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1. BBEAEHHUE
B noco6un npezacrasieH yueOHbI IpuMep pacuera OajIki ¢ UCIIOIb30BaHUEM
nporpammHoro komiuiekca (ITK) ANSYS WORKBENCH (Bepcusi He crapiie
2021.R2). banka moaenupyetrcs 6aloYHBIMU dJIeMEHTaMU (4acTh 1) U aIeMeHTaMu
000J104KH (4acTh 2), MPOBOAUTCSA CTATHUECKUI pacueT Ha MPEeAETbHYI0 Harpy3Ky.

OcHoBHBIE 0003HAYECHHS U COKPALLICHHS:

[IKM — HaxaTue nmpaBoy KJIABUIIEH MBIIIU

JIKM — HaxkaTHe JIEBOU KJIaBUILIEW MBIIIN

KOM — xoHeuHO-pJIeMEeHTHAA MOJICIIb

DV - Details View

OcHosbl ynpasjieHus uarepgeiicom IIK ANSYS WORKBENCH.

3a)kaB KOJIECUKO MBIIIIH, BPAIIAETCS TEJIO BOKPYT 3aMKCUPOBAHHON TOYKH.
3akaB KJIaBUILY cfrl 1 KOJIECUKO MBIIIH, TEJIO IEPEMEIIAETCS OCTYNATENBHO.

BparenueM kosecrka MbIIIH MPOU3BOAUTCS MpUOIKeHUe/yaalnenre Tena. Takxke
TEJI0 MOXHO NMPUOJIU3UTH, BbIIETUB ero B paMky [TKM.

Ctrl + A — BoiieNIeHNE BCel reoMeTpuu (Bcex Ten).
Esc — oTMEHUTH BBIJICJICHUE TEOMETPUH.
Ctrl + Z — BepHYTbHCS Ha LIAr HA3a/1.

Ctrl + § — coxpanuts (aii.



2. IOCTAHOBKA 3AJIAYHN
Hepaspe3nast MHoromposieTHass Oanka JBYTaBpPOBOIO CEUYEHHUS MCIBITHIBAET
HArpy3ky OT COOCTBEHHOIO BeCa M BHEIIHIOI SKCIUTyaTallMOHHYIO Harpysky,
paBHOMEPHO-pacTpeACICHHYIO 110 YaCTH OOIICH JUTUHBI.

B kauectBe IMpuMEpa BO3bMEM 6aJ'IKy CO CIICAYIOMHUMHA XapaKTCPUCTUKAMMU:

Tabmauna 2.1. Ucxonabie 1aHHBIE

a S
b 5
c 10
Mapxka cranu BCt3kn2
Ne nByTtaBpa 18
"' '''''' O R T --'. . '..V.--‘. ----- AR b T -. -.-.'k./.'..-". R S R IR A TR
a b &
Puc. 2.1.

Pacuet Oyznet npoBesieH B 0al0YHON MOCTaHOBKE.
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3. CO3JAHUE KOHEYHO-3JJEMEHTHOM MO/JEJIH

3.1. Co3nanue reoMeTpuUYECKOM MOJAeJH 0AJIKH

OtkpeiB npuioxkenne ANSYS WORKBENCH, nons3oBatens yBUJIUT OCHOBHOE
OoKHO mnporpammel. [lepenecem mbimbpi0o Moayias Mechanical Modul B ocHOBHOE
okHO mnporpammel (puc.3.1.1.). Knukaem mnpaBoii kHomkoil mbimm (ITKM) Ha
moayib Geometry u BeiOupaem New Design Modeler (puc.3.1.2.).

B manual. Part2 - Workbench - =] X
Fle Vew Tools Units Extensions Jobs Help
OB e

1) |25 || 8| /[H Profec

@l mport... ‘ o ct [Z] Refresh Project  Update Project | B ACT Start Page
a0l

EREREY outive:Nodata -3 x

Wl SeutAtuus e
@ Static Structural
@ Static Structural (ABAQUS)

N

Static Structural (Samcef)
9 Steady-State Thermal
) steady-State Thermal (ABAC Create standalone system
9 steady-State Thermal (Same
[ Structural Optimization

@ Thermal-Electric

[z Transient Structural

Transient Structural (ABAQU
& Transient Structural (Samce
Transient Thermal
Transient Thermal (ABAQUS
™ Transient Thermal (Samcef)
B Component Systems |
&® ACP(Post)

Properties: No data > B X
o ACP (Pre) A B
Autodyn
@ Engineering Data |1 | Property | Value |

Bxernal Data

@ Bdernal Model

@ Geometry

B Granta M1

B Granta Selector
Injection Molding Data
% Material Designer

] Mechanical APDL

B riccunctioss ]
@ Mes

Kl Microsoft OfficeExcel

h View All / Customize.

i ize...
Ready ¥ 3ob Monitor... | G No DPS Connection | [+ Show Progress % Show 0 Messages

Puc.3.1.1.

[

B8 manual. Part2 - Workbench - a8 x
File View Tools Units Extensions Jobs Help
[P

15| B /[ project

@) Import... ‘ “9Reconnect ) RefreshProject # Update Project | B ACT Start Page

Static Structural

[@ static Structural (ABAQUS) =

@ Static Structural (Samcef)

) Steacy-State Thermal i

) steady-State Thermal (ABAC 2
3
4

¥ EngineeringData v/

Y steady-State Thermal (Sami
2 Structural Optimization

4
Ei Geometry
L

2>
$ todel [B new SpaceClaim Geometry...

Thermal-Electric [3 New DesignModeler Geometry...

4 Transient Structural Mechaiical S Gy »

[ Transient Structural (ABAQL

@& Transient Structural (Samce “3  Dupicate

R Transient Thermal Transfer Data From New 4
Transient Thermal (ABAQUS

(@} Transient Thermal (ABAQU! Transfer Data To New »

 Transient Thermal (Samcef)

[ Component Systems 7 Update

& Ace(Post) Update Upstream Components.

o AcP(Pre) [B] Refresh

& Engineering Data

Bdemal Data Renane Pl = Generdl

@ Bxdemal Model Properties 3 | Component ID

@ Geomety QuickHelp 4 Directory Name

= Graata M1 W Update Condition Parameter (B¢
Granta Selector

Injection Molding Data
@ Material Designer
B Mechanical APDL
@ Mechanical Model

@ Mesh

u Microsoft OfficeExcel
o o X

T View All / Customize...

@ Double-click component to edit. ¥ Job Monitor... B No DPS Connection (- Show Progress %1 Show 0 Messages

Puc.3.1.2.

