline 1
Project

| & (8 Model (ag)

EI ﬁ Geometry

s @ Part 1

)\ Coordinate Systems

[

El-+9[=] Static Structural (AS)

:‘ Analysis Settings

el Solution (A6)
(¥] Solution Information

Details of "Force” 1
E|| Scope

scoping Method | Geometry Selection
Mo Selection

= =) Definition
Type
Define By Vector

Force

Magnitude 0, N [ramped)
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’ 3aaHue CUJIbI

Cnez[yeT yKa3aTh MOBEPXHOCTb, K KOTOPOU MPUJI0KEHA CUJIa!

File Edit View Units Tools HelpM| ‘j Solve = ﬁ. |_|:"} [ & (A @~ 'ka heet lk

R AP R CEROED S S rAR QaEan Emal -
F Show Vertices &0 Wireframe | M@%}rmg' A Ar A A A A H |H|Thrcken Annctations T3 Show
G2, Loads ~ L Suppor™™<g %k Conditions + @” Direct FE = | Ew

|
|
|

J Environment 2 Inertial «
Outline
Project
B (@ Model (A4)
E| ﬁ Geometry
: = @ Part 1
,(,vt-. Coordinate Systems
: % Mesh
- -;E] Static Structural (A5)
f\1 Analysis Settings
Ei Force
7@ Solution (AG)
/m Solution Information

=

Details of "Force"

7

=

Scope

Scoping Method | Geometry

Apply

Seley
Cancel

Definition

Type

Force

Define By

Vector

Magnitude

0, N (ramped]

Direction

Click to Define

Suppressed

Ma

BeJII/I‘II/IHy CUJIBI U €€ HaHpaBJICHI/IC
Project
[§| Model (A4)
E| ----- ﬁ Geomefry
i g 0 Part 1
‘,)\ Coordinate Systems
i B Mesh
;E| Static Structural (A5)
‘,n Analysis Settings
ﬁ, Force
/,. solution (AG)
;{1—] Solution Information

=1}
-

Scope

0]

Scoping Method | Geometry Selection

Geometry 1 Face
[=]| Definition
Type Farce
Define By ComponenD

Coordinate System

Global Coordinate System

¥ Component
W ¥ Componera
Z Compaonent

0, N [ramped)

500, N [ramp

Suppressed

0,100 (rr)
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’ OrpaHudeHue cTerneHeil CBo00 bl

TaOyper cTOUT Ha MOy ¥ OrPaHUYEH B IIEPEMEILIEHUAX 110 BEPTUKAIIU

HUKE IJIOCKOCTH MoJjia. TakoMy OrpaHHYEHHUIO CTENEHE CBOOOIbI MOXKET
COOTBETCTBOBATh BHIOOP U3 cIMCKa Supports Tuna 3anenku Fixed - xecT-
Kas 3anenka. [Ipu 3aganum 3a1eTKu ciieryeT BeIOpaTh 4 HUKHUX MOBEPX-

HOCTEH HOXEK U IIPUM

JErwironment CE, Inertial ~

CH CCTKYIO 3a/ICJIKY:
@, Supports v P\Conditions ~ @ DirectFE v | F:

@, Loads(

Qutline
(=] Project s
B @ Model (A1)

E| ----- ﬁ Geometry

; & Part 1
,.L Coordinate Systems
; ,,% Mesh

//E| Static Structural (A5)

%

L t

'3” Remote Displacement

I Velocity

# Impedance Boundary

'32 Frictienless Support

.‘Jv Compression Only Support

‘{_:{ Analysis Settings
b S Foree

;- Solution (A6)

i //m Solution Informatic

q‘?v Cylindrical Support
" Simply Supported
% Fixed Rotation

(B, Elastic Support

Details of "Static Structural (45)"

[=l| Definition
Fhysics Type Structural
Analysis Type Static Structural
Solver Target Mechanical AP...
[=|| Options
Erwironment Temperature | 22, *C
Generate Input Only Mo

Bri6pars 4 mosepxHocTH ¢ HaxaTor kHonkoi CTRL

AR EREEN @ SeQQ Q@A EME|O-
J T Show Vertices +‘Ei‘l.l"uhreframe |molonng >~ A S A A A ﬂ' [+l k- Thicken Annetations DE‘;ShowI"

JEnvironment B, Inertial v @ Loads » S Supdts ~ @ Conditions ~ @ﬂDirect FE ~ | Ew

Outline
= @] Model (A1)

E| ----- ﬁ Geometry

; ........ x 0 Part 1

,L Coordinate Systems
,,% Mesh
B-{=] Static Structural (A5)

: Q Analysis Settings

ﬁ, Force
E ﬁ Fixed Support
,/. Solution (A6)
;{II Solution Information Ie

[=l| Scope
Scoping Method | Geometry Selection
[=| Definition
Type Fixed Support
Suppressed Mo

DV‘?‘/'}(

0,100 ()
0,050
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) g Habop pacdeTHbIX mapaMeTpoB MPOEKTA

Y6eaumcsi, 4T0 BCe HArPy3KW ¥ TPAaHUYHBIC YCIOBUS 33/1aHbIL:

File Edit View Units Tools Help |J a| ‘}'Solve - E. @ [ & [(A] (@~ .Worksheet in

[2Ar - vRAEEE & SCaqea@a o |0
J F Show Vertices a8 Wireframe | Bl Edge Coloring » A~ A~ A~ A~ A~ A |+| |=IThicken Annotations &% Show
JEnwronment T, Inertial v Uk Loads ~ " Supports + "E, Conditions ~ @ﬂ[hrect FE = | Ex

Qutline

Project
B (@ Model (A4)
E| ----- ﬁ Geometry

o @ Part 1
oordinate Systems

..... » )\C

ﬁ, Farce
/11, Fixed Support
----- ;. Solution (AG)

/[II Solution Information

Details of "Static Structural (AS)" a
[=l| Definition
Physics Type Structural
Analysis Type Static Structural
Solver Target Mechanical AP...
[-l| Options
Environment Temperature | 22, *C 3
Generate Input Only Mo

B crimcok BeIYMCISIEMBIX [mapamMcCTpOB IIPOCKT BKIOYHNM CMCIICHUA 110

BEpPTUKAJIN:
ISqu‘tlon !' Deformation « ﬁ Strain * ﬁ Stress ~ T L Energy = | ﬁ Linearized Stress « | Q{Probe - Tools - | EE,User Deﬁne

/# Directional Deformation

Details of "Di

[/ Scope /
Scoping Method anetry Selection
Geometry EBodies

[=l| Definition
Type
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22D Pacuernbie napameTpbl IPOYHOCTH

BkJ1rouuM B CIUCOK BBIUMCIISIEMBIX [MapaMCcTpPOB SKBUBAJICHTHBIC HAIIP:-

KCHUA:
ISqu‘tion md Deformation + ﬁ3':?trair'| -

Tools = @EE User Defineq

mc’itrﬁs - 3 Energy - | ﬁc Linearized Stress -+ | Q{Probe A
QOutline )
Project

B (@ Model (a4)

=, Geometry

| ey B Partl

. Coordinate Systems

iddle Principal

% Minimum Principal

¢5 Maximum Shear
ﬁﬁ Intensity

ﬂg Narmal

T Shear

ﬂg Vector Principal

giton Information ﬂ,} Error
M Directional Deforma

ﬂg Membrane Stress
. Bending Stress

Details of "Selution (46)" o
[=I| Adaptive Mesh Refinement

Max Refinement Loops |1,

Refinement Depth 2,

Information

Status | Solve Required

M

K03 duULMEeHT 3amaca o NPOYHOCTH:

J'Solu‘tion ﬁd Deformation + !’E Strain - ﬁc Stress « wE Energy « | wﬁ Linearized Stress « | Q{Probe - | @] Tools v
Qutline o
Project

= E@ :;dc;::n:?t , Contact Teol
i 0 Part 1 n Beam Tool
)!:g Coordinate Systems
0 Mesh