Korna otkpoercs oxHo Design Modeler, BriOepeM eauHUIIAMH H3MEPEHUS
muumMmeTpel:  JIKM  Units—Millimeter (puc.3.1.3.). Bribepem oy wu3s



IIJIOCKOCTEN IEKapTOBOM CHCTEMBI KOOPAMHAT, HarpuMep, XY ; HAXKMMAeM KHOIIKY
Sketch # — Teneps y Hac BBIOpaH 3CKH3 ISl PUCOBAHMUS;

BRI/ v EE]S¢QARAQEARXEE + (@6 [0
@ Share Topology H REtude 6o @ Sweep  § Skin/Loft “ W Thin/Surface Qe Blend v 4 Chamfer @ Slice

B A: Mechanical Model - DesignModeler

File Create Concept Tools |Units View Help
L IR

||y g A A

XiPlane + 3| Non

?foim”:xonw_mon e
EEe=dioe Inch ]
B8 A ical Model
-y X¥Plane Large Model Support
oy ZXPlane (7 D
oy YZPlane Hadant
/& 0Parts, 0Bodies

Model Tolerance

Sketching  Modeling
¥
0.000 15.000 30,000 (m) Z)\ X
I I ]
7.500 22500
Model View | Print Preview
| @ Ready [No Selection [Meter Degree o o 4

HaxxumaeM Ha Look At Face/Plane/Sketch *®, 4005l cMOTpETh EPIIEHANKYJISIPHO
Ha IJIOCKOCTh BBIOpaHHOTO 3cKu3a (puc.3.1.4.).

Puc.3.1.3.

[E) A: Mechanical Model - DesignModeler
File Create Concept Tools Units View Help —
OB @] Dunie Gredo [[seect[y B RRRB - | H 5[|S ¢ QAQAQAQ QX th] 4@ | 92

e We Ao o fo fe S A T =
X¥Plane v o || sketen

it =) Conversion

v ||| Generate @ e Topolocy ([FParameters || MExtrude @Revoive QoSweep @ Skinvloft || WAThin/Surace @ Blend » & Chamfer @ Slice

Ansys

§ 2021 R2
b YZPlane
"8 0Parts, 0 Bodies

Sketching Modeling

Detas View. 2

1= Detals of Sketch1 i "
Sketch Sketcht e
Sketch Visibility Show Sketch E
Show C ints? | No

¥
0.000 15.000 30.000 (m) ZAAA X
L EEaaaa— ESS—
7,500 22500
@ Ready [1Plane [Meter Degree o o

Puc.3.1.4.

[TpaBoii knonkoi MeIiu (JIKM) knukaem Ha Sketching — Draw — Line. Tenepn
MbI MokeM B okHe Model View pucoBath nuHuu. Pucyem B1oiabs ocu X CTOJBKO



JVHWM, CKOJIbKO y HAC, COIVIACHO YCJIOBHIO, 33JJaHO YYacTKOB. B naHHOM ciydae —
Tpu (puc.2.1.). UToObl JMHUM CTPOMIUCH CTPOTO BAOIb OCH X, JKIUTE MOSBICHUS
yBeaomienus B Bunae Oykssl H (puc. 3.1.5.).

B4 Onpepenenue anachmix cevennii - DesignMadeler

| File Create Concept Tools Units View Help

| OHBE & e Greco [[se y - [E T WO [HE S QAR Q5 a6 |
| B Wy B fiv fov A~ S A 7
| X¥Pane | Sketcnt v 29 || JGenerate Wit lopoios, [BParemeters || MEtude @oRevolve QpSweep @ Skin/Loft || WM Tin/Surtace S blenc v % Chanifer M ilice
| ®roint rslor

=]

\ Line
Tangent Line

£ Line by 2 Tangents
A Polyline
(SPolygon
TlRectangle

¢ Rectangle by 3 Points
@ oval

@ Circle
£A Circle by 3 Tangents.
““uArc by Tengent

4 Arcby 3 Points

Modify
Dimensions

Constraints : e ﬂ b
Settings T,
Sketching | Medeling

/| Details of Sketch1
Sketch | sketcht Y
Sketch Visibilty | Show Sketch

Show Constraints? | No

| Edges: 2 : o
Line n7 X
i Jing 0.000 10,000 20,000 (mre)

Model View | Print Preview

| @ Line--Click, or Release, to define line INo Selection [Millmeter Degree 486 0/

Puc.3.1.5.

Teneps JIKM Dimensions — Horizontal. Beijensiem nBe kpailHue TOUKU KaXKJ10r0
OTpe3Ka M OTBOJMM MBIIIb BBEPX WU BHU3 — JOJDKHA MOSIBUTHCS pa3MepHas
BBIHOCKa cO cBouM HOMepoM. B okne Details View (DV) nanpoTtus 3Toro HOMepa

yKa3bIlBaeM IMHY oTpe3ka (puc.3.1.6.). Cienute 3a NpUHATHIMU €IUHHUIIAMU
u3MepeHus !

[B) &: Onpeenenvie onachsix cevenwii - DesignModeler

| File Create Concept Tools Units View Help

|OEHE| 6| Dunde Grede [[seect[y - [T W (- | H o ||[S+QQAQEQ Q%X th 4@ [
B M- A~ fi S A~ o AP
XtPlane v 3h| sketem - |‘ </ Generate @9 “lare opolog, (] Parameters H Wextrude  @oRevolve @ Sweep  § Skin/Loft ‘; W Thin/Suface @ Blend v 4 Charnfer @ Slice
@roint 5 Conversion

Draw
Modify
[Dimensions |

& Genenal
=4 Horizontal
T Vertical
~Length/Distance
(€ Radius

© Diameter
A _Bnale.

Constraints
Settings

Sketching | Modeling

= Details of Sketch1
Sketch [ sketent
Sketch Visibility | Show Sketch
Show Constraints? | No

= Dimensions: 1 |

e R S

= Edges: 3 |
Line [tn7 i
Line |tns

Line |
J.\t
: 0.000 10.000 20000 (mrm) X
[ E— ES—
i?i«iiv] 5.000 15.000

Model View | Print Preview

| @ Horizontal -- Select first point or 2D Edge for Horizontal dimension

No Selection Milimeter Degree 0 10 A

Puc.3.1.6.



[TocTporB BCe OTPE3KH M yKa3aB MX JJIMHBI, IEPEXOJUM K CICAYIOMEMY ITyHKTY.
JIKM Concept — Lines From Points (puc.3.1.7.) — oObenuHeHne OTAETbHBIX
OTPE3KOB B OOIIYIO0 PACUETHYIO MOJIETH OaTKH.

B o cevenni - Desi I - X
File Create [ Concept] Tools Units View Help

< b = Ay amhl v Ee]SeQRAQA QA Q% |+ e [0

W~ M~ | LinesFrom Sketches =

| wprane E;‘;"c’;;‘:"’“g“ || Generste @ e Topology [EEParameters || WExtrude @loRevolve QpSweep @ Skinfloft || WMTHr/Sufsce @Blend v & Chamter @Sice

e Foa B~ spitedges

Sketching Tooll g 5., ces From Edges

8 Surfaces From Sketches
\line | @ Surfaces From Faces

& TangentLit . Detach

& Lineby2 T Crogs Section »

Constraints
Settings

| sketch1

Sketch Visibility | Show Sketch

Show Constraints? |No
= Dimensions: 3

_H3 | 5000 mm

T1H4 | 5000 mm

_Hs 10000 mm i
=] Edges: 3

Line [Ln10

Line |Ln11 (2

Line [tn12 0 30403 6403 (mm) X

[~ SS—— SS—

15¢+03 4.5e+03

Model View | Print Preview

| @ Ready |No Selection Millimeter Degree 0 [0 ¢

Puc.3.1.7

B oxne DV, menkHyB Ha ctpoky Point Segments, BbinensieM Bce TOYKH H
HaxxumaeM Apply, notom - Generate (puc.3.1.8.).

[ : Onpeacnenvte onacibix ceuenuit - DesignModeler - g X
| File Create Concept Tools Units View Help

JOEE| @[ Dinde @hedo [jseece 'z i T DA [0 | 8|S+ QAAQEAAQ QX th[+ 6 |12

| M- W £~ fiv fv A~ Ao X &

_J X¥Plane v \_smcm - g;“[:;sumq W Shore Topolooy  [FEParameters “W.Extvuc'e Mrevoie QoSwesp  § Skin/Loft |] W Thin/Suface @ Blend v & Charfer @ Sice.

|

@ Point  B) Conversion

Tree Outline L]
(= /& A: Onpegenerine onacbix ceuenmii
El-y3h XYPlane

@ Sketchl

|-y 3= ZXPlane

iy3h YZPlane

L/ Linel

L. 0Parts, 0 Bodies

=] Details of Linet

|
Lines From Points | Line1
Cancel v
Operation Add Material
‘L‘ X
0 4e+03 8+03 (mm)
]

2e+03 Be+03

Model View | Print Preview

|/ Lines From Points Creation -- Select pairs of 2D points, 3D vertices, and Point Feature points for this feature 13 Point Segments Milimeter Degree 0 0 4

Puc.3.1.8.

JIKM Concept — Cross Section — I Section (puc.3.1.9.). Ha sxpane nosiBurcs
JIByTaBpOBO€ ceueHue; B okue DV 3amgaem pasmepsl ceuenus (puc.3.1.10.).



[B) A: Onpeaenesive onachiix ceuenyii - DesignModeler

File Create [ Concept Tools Units View Help

2] led @ | > Lines From Points et B | ARBDR o [ Ew|[SCQARAQEAQ O K @[+ @ 2
W~ 11~ |2 Lines From Sketches =
. || + Generate @@share Topology [EJParameters || B Extrude @oRevolve QoSweep g Skin/Loft || MMTHin/“uriace QuBlend v & Chornie @BSiice

© Surfaces From Edges
&3 Surfaces From Sketches
&7 Surfaces From Faces

@ Circular
© Circular Tube
| £ Channel Section

1Part, 1 Body

T, ZSection
L. L Section

Sketching_Modeling |

m;:,, L
1| Details of Line1

Lines From Points | Line1

Point Segments |3 v

Operation | Add Material
‘L‘ X
des03 8e+03 (mm) &
T ]

2e+03 Be+03

Model View | Print Preview

| @ Ready No Selection Milimeter Degree 0 [0 2

Puc.3.1.9.

Bxo HBIX CueHii -
File Create Concept Tools Units View Help
lad@|@] Due Gre [[se[y b MRRR o | B 8|S QAAQARQ QR [+ e [0
LA AP AP A A AR A
X¥Plane v 3h | sketcht v 19 || /Generste @@ShareTopology EE|Parameters || EExtrude gloRevolve @pSweep §Skin/Loft || WNTH/ufsce QuBlend v & Charnfer @ Slice
@roint B Conversion

Ansys
i 2021 R2
i Linel

E..:‘ 1 Cross Section
R )
=& 1Part, 1 Body

Sketching_Modeling

Details of I1
Sketch n
Show Constraints? | No

w1 10mm
w2 10 mm
w3 20 mm
1mm
1mm
B T = 7 ¥
Line 16 i Bl
Line 17 @
Line 18 X
Line Ln19
e s 0,000 5.000 10,000 (mrm)
Line Ln21 2500 7500
Line Ln22 5
b Ln23 v _Model View | Print Preview
'@ Ready 1 Sketch [Millimeter Degee 0 [0

Puc.3.1.10.

I'eomerpuueckas monenb noctpoeHa. Coxpansiem (ctrl + S). 3akpbiBaeM OKHO
Design Modeler.

Crnenyronum 1marom OyAeT MOCTPOCHHE KOHEUHO-3JIeMeHTHOH Moaenu (KOM).



3.2.
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Co3nanue K9-ceTku Mojaean
OtkpeiBaeM monyias Model — Edit (puc.3.2.1.). IlosButcst okHO Static
Structural Mechanical.

B8 manual. Part2 - Workbench — 5 %4
File View Tools Units Extensions Jobs Hep
LR

DIEIE&] /T o

@limport... | <o Recomect [£] RefreshProject  Update Project | BB ACT StartPage

v A
1
Coupled Field Transiert 2| @ EngneerngData v
Eigenvalue Buckling (8 Geometry v |
Eigenvalue Buckling (Samce " £
4 =
©) Bectric
B BeplictDynamic Mer.hanl. =
) HarmonicAcousts “3  Dupkcate All Analyses (Betz)
Harmanlc Reapome Editin Read-Oriy Mode..,
9 Lsowa
LS-DYNA Restart 23 Dupicate
@ Modal Transfer Data From New >
@ Modal(aBaQuS) Transfer Data To New »
) Modal (NASTRAN)(Beta)
) Modal(samcef) 7 Update | Pocer TR
£l ModalAcoustics Update Upstream Components &
2 ;:""“’“ ‘":;“"" Clear Generated Data 1 ]
sponse Spectum
5 2
A RigidDynamics B re - ri
&) saticAcoustic Reset t
B Saticstrucural Rename 2
) Static Structural (ABAQUS) Properties = .
Satic Structural (Sameef) = &
) seady-state Thermal Quick Help 7 N
) steady-State Thermal (ABAC Add Note 8
) steady-State Thermal (Sam: 9 L
£2) Structural Optimization 10
Thermal-Electric 11
Transient Structural v Ty Py
h 4 View All / Customize... <
@ Right-cick to update component, |B® 3ob Monitar... | N0 DPS Comnection =1 Show Progress |81 Show 0 Messages

Puc.3.2.1.