=] static Structural (A5)
/N Analysis Settings

Details of "Solution (A6)"
[=|| Adaptive Mesh Refinement

Max Refinement Loops |1,

Refinement Depth 2,

[=]| Information

Status Solve Required
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) g 3anycK BBIUUCICHUN U IPOCMOTP PACUETHBIX PE3yJIbTaTOB

B MeHI0 3anycTUTh BBIYHUCIIEHUS - Solve:

i b & » @ wWorksheet iy
RAYERE- VR @ & *1*@1@|Q.°\°\IS°‘QM|E|'
P Show Vertices @@ Wireframe | Il Edge Coloring ~ 4~ A~ A v A || [~dThicken Annotations T Show Mesh| |
Stress Tool G Safety Factor [ Safety Margin (G Stress Ratio

[—" —r——

EI ----- ﬁ Geometry
: o @ Part 1
4_- ----- s ,t.. Coordinate Systems
] ,,% Mesh

----- B3] Static Structural (AS)
n Analysis Settings
ﬁ Force
i J:i” Fixed Support
-] Solution (A6)
_//m Selution Information
/M Directional Deformation
_//ﬁ Equivalent Stress
/@ Stress Tool
_//m Safety Factor

MakcuMalibHbIC CMEIICHUS 110 BEPTUKAIH JI TJAHHOW KOHCTPYKIIUU Ta-

OyperTa. BBIIOJIHEHHOT'O U3 aTlOMUHUS, He npeBbimaet 0.04 Mm:
JRe;uIt 576002 [Auto Scale) » @@ B~ M~ 5 | [Fn | [2: Probe
Outline n
Project

B @ Model (A4)

= Geometry

g [ Part 1

Coordinate Systems

f ‘,@ Mesh

El--{=] Static Structural (A5)
7 Analysis Settings
ﬁ.{ Force

; ,/'3” Fixed Support

Bl A Snlutlnn (A,s} -3,6094e-7
' -6,2444e-6
1,2128e5
-1,8011e-5
_2,3805¢-5

,0 Dlredmnal Defnrmahnn

B ,/. ShessTooI

- ./0 Safety Factor 2477805
-3,5662e-5
Details of "Directional Deformation” n -4,1545e-5 Min
[=l| Scope
Scoping Method |Geumet|]r Selection
Geometry | All Bodies
[=| Definition
Type Directional Deformation
Crientation ¥ Axis
By Time
Display Time Last ¥
Coordinate System Global Coordinate System
Calculate Time History |Yes
I;e:::::ed Ho G try A Print Preview } Report Preview/ |
[=I| Results Graph B Tabular Data a
Minimum |4,1545e-005m JAnimation >’i”ﬁm | Q 10 Frames
Maximum |1,1406e-005 m
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2D Pacuernas POYHOCTh KOHCTPYKIIMH

DOKBHUBAJIEHTHBIE HaMpsKeHus Muzeca He npeBblimatot 4,5 Mlla:
JResuIt 57e-002 (Auto Scale) ~ B~ B~ @i~ & | [Fog | [E5: Probe

=] Project
B (3 Model (A4)
B /B Geometry
L ey Partl
,/)4!:. Coordinate Systems

Mesh
E-,{=] Static Structural (A5)
f /™ Analysis Settings

ﬁ.{ Force

4,0087ef

! '/Eiﬂ Fixed Support 35118e6
= Solution (A6) 3,013e86
,/m Solution Information 2,5181ef
P BTECTOa Deformsdia 2,0212¢8
S 152438
. M Safety Factor LI
5,3031e5
. : 33626 Min
Details of "Equivalent Stress” 7
[=l| Scope
Scoping Method | Geometry Selection
Geometry |AII Bodies
[=]| Definition
Type Equivalent [von-Mises) Stress
By Time
Display Time Last
Calculate Time History | Yes %
Identifier
Suppressed Mo
= Ets:g‘;:t;;i::mt nsur:eraged G try 4 Print Preview } Report Preview/
[=]| Results Graph & Tabular Data 1
Minimum 33626 Pa i [
Maximum |4,sosse+oos Pa J rimation >FHE L@ tofrme:

KoadduruenT 3anaca mo npoyHOCTH MpEBBIMAET 15 npu Bece aatoMu-
HUEBOTO Tabypera 2,78 KT u Bece cuasiero yeioneka 80 Kr.

| Result  5,7e-002 (uto scale) ~ @ B~ W 5| W [ Probe
QOutline i
Project
Bl (@] Model (A4)
[l M Geometry
Lo B Part 1
----- v )é\ Coordinate Systems
....... ./% Mesh
B-,{=] Static Structural (AS5)
,/:'/\‘ Analysis Settings
foee ﬁ, Force
_/@” Fixed Support
B solution (A6)
o ,;[1-] Solution Information

& Directional Deformation
------ M Equivalent Stress
oo M Safety Factor

Details of "Safety Factor” 7
[=l| Scope

Scoping Method |Geometry Selection

Geometry |AII Bodies

[=]| Definition

Type Safety Factor

By Time

Display Time Last
Calculate Time History | Yes
Identifier
Suppressed No

[=]| Integration Point Results
Display Option |A\reraged
[=| Results Graph R Tabular Data 5

Minimum |>10 ||Animation }li”ﬁﬂ];l | Q10 Frames
BBIBOJI: KOHCTPYKIIMS IIEPEOIIPEAETIEHA 10 TIPOYHOCTH.

G try A Print Preview » Report Preview/ |
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2D Pacuer IPOYHOCTH JIJISl APYTOro Marepuaia

BriGepem npyroit maTepuai 1isi KOHCTPYKIIMH - TTOJIMATUIICH:

| File Edit View Units Tools Help |J @ | fsove, v T W » @i~ W vionksheet dn ‘
(FAYR-CERREBR &G A eagaaRins O |
| 7 Show Vertices @ Wireframe | Il Edge Coloring = i~ /im A~ A~ A~ A |2l |-IThicken Annotations T Show Mesh & Show Coorg
|

Geometry S virtual Body |91P0thass B Thermal Mbint Mass  wg Thickness  mgilmported Thickness qLayEredSE:t\Dn | Ed
Outline 1 |

E@ P[%ie:miel (ag) AN SYS
& ey R15.0 ‘

Graphics Properties \ -
1| Definition \ B
Suppressed No \
Stiffness Behavior Flexible \
Coordinate System Default Coordinate Sﬂtem
Reference Temperature By Environment ‘
[=I| Material

Assignment
Nanlinear Effects
Thermal 5train Effects

Aluminum Alloy
Yes

Structural Steel

Yes

Bounding Box 3
[=I| Properties r
Volume 1,002e-003 m*
Mass 2,7755 kg
Centroid X 1,2381e017 m
Centroid ¥ -5,2902e-002 m
Centroid 2 B,879e 018 m

Moment of Inertia Ipl | 4,2661e-002 kg-m*
Moment of Inertia Ip2 | 3,87322-002 kg-m*
Moment of Inertia Ip3 | 4,2661e-002 kg-m*

Ié| ﬁ Geometry
Loy B Part 1
‘,;5\ Coordinate Systems
-8 Mesh
- /=] Static Structural (A5)

A Analysis Settings

--ﬁ, Force

.,13;, Fixed Support

- A Solution (A6)

@ Solution Information

- M Directional Deformation
ﬁ Equivalent Stress

Details of "Safety Factor”
[=| Scope
Scoping Method ; Geometry Selection
Geometry IAH Bodies
[=I| Definition
Type Safety Factor
By Time
Display Time Last
Calculate Time History | Yes
Identifier
Suppressed Nao
E Display Opt:;mt R5H|T\reraged G try A Print Preview i Report Preview /
I=I| Results Graph R Tabular Data 2
Woinin [ (| aniemation - [ 11| @ 10 Fames r

BriBoA: KOHCTPYKIIUS MEPEOIPEEIeHa [0 TPOUYHOCTH.
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’ Pacuer IMPOYHOCTH AJIA APYI'Ooro Tuiia 3aJCJIKN

Pacnionosxenre KOHIIEHTPATOPOB HAMIPSKEHUH U BeTHMYUHA KOdDPUIneH-
Ta 3araca 3aBUCUT OT BBIOPAHHOTO TUIA 3a/1enku. bonee mpaBmaonomno0-
HBIN pe3yabpTaT MoydaeTcs npu Beioope Static Structural > Support >
Frictionless Support .