B okne Outline B nepese nmpoekra Project — Model — Geometry — Line Body.
B nynkre Geometry cToUT 3HaK BOIlpoca. 3HAUUT, IPOBEJCHBI HE BCE HACTPOUKH.
JIKM Project — Model — Geometry — Line Body — Cross Section (oTMeueHo
JKENTOW 3anuBKoi). BriOupaem Haiie nByTaBpoBoe ceueHue (Ha puc.3.2.2. OHO
Ha3zBaHo I1).

e~ Context A Onpeaenerme onacrbix cewenuit - Mechanical [Ansys Mechanical Enterprise PrepPost] - & X
Home Geometry Display Selection Automation Quick Launch ~D O

D % EHE ®named selection [ Commands @images~ 18 é ﬂ :l ;G @ @A @

*i Coordinate System [JComment (B Section Plane

f“ulilmlf Q Sovm Aru'iysli #, Remote Point Lt Chart B Annotation G;;’lg\ew' Point Distributed Tvagas::rm (g:te(tss é::tf;; 05‘;:2;{;:1:1 ,s\gg;u
Outline Solvers Insert Geometry Mass Modify Virtual
Outline ~10X  QQ 8w % C -+ QA @A St KMode- FTRRR® E M & P E [FClipboard- (Empty] Extend- 7

Name v |Se:

. Ansys
2021 R2

v
Details of “Line Body" ~hOx
(# Graphics Properties
= Definition
Suppressed No
Model Type Beam
Stiffness Behavior Flexible -
Coordinate System Default Coordinate System S
Reference Temperature | By Environment N e
- e
Offset Mode N
Offset Type | Centroid N "
Treatment | None 8
= Material ) S
i Structural Steel i
Nonlinear Effects Yes 0 350403 7e+03 (mm) 7 x
Thermal Strain Effects | Yes J
1| Bounding Box 1.75e+03 5.25e+03
@ Properties
@[ Sutisics Messages : vhox
Text Association Timestamp
Details | Section Planes Selection Information  Graphics Annotations = Messages

Selection 4 Metric (mm, kg, N, s, mV, mA)
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JIKM Mesh — Element Size. BBoaum pasmep koHeuHOro 3nemenTta — 100 mm
(puc.3.2.3.). MoxeTe monmpoOoBaTh BBECTH APYTHUE 3HAYCHUS, €CITH, HAIIPUMED,
BBIUMCIUTENbHBIC MONITHOCTH Bamero I1K HeqocTaToOUHEI.

Details of "Mesh" v jx

=| Display

Display Style Use Geometry Setting

= Defaults

Physics Preference Mechanical

Element Order _ Program Controlled
Element Sze | 10.0mm

5] Sing

Quality

| Inflation

# Batch Connections

Advanced

]

)

Nodes 4001
Elements 2000

Details | Section Planes

Puc. 3.2.3.
['enepanus cetku [IKM Mesh — Generate.

Jns xontponsi konudectBa y3i0B (Nodes) u snementoB (Element) B KO-
monenu cM. okHO Details of «Mesh» — Statistics.

st Buzyanuzanuu (Bkiagka ceepxy): JIKM Display — Show Mesh, Thick
Shells and Beams (puc.3.2.4.).

B - Context A:0 ONACHBIX CEUEHMi - [Ansys Mechanical Enterprise PrepPost] - & X
Home  Mesh | Display | Selection  Automation Qui ~ 9 0

@ sometric ~ @ Previous {-Rotate +5x {~Rotate -5« § PanUp ¥ PanDown | Il Random Oy i g

4GlookAt @Qned  bRotate +Sy bRotate Sy 4mPan Left = PanRight | o Rescale ay H

& views Angle 10 CRotate <5z & Rotate -5z @ ZoomIn @ Zoom Out | (A Preferences
Orient Annotation

QQ W@ e O -+ Q@ @@ sdet % Mode- [FT@ R

T show Vertices | ¢ =] oo
T Close Vertices =

Display| Show [Thick Sneils| Cross

s Edge Explode Viewports Show
Mesh | and Eeams |Section Z 2
e

Vertex N Display

¢ % & | [ Clipboard~ [Empty] & Extend~

Outline v 3 x
Name v |Search Out vy
T Project*
- (5 Model (a4)
/% Geometry
&8 Materials
@B Cross Sections
B 2X Coordinate Systems
v®

Use Geometry Setting
Gmes et 1y Setting
5 .
: fE Uipdete Physics Preference | Mechanical
1 3 Generate Mesh Element Order _ Program Controlled
Element Size 10.0 mm

Preie | Generate Mesh e I

o Update the geometry if = Quality
$ Createp| out of date and generate [ infation

the mesh if out of date. I —
Biport. | Batch Connections
+ Advanced

5 Group Al (@ Press F1 for help. =
& Clear Generated Data Nodes 4001
5 Rerame 2 | Etements 2000  §

Start Recording Details Section Planes

Force Update Mesh State (Beta)
—————— 000 25000 500,00 (mm) Z ;

——  ——
125.00 375.00
s S ¥=F
Text Assodation Timestamp

Selection Information  Graphics Annotations Messages

Update the geometry if out of date and generate the mes Messages pane 1 Edge Selected: Length = 10000 mm 4 Metric (mm, kg, N, s, mV, mA) Degrees rad/s Celsius

Puc.3.2.4.

Ecnu Bel npojiennanu Bce BBIIEONUCAHHBIE IEMCTBUS, II0CJIE YETO HAIIPOTUB BETKU
Mesh nosiButcst 3eneHas rajgoudka, Torga mnoctpoenue KDO-Mopenu ycnemHo
3aBEPIICHO U MOXHO UJITH JAJIBIIIE.
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4. TOCTAHOBKA 'PAHUYHBIX YCJIOBUI

4.1. YcaoBusi 3aKperieHus

[TKM Static Structural — Insert — Fixed Support (puc.4.1.1.). IIpu nomoru
JJAHHOW KOMAaHbl CTaBUTCS KecTkas 3aaenka. Coueranuem kiapuin Ctrl+P (vim
HA)XaB COOTBETCTBYIONIYI0 KHONKy () BkmroyaeM (OKycHpOBaHHME Kypcopa Ha
BepinHax (Vertex); nanee, mpeABapuTEIbLHO HaXkaB Ha CTpoKy Geometry B OKHE
Details of “Fixed Support”, BeigensieM Te BEpIIMHBI, B KOTOPHIX Oanka *KECTKO
3amiemicHa, u HaxuMmaem Apply (puc.4.1.2.).

e~ Context A1 01 OnaCHEX CeveHMii - [Ansys Mechanical Enterprise PrepPost] - & X
Home  Environment | Display ~ Selection  Automation Quick Launch ~D O

@ sometric ~ @ Previous {-Rotate +Sx {~Rotate -Sx ¥ PanUp ¥ PanDown | [l Random Oy 1 1 Show Vertices
v | ¥ S A ¢ 0

¢Glookat Qe bRotate <5y cbRotate Sy “=Panleft = PanRight o Rescale [ Close Vertices
Edge Explode Viewports Show

@vViews  Angle 10 CRotate +sz CRotate 52 @Zoomin @ Zoom Out | [ preferences | V5P| Fhow |Thick Shells Cross Remote Fomt Qniay | |20 (Ao seatel
i Annotation Style

Vertex ) Display
O Q@ @ @ Select & Mode~ @ DRRE®® = = [Edpboard- (Empty] @ Extend~

v
2021 R2
g Jg Z:H:m @ Acceleration
ss
=t j.,. Coordinate Systems < Standard Earth Gravity
v @, Rotational Velocity
S 1] Analysis Settn : Treer @ Rotational Acceleration
Pl
) Solution (A6 5 s @ Force
#80 oo ®, Remote Force

% Export Nastran File

i Bott Pretension
Details of "Static Structural (A5)” [0 Duplicate @, Moment
= Definition @  Clear Generated Data @ Line Pressure
‘7”'4‘: X Delete & Joint Load
[n I Rename F2 @ Fixed Support
' 3 Group Al Similar Children ® o
Environment Temperature |2 _ — @, Remote Dispia| o0 SUPPOTt K
b Sl s 5 Open Solver Files Directory o s G Insert a Fixed Support boundary condition
) imply Suppor to prevent a selected geometric or mesh
Y Fiiter Based on Environment (Beta) F% S "7/ entity from moving or deforming. 3
$  Export CAERep Files (Beta) X
2 Elastic Suppor| Te+04 (mm)
£ Abandon RSM Jobs (Beta) @ Press F1 for help.
& Imported Loa = 50207
i@ Motion Loads...
Graph &% Contadt Step Control v hOx
@ Constraint Equation "'
58 Coupling
[E.  Commands

Details Section Planes Selection Information pular Data  Graph

s Python Code

A pane

1 Edge Selected: Length =

Puc.4.1.1.

B E- Context A: OMACHBIX CEEHMT - [Ansys Enterprise PrepPost] - & X
Home Environment Display Selection Automation Quick Launch ~Q2 e

@ sometric ~ @ Previous £-Rotate «Sx {-Rotate s« § PanUp ¥ PanDown | MlRandom - Oy ’ E >‘D¢ s H show Vertices | ¢ =] g

dCtookar Qe Rotate =Sy <bRotate Sy “mPan Left = PanRight | Rescale ;2 ™ 1 Close Vertices

®vViews  Angle 10 | O Rotate =5z O Rotate 5z @ ZoomIn @ ZoomOut | Dpreferences | D5P'YY | how | Thick Shells Cross femote Font lzgﬂhvy 0. (Auto Scale) Edge | Belodct Viewports) Show

Orient Annotation style Vertex Display
Outline =+ = ~30x @Q ®w© o+ QA Q st %Mode ;':@ugmm ¢ B & [FClipboard~ [Empty] & Extend~
Name | Search Outline |V
H Project*

= () Model (A3)
/% Geometry
-« Materials
v & Cross Sections
[/ 3i Coordnate Systems
/@ Mesh
B9[] Static Structural (AS5)

|-/ Scope
T |
1D (Beta) B3
Type FaedSupport A
No
©
X
0 5e+03 Te+04 (mm)
—_—— e )
250403 75003
Graph : : : : : ~aoOx
1.
1

Details | Section Planes Selection Information  Graphics Annotations Messages Tabular Data | Graph

ane

Puc.4.1.2.
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Teneps ycranoBuM mapHupHble onopsl. [IKM Static Structural — Insert —

Remote Displacement (puc.4.1.3.).

M E- Context @ Acceleration Mechanical [Ansys Mechanical Enterprise PrepPost] = o X
“ Home  Emvironment | Display | Selection  Aute % Standard Earth Gravity Quick Launch ~D e
@'sometric ~ @Previous G-Rotate <S¢ {-Rotate Sx  panup B T Rotational Velocity (=N = E _;é{_ S  show Vertices | ¢ m OO
$Glookat  @uea  oRotate +Sy <bRotate Sy 4mPanteft = B Rotational Acceleration [=:] i B Close Vertices =
@Views  Angle[10 G Rotate +sz O Rotate -5z @ zoomin @ i Pipe Pressure P Tk ens cCross, Remote Point QIpiaY | [ol{Auto Scale) Edge: | Ecplode Viewpois) oW
Orient @ Force Style Vertex Display

v, @& Bearing Load

Bolt Pretension
Moment

Line Pressure
B B Cross Sections Thermal Condition
[y 2K Coordinate Systems

H Pipe Temperature
/8D Mesh
Bl W"’ Joint Load
x nsert »
fnalysts Fixed Support

Solve
Displacement

Remote Displacement
support | Remot
Compression Only Suj G Insert 3 Remote Displacement object to

apply both displacements and rotations \‘

% Export Nastran File

Duplicate

& Clear Generated Data

::"”’;" "T’“ Delete Ofindrical Suppat at an arbitrary remote location in space.
nalysis Type ;
[Solver ’n:‘ Rename = iy
9 e Fixed Rotation @ PressF1 for help.
ns Group All Similar Children
Elastic Support

Open Solver Files Directory

BeARIRILIR 9209}

| Generate Input Only Imported Load (Result File)

Filter Based on Environment (Beta)
Export CAERep Files (Beta)
Abandon RSM Jobs (Beta)

Motion Loads...

-}

X
5
options &
| Environment Temperatt. o
Y
kg
2

Fluid Sofid Interface 0 Ses03 Te+04 (mm)
System Coupling Region

2.5e+03 75e+03

Element Birth and Death
@l Contact Step Control
Constraint Equation
Coupling

Graph

Pipe Ideal

Details | Section Planes sages Tabular Data | Graph

ic (mm, kg, N,

v 40 @ Q@ Remote Force @ @  Select " Mode~ ;T@@ PEREMm® ™ E FCiboard- [Empty] @ Extend-

Ansys

2021 R2

¥
Ld
X
~hOox
1.
1

Puc.4.1.3.

Brinensem, kak u B ciyyae ¢ kectkoil 3anenkoit (Fixed Support), Touku, B
KOTOPBIX €CTh LIAPHHUPHBIE OMOPHI, HaxkumaeM nociue 3toro Apply. Hactpoitku
TaHHOW (yHKOMM TIpeAcTaBieHBl Ha puc.4.l.4. BaumartenpHO cienure 3a

HaIlpaBJIEHUEM OCEW KOOpAHUHAT!