XKecrkas 3anenka Fixed Support 3amperniaeT BceM BEIOpaHHBIM TTOBEPXHO-
CTSIM CMEIIAThCS 110 BCEM HaMpaBJICHUSAM KOOPIUHAT.

I'panuunsie ycnoBus Frictionless Support 3anpeiiaroT oTAeIeHUE BbI-
OpaHHBIX IIOCKOCTEHN OT MJIOCKOCTH, HO pa3pelialoT OTHOCUTENIbHbIE Tie-
peMenieHus 1o MmI0CKOCTH. Takoe onpeneneHne TpaHuYHbIX YCJIOBI/IH

JTydli€ COOTBETCTBYCT pe]ﬂaeMOI/I 3aaa4c.
Qutline a
[=] Project
2 [@ Model (A4)
ﬁ Geometry
-k Coordinate Systems
....... ./% Mesh
-+2] Static Structural (A5)
7N Analysis Settings

Scoping Method | Geometry Selection
Geometry 4 Faces

- Definition
Type Frictionless Support
Suppressed No

i

PC3YJIBT3T pacdcTa OTIIN4acTCA:
Qutline a
Project
& (@ Model (A4)

& Geometry

-5k Coordinate Systems

....... 8 Mesh

53 Static Structural (AS)
74 Analysis Settings

/B Force

/B Frictionless Support
£)-/8 Solution (A6)

/3] Solution Information
/88 Equivalent Stress

[ g8 Stress Tool

Details of "Equivalent Stress” 1

=l Scope

Scoping Method Geometry Selection

Geometry All Bodies

=l Definition

Tvne [Fauivalent fvon-Mises) §...

54841e5
4,802e5
4,1198e5
34377e5
2,7555e5
2,0734e5
1,3913e5
70911
2696,7 Min

0,000

0,150
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) g JloGaBiieHre B MPOEKT APYTOro pacyeTHOro OoKca

Uto06s1 106aBUTH B IPOEKT €I111€ OJTHOTO PACYETHOTO OOKCA, JOCTATOYHO

JIBKJIBI IICJIKHYTh MBIIIBIO 10 BBIOPAHHOW CTPOYKE.

Jlo6aBuM O0OKC MOJAIBHOTO pacdyeTa COOCTBEHHBIX YacTOT U (hOPM KoJIe-

0aHU KOHCTPYKIIHU.

Fie \View Tools Units Help
_INew [ Open... ld Save (&l Save As... |ﬁ]lmport... |~rT Reconnect & Refresh
A N Project Schematic

B Analysis Systems

@ Design Assessment

(8 Electric T
i Explicit Dynamics il = Static Structural
€& Fluid Flow - Blow Molding (POLYFLO 2 & Engineering Data +
& Fluid Flow - Extrusion (POLYFLOW) 3 @) Geometry v
& Fluid Flow (CFX) 4+ @ Model >
& Fluid Flow (FLUENT) 4
(& Fluid Flow (POLYFLOW) 5| @& Setup v 4
Harmonic Response & Solution ¥
@ Hydrodynamic Diffraction 7 @ Results v
& Hydrodynamic Time Response

taburet

% IC Engine

ﬁ Linear Buckling
[id] Magnetostatic
<@deal N |
EH Modal (Samcef)
ﬂﬂ Random Vibration
ﬂﬂ Response Spectrum

l Maodal analysis using Mechanical APDL solver ]
il

© TexHoueHmMp KOMMbMEPHO20 UHXUHUpUH2a - - - 2017

- - B
iyl = Static Structural 1 w
2 & Engineering Data + 2 & Engineering Data + |
3 @) Geometry v , 3 @ Geometry ?.
4 @ Model v 4 @ Model 7,
s @ Setup v 4 5 @ Setup 7,
6 Solution v , 6 Solution 7,
7 @ Results v , 7 @ Results 7,

taburet Maodal
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D Opranuzanus cBA3el MEX1y pacueTHBIMU OOKCaMu