. Context A ONACHBIX CEHENNIi - [Ansys Mechanical Enterprise PrepPost] - & X
Home  Environment | Display  Selection  Automation Quick Launch ~8 e
@ isometric ~ @ Previous £-Rotate +5x {-Rotate -5x ¥ Panup ¥ PanDown | B Random [ Oy = E >|<__ I Show Vertices | ¢ s OO0
dGlook st Qued brotate <5y cbRotate Sy 4mPanLeft = PanRight | i Rescale ;] i T Close Vertices o
I Thick Shell:
@views  Angle 10 ORotate sz CRotate 52 @Zoomin @ zoom Out | T Preferences | 2P | o | e e Eomnections Sne” | 0. (auto Scale Fdge | Explade Viewsarrs) Show
Orient Annotation Style Vertex Display

Outiine g “-10x ea eNelfdc-raaaa s kv TRERRRERE PR B
Name | Search Outline |
By & Cross Sections ~

{2 Coordinate Systems

/@ Mesh
-9l Static Structural (AS)
/1 Analysis Settngs

lipboard~ [Empty] &) Extend~ ¥

Solution (A6)
/%) Solution Information
v
Details of "Remote Displacement” ~ioOx
= Scope
Scoping Method  Geometry Selection ) 4
Geometry 2 Vertices
Coordinate System | Global Coordinate System
X Coordinate 7500. mm
" YCoordinate 0. mm
ZCoordinate 0. mm
Location Click to Change Y
& Definition
D (Beta) 31
Type |Remote o
X Component  Free
| YComponent 0. mm (ramped) a— — le304 (mm) !
ZComponent 0, mm (ramped) 2.5e+09 750403
RotationX |0." [ramped)
RotationY  |0.° (ramped) Graph v 3Ox
Rotation Z Free
Suppressed No
# Advanced
Details | Section Planes Selection Information  Graphics Annotations Messages Tabular Data | Graph

A Metric (mn

Puc.4.1.4.
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4.2. BHeniHue HATPY3KH
CornacHo ycnoBHIO 3aJaud, Ha Oallky JCHCTBYeT ABa THUNA PacCHpEeleICHHON
Harpy3KH: OT COOCTBEHHOTO Beca (Oy1eM Ha3bIBaTh €€ BECOBOM HAIPY3KOH (yeight)

U SKCIUTyaTallMOHHAS! HArPy3Ka ((sxc)-

Onpenenum qyeign::

Fy H
Qweight =7 = % = 150.92 ~, e [- nnmuua pacnpeneneHus HArpy3ku, m,g —

Macca Teia U yCKOpeHUe CBOOOHOTO MaieHUsI COOTBETCTBEHHO.
Tenepsb, 3Hast 3HAaUEHUE BECOBOW HArpy3ku, BepHeMcs Kk KO-pacuery.

IIKM Static Structural — Insert — Line Pressure. Tak kak ceWyac MBI
MOJICITUPYEM Harpy3Ky OT CHJI COOCTBEHHOT'O Beca, TO IMPHUKJIAIbIBAEM MBI €€ KO BCel
Oanke (BBIZEIAEM BCIO 0anKky). byapTe BHUMATEIBHBI: €IMHUIIBI U3MEPEHUS B OKHE

H .
HacTpoek - — (puc.4.2.1.). Bmecro Line Pressure moxxHo ucnonb3oBath Force.
MM
H
PemreHre oT 3TOro He UBMEHHUTCS, HO HE 3a0yAbTE IMEpEeBECTH HArpy3Ky u3 — B H.
MM

Hampotus Define By JIKM xnukaem Ha Components, yTOObI TOSBHJIACH
BO3MO>KHOCTh HaIllpaBUTh HArPY3KYy BIOJIb KOOPAUHATHOM OCU. B 1aHHOM ciyuyae —
BJI0JIb ocH Y (puc.4.2.1.).

E= Context A: O OnaCHBIX CeueHMii - {Ansys Enterprise PrepPost] - 5 X
Home  Envionment  Display = Selection  Automation ~2B e
= & R g = |
@ isometric ~ @ Previous £-Rotate -Sx {-Rotate -5x ¥ PanUp ¥ PanDown | BlRandom v Dé = g N  show Vertices | ¢ | oo
#GLook At Q@ next diRotate +Sy <L Rotate Sy #=Pan Left = PanRight = =3 Rescale I Close Vertices (==}
Display | Show [Thick Shells| Cross &z Displ Edge | Explode Viewports  Sh
®views  Angle 10 | ORotate -5z & Rotate -5z @ZoomIn QZoomOut | D Preferences | "> | Jith |'and Besms |Section < e |2 Scale f0e Exprode VISWROLS) | Show

Mesh | and Beams | Section
Annotation Style

Vertex Display

Outiine ~ROx . BEEE S E Ecipoard- [Empty] & Extend~ ¥

QQ 8w [ C-4 Q@ Q@ Sect ®Mode- FT

Name -
/3K Coordinate Systems ~
7@ Mesh
=[] Static Structural (A5)
1] Analysis Settngs

T Solution
5 Solution Information
Details of "Line Pressure" ~3Ox
[ scope
Scoping Method | Geometry Selection

Geometry Apply

=/ Definition

D (Beta) 34
Type Line Pressure
[Detine By Components 1
Coordinate System | Global Coordinate System Y
X Component 0. N/mm (ramped)
Y Component | -0.151 N/mm _(ramped) .
Z Component | 0. N/mm (ramped) X
S d N
= Ll N 0 5403 1e+04 (mm) z
J
25¢+03 75e+03
Graph *Aiox
1
Details | Section Planes Selection Information _ Graphics Annotations Messages Tabular Data | Graph

Messages pane 3 Edges Selected: Length = 20000mm 4 Metric (mm, kg, N, s, mV, mA) Degrees rad/s Celsius

Puc.4.2.1.

[TocTaHOBKA IpaHUYHBIX YCIOBUM OKOHYEHA.
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5. PACUET U BU3YAJIU3ALUA PE3YJIBTATOB

Hactpoum sntopy, kKoTopast HaM Hy’KHa JUIsl 1aJbHEHIIEro peieHns — N3ru0aroIiero
momeHnTa (Bending Moment): [IKM Solution — Insert — Beam Results —

Bending Moment (puc.5.1.).

|- Mi=kd Context A onacHbix ceuenni - {Ansys Enterprise PrepPost] S m e
- Home  Solution | Display | Selection  Automation Quick Launch ~9D 0
@ sometric ~ @ Previous {Rotate +5x {~Rotate sx § PanUp & Pan Down | B Random Oy ‘ g NEJ,(" G A Show Vettices | 5 =] oo
4Glookat @uex  bRotate +Sy bRotate Sy 4mPanleft = PanRight | o Rescale v H (&3 T Close Vertices =
Remo
@Views  Angle|10 | CRotate -5z C Rotate -5z @Zoomin QzoomOut | DPreterences P | et |TeGhels] Cross Fomoilon S | |20 (Aute scale Edge:t Blnde) Viewords) “Show
Orient Annotation e Vertex Display
‘aa e -4 QA QA st KModer TREREE®E P E FCipboard~ [Empty] Sictend-
Name | Search Outline |~ .,
H Project*
= (@ Model (A4)
/% Geometry
/8 Materials

3 Coordinate Systems

& Mesh
/112 Static Structural (A5)

&
[+ Ji] Analysis Settings
/@, Fixed Support
/@y Remote Displacement
/@ Line Pressure
E‘"‘//@¢ il insert » Deformation »
$ sowe Contact Tool » oty
Details of *Solution (A6)" 4 Clear Generated Data Bolt Tool >
1= Solution J> Rename F2 Probe »
Number Of Cores to Use (Be: .
e Group All Similar Children
= Adaptve Mesh Ref 3 {w] P Coordinate Systems .
Max Refinement Loops 5 Open Solver Files Directory Beam Results » £ Axial Force
l gt [z Beam Tool » Z Bending Moment *
Te 1 M nt
Status Solve Required ®, Volume S Toc o Mome -
MAPDL Elapsed Time @ User Defined Result I Shear Force Bending Moment 04 (mm)
MAPDL Memory Used User Defined Crteria 5| Shear-Moment Diagrar Inserta :ﬂr:;‘ MP' tomlua:_tﬂ:e 4
ser Defined Criteria moment in the plane perpendicular
MAFDL Rusulk Fie Size. = and Z components) to the beam axis.
=] Post Processing Grap & Commands P S— B v I O X
Distributed Post Processing (Beta) | Program Controlled D Python Code
Mesh Source (Beta) Program Controlled @ Fres Fifochetp
Beam Section Results No
On Demand Stress/Strain No b
Details | Section Planes Selection Information  Graphics Annotations Messages Tabular Data | Graph

Puc.5.1.

3anmyckaem pacuet. g 3Toro Ha Bkiagkax Home uinu Solution HaxxaTh
KHOTIKY Solve (puc.5.2.).

B E- Context A Onpeaenerme onacHsix cevenuii - Mechanical [Ansys Mechanical Enterprise PrepPost] = m X
Home Solution Display Selection Automation Quick Launch ~D
Scut X Delete | MyComputer - g '/IJI' B ®tsmedselection [ Commands (@ images~ 3 ful]
I_ th 4

cordinate System [JComment [ Section Plane
Solve Resource | Analysis 5
~  Prediion | . uRem

B copy QFind v Distributed
Duplicate

Paste BmTree~ | Cores 2 ote Point | Chart Bannotation | 2% L"‘f’”‘
Outline Solve G Insert

Outline = : v 2 O solve /5)

 Name w|Search Outline |V Solve the simulation
= using the selected
.~ I viodel () sl hendlet Ansys

3] Geome! TR
z mm:sy (@ Press F1 for help. 2021 R2

1 static Structural (AS)
—/H Analysis Settings
/@ Fixed Support
@, Remote Displacement
@ Line Pressure
=& Solution (A6)
{5 Solution Information

/@ Total Bending Moment
Details of “Total Bending Moment" - e BOX
=1/ Scope ~
Scoping Method Geometry Selection
Geometry 3 Edges v
=1 Definition
Type Total Bending Moment
By Time A
|| Display Time Last
Calculate Time History | Yes Q Se+03 1‘70“'""") Z
Identifier 2.5e+03 7.5e+03
Suppressed No ]
=/ Integration Point Results Graph ~310Ox
Display Option | Unaveraged
= Results
| Minimum |
| Maximum | s
Details  Section Planes Selection Information _ Graphics Annotations Messages Tabular Data | Graph

Aetric (mm, kg,

Puc.5.2.
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Korna pacuer Oyner ycnemHo 3aBepliiieH, BKIIOYUTE COOTBETCTBYIOIINE
HaCTPOMKH, KaK 3TO MMOKa3aHO Ha puc.5.3.

. R= Context A0 onacHLX ceyennii - Mechani

I [Ansys ical Enterprise PrepPost] - & X

Home  Result | Display  Seletion  Automation Quick Launch A2 O
D X BB Suamedseiecion  E Commands @)images~ 30 (Auto Scale) -
I Bi -

tem [IComment CHSection Plane | | Scoped Bodies

v snap = B B

D""’i'”" Q S":" Analysls g pemote Paint 1Lt Chart B Annotation | v Large Vertex Contours C¢°™tY “’":“" e | Caoped | e
Outline Solvers Insert Diplay No WireFrame
Outline T3O0X QA ®w@ %[0t QA @@ st KMode® show (o
Name v | Search Outline |~ _ Show Display the result in its deformed state. The
/@ Geometry A Show results displayed are based on previous
-/ {8 Materials

selections in the Geometry and Contours menus.
-+ & Cross Sectons

@3 Coordinate Systems
/@ Mesh
[ ,[ Static Structural (A5)
-/ HH] Analysis Settings
1 /8, Fixed Support

@ Press F1 for help.

Scoping Method Geometry Selection |

Geometry 3 Edges | Y
=) Definition

Type Total Bending Moment .
[ Time X
|| Display Time Last
[ ! z
Calculate Time History Yes e e 7803 o)
dentiier = 1.75+03 5.25¢+03
No
=/ Integration Point Resuits | [Greph ~3Ox
Display Option © Animation |4 b [B] 0| [M]@ | 20Fremes  ~|25eciavte) ~| B3| @ Hij & E B 30yl sAL
= Results
Minimum 483,85 Nimm

1.4542¢+006 Nomm
Minimum Occurs On | Line Bady I |
Maximum Occurs On | Line Body v

Details | Section Planes Selection Information  Graphics Annotations Messages Tabular Data | Graph

play the resuit in its deformed state. The results displayed are bas

tions in the Geometry and Contours menus. 84 No Messages  No Selection & Metric (mm, kg, N, s, mV, mA)

Puc.5.3.