JIBa Gokca cieyeT cBsizaTh. B 4acTHOCTH, MPOYHOCTHOM M BUOpAIIUOH-
HBIM pacyeThl MOTYT UMEThH 00IIIME CBOMCTBA MATEPUAIOB U TEOMETPHIO.
CoOOTBETCTBYIOIINE CTPOYKHA OOKCOB CJICIYeT CBSI3aTh THOKUMU CBS3SIMU.
UtoOBI OpraHU30BaTh CBS3h, HY)KHO HAKATh MBITITBIO CTPOUKY B OOKCce A
1 BECTH JI0 HYKHOU CTpOUYKH B OoKce B.

- A - B

8l = Static Structural 1

G |#® Engineering Data v D 2 Share A2

3 @) Geometry v 3 _@ Geometry P
4@ Model v 4 4@ Model ? i
5 _ﬁ Setup v 5 _@ Setup T .
6 @ Solution 7 6 @& Solution T .
7 @ Results v 7 |§@ Results =

taburet Modal

B pesynbraTte BEICBEUNBAETCS CBSA3b:

- Iy - B

1 — Static Structural 1

2 |#® Engineering Data v 2 | & Engineering Data +

3 |{i) Geometry Ty 3|@ Geometry =

4 @ Model 7 4 @ Model 2,

5 @ Setup o 5 | @@ Setup By

6 |5 Solution v 6 Solution By

?'Q Results o ?'Q Results iy
taburet Modal

- A - B

il = Static Structural i@l T Modal

2 & Engineering Data & Engineering Data +

3 'lm Geometry Wil Geometry i

4 @ Model - 7 @ Model ¥

5 @ Setup o @ﬁ SetuQ ¥ .

6 g5 Solution v 6 Solution 7 .

?.@ Results i ?'@ Results ¥

taburet Modal I
CJ'IeI[yeT BBIITOJIHUTH OCTAJIbHBIC HaCTpOﬁKH pvaeTHOﬁ MOICIIN, 06pa-

THUBIIKCH K MOJTYJIFO MEXaHHUECKHX PACUYETOB Uyepe3 CTPouKy Setup 60kca
MOJIAJIBHOTO aHAJIN3A.
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‘ Hacrpolikun MoganbHOro aHajim3a

B MOAAJIbHOM aHAJIM3C 3a1aCTCA TOJIBKO OIrPaHUYCHUC CTCICHEH CBO6OIH)I.

F

TAYECCARRE @A A/ QREQ QRN E| O

A~ Aiv A~ A~ A~ A I HThicken Annotations "% 5how Mesk 25 Show

Outl

Project
- (@ Model (B4)

Details of "Modal”

J
J
| 7 Show Vertices &2 Wireframe | Il Edge Coloring
| Environment ® fnertial » % Loads + - Supports ¥

=

-, @@ Geometry
% Coordinate Systems

%, Conditions v %, Direct FE~ | B:

g 2] Clear Generated Data

dh Rename

_4 Open Solver Files Directory

=l| Definition
Physics Type Structural
Analysis Type Modal
Solver Target Mechanical APDL
= Options
Environment Temperature \ 22,°C
Generate Input Only \ No
Outline
Project
2. & Model (B4)

& Geometry
s+ Coordinate Systems
A% Mesh
B[] Modal (B5)
- Pre-Stress (None)
74 Analysis Settings
,,ﬁ” Fixed Support
E-7l8] Solution (B6)
....{¥] Solution Information

Details of "Fixed Support”

=|Scope
Scoping Method | Geometry Selection
e Appl Cancel
= Definiti
Type \erd Support
Suppressed [No

Geometry

Tabular Data

[ Remote Displacement

@, Frictionless Support

&, Compression Only Support
&, Cylindrical Support

@, Elastic Support

U, Constraint Equation

&, Nodal Orientation
@ FE Displacement

B Commands

0,300 (m)

0,100

| ydeioy | safiessapy |

EkamepuHbype
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)4 [TpocMOTp cOOCTBEHHBIX YacTOT U (hOPM KoJIeOaHUI

PCByJ'IBTaTOM pacucTa ABJIACTCA JIMCTHHT CO6CTBCHHI>IX qacToT.
QOutline q

Project
S & Model (B4)
Fl-, % Geometry
=k Coordinate Systems
=i Modal (B5)
- 78 Pre-Stress (None)
74 Analysis Settings
1, Fixed Support
H-/&l Solution (B6)
i.... (1] Solution Information

Details of "Solution (B6)" 7

| Adaptive Mesh Refinement
Max Refinement Loops | 1.
Refinement Depth 2,

=l Information

Status | Daone

0,150

Geometry;(Print Preview}\Repc:-rt Preview/'

Tabular Data
Mode (¥ Frequency [Hz]

Jlnst mpocmotpa popMm KosieOaHHil HY>KHO BBIOpATh ATy

OO0 B KOHTEKCTHOM MCHIO:
Tabular Data

Create Mode Shape Results

Select All

Cnucok MoJI IOSIBUTCS B JIEPEBE MPOEKTA.
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‘ AHuMaINI MEXaHUUECKUX KOJIeOaHu i

JJ1st aHMMaIMoHHOTO BhIBOJIA OpM KoJieOaHUI HY>KHO B JIEPEBE MPOEKTa
3a/1aTh TEHEPAINI0 HEOOXOAMMBIX TAHHBIX M HAKATh KHOMKY Animation:

'
Project
B Model (B4)
- @ Geometry
i sk Coordinate Systems
- A8 Mesh
-1 Modal (BS)
/=0 Pre-Stress (None)
»£4 Analysis Settings
- M8, Fixed Support
i=---&| Solution (B6)
-, %] Solution Information

. .| Total Deformation

M@ Total Deformatio, ~ Insert ’

e ——
8 Total Deformatr” ey
L]

-4 Total Deformati
.M Total Deformatior (@ Suppress

-4 Total Deformatior
% B! Duplicate
B! Duplicate Without Results 0,000 0,300 ¢}
B
Details of "Total Deformation” : gz}tpy 0,150
=l Scope :
Scoping Method | Geometry Selection 2] Clear Generated Data Report Prewew/
Geometry All Bodies ¥ Delete
=l Definition dk Rename
Type Total Deformation | g Rename Based on Definition
Mode %
outine
Project
= [&] Model (B4)
[ 4@ Geometry

4 Coordinate Systems
i B Mesh
=l Modal (B5)
/T2 Pre-Stress (None)
_/g Analysis Settings
"Ei’ Fixed Support
E-./& Solution (B6)
... /31 solution Information ;
- Total Deformation i
R 0,020648
-, Total Deformation 3 0 Min
A Total Deformation 4

-, Total Deformation 5 i
- M Total Deformation 6 I.
0,000 0,300 {mj ”
S

Details of "Total Deformation 2" 2 0,150
= Scope z 5 7

Scoping Method [T R, Geometry/{Prmt Prewew)\Report Prewew/ |

Geometry | All Bodies Gra 2 Tabular Data a
= Definiti S r—

Type Total Deformation <~lAn|matlon b) W[ T Q 10 Frames v 2f 5 T‘Ode ‘Z:;quency [Hz]

Mode 2% 6 il &

Identifier Bhis _@ 2|2, 107,59

Suppressed No 313 149,67
o a00, - 12 |9

| Minimum [0, m 200, 44 | 570,82

TMaximum __|0,18583 m o1 1 I : ! 515 65803
Information 1 2 3 4 5 6 6 |6, 738,08

B Messagés Graph
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