Kax BugHo Ha puc.5.3, onmacHoe ceuenue (Max) Oyner B npaBoi 3azenke. Tenepsb,
3HasT MaKCHMAaJIbHBIN M3rHOalOMMi MOMEHT OT CHJI COOCTBEHHOrO Beca Oajku,
OIIPEAEIIUM JIOIY CTUMYIO IKCIUTYaTallMOHHYIO HArPYy3KY.
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6. OIIPEJIEJIEHUE JOITYCKAEMOM HAT'PY3KHU

CorunacHo [1], umeem 1onmyckaeMblii CyMMapHbIN U3ru0aronmii MOMEHT (CyMMa

BCCOBOT'0 U JKCILTyaTallHOHHOI'O MOMCHTOB)Z
M

WnRyye —
3nauenne MmomeHTa conporusienust W, Bozemem u3 'OCT 57837-2017; Ry, ny, —
u3 [1]. Torna nomyckaeMplii MOMEHT OyJIE€T paBEeH:

M < W,R,y, < 120.1-1076m3-225MIla- 0.9;
M < 24.32xHm

OTO CyMMapHbIi MOMEHT OT MOMEHTOB OT COOCTBEHHOIO Beca H
AKCILTYaTallMOHHOTO:

Mgy = weight T Mexp-

Haiinem BrOpoe ciaraemoe. /[l 3TOro KadyeCTBEHHO IIOCTPOUM  JIIIOPY
U3ru0aroero MOMEHTa OT €IMHUYHOM pacnpeneneHHol Harpy3ku q = 1.

Jlns 3TOro co3manum HOBBIM MOAYJIb Static Structural, nogcoequHUB €ro K
nepBoMy MoAayJiro (puc.6.1.). PacdeT nmpoBoauTes Tak ke, KaK U sl BECOBOM
Harpy3KkH, 3a AByMs UCKIIOUCHHUSIMU: a) SKCIUTyaTallMOHHAs Harpy3ka MOXKeT ObITh
MPWIOKEHA HE KO BCEH JTMHE OaKu (BHUMATEILHO CMOTPHUTE HA YCIOBHE
3a7a4n); 0) B 3TO pa3 pekoMmeHayercs BMecto PpyHkiuu Line Pressure BeiOpaTh
Force (puc.6.2.).

B8 manual. Part1 - Workbench = X
Fle View Tools Units Extensons Jobs Help
wHdBa
= ML Project
@) import... ‘ Reconnect (@] Refresh Project / Update Project | & ACT Start Page
[ Toobox R x R o v ax
B Analysis Systems IS
@ Coupled Field Harmonic
& Coupled Field Moda X A b d B
(@ Coupled Field Static 1 7 static Structural B8 77 static Structural
@ Coupled Field Transient 2 @ AR 2@ Sabas s AN,
8 SigenvalueBuckiing - = i 3 B Geomety e
#) Sgenvalue Buckiing (Samce
@) Electic 4 @ Model v B4 @ Model Vs
¥ BolictDynamic 5 @ senp v 5 | @ setup &
6 | @ Solution v 6§ Solution P .
7 @ Resits v 7 @ Resuts ® .

(¥ LSOYNARestat Onpenenesme onackbix ceuersti EuHiaras Harpyska

@ Modal

il Modal (ABAQUS)

i Modal (NASTRAN)(Beta)
@ Modal (Samcef)

@) Modal Acoustics

{il} Random Vibration

filj ResponseSpectnm

& Rigid Dynamis

) staticAcoustis

@ Static Structural

f@ Static Structural (ABAQUS)
f# Static Structural (Samcef)

) steady-state Thermal

) steady-State Thermal (ABAC

< >

¥ 3ob Monitor... | EEJNo DPS Connection | == Show Progress % Show 0 Messages

Puc.6.1.
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Context Multiple Systems - Mechanical [Ansys Mechanical Enterprise PrepPost] - 5 X

- Home Environment Display Selection Automation Quick Launch A2 O
T Show Vertices | ¢ =] (1]
[ =]

@ sometric ~ QPrevious £-Rotate +Sx {Rotate S« § PanUp ¥ PanDown | [Random v Oy = E
H T Close Vertices

$Glookat  @uext  Rotate «Sy <bRotate Sy 4mPanLeft = PanRight i Rescale

Displey Show Thickshells Cross Remote Point Display

@views  Angle 10 ORotate -5z & Rotate -5z @ Zoom In @ Zoom Out | [ Preferences Mesh and Beams Sedtion Connections Styiee | |20 [Auto Scale} Eiue |tk inop ark § syene
Orient Annotation style Vertex Dlsnla/

© Name ~| Search Outline |~ o
{/®, Fixed Support A
1,/ @, Remote Displacement
B /8 Line Pressure
/& Solution (6)
/{5 Solution Information
/8 Total Bending Moment
=,/ Static Structural 2 (B5)
Hi] Analysis Settings

P Remote Displacement
é% ion (86)

QQ GIEI‘Q S O~ Q'QQQ Select ™ Mode~ ET @ 5 (inlo] m "@E} [l Clipboard~ [Empty] &) Extend~

/& Total Bending Moment v
Details of "Force” ~3Ox
= Scope
Scoping Method | Geometry Selection
Geometry |1Edge
=/ Definition
1D (Beta) 57 Y
Type Force
Define By Components | P
Applied By Surface Effect X
Coordinate System | Global Coordinate System
| | X Component |0, N (ramped) () Je0 a8 tn),
[ Component | -1.6:003 N_(ramped) 256403 7.5e+03
|| ZComponent |0.N (ramped)
Suppressed No Graph ~aOx

Details | Section Planes Selection Information _ Graphics Annotations Messages Tabular Data | Graph

84 No Messages  No Selection 4 Metric (mm, kg, N, 5, mV, mA) Degrees rac

Puc.6.2.

1 —
1000
0.001H. Cnemano Tak MOTOMY, YTO J3MIOpa HM3TMOAIONIETO0 MOMEHTa (puc.6.3.)
CTpOUTCA pa3MepHOCThIO HMmM. [l caMONpOBEpPKH KOHTPOIMPYWTE 3HAYCHUE

SAMHUYHOTO MOMEHTa (puc.6.3.) — OH HE JIOJKEH MPEBHIIATh CIUHUILY.

OOparute BHuUMaHue! Ha puc.6.2. envHu4Has Harpy3ka paBHA (uc =

Dmropa eTMHUYHOTO U3rH0Ar0IIEro MOMEHTA!

= Context Muttiple Systems - Mechanical [Ansys Mechanical Enterprise PrepPost] T X
“ Home Result Display Selection Automation Quick Launch ~3 0
@isometric ~ QPrevious L-Rotate +Sx {-Rotate S« ¥ PanUp ¥ PanDown | M Random v E|\. = g Ny 6 H Show Vertices | ¢ B i)
#GLookat  Quex  oRotate +Sy cbRotate Sy 4=Pan Left = PanRight | i Rescale F Close Vertices =
| Show Ry
B Views  Angle 10 GRotate -5z & Rotate 5z @ ZoomIn QZoom Out | (D Preferences 0P ""m I e secan Connectons Some | [20Auto sl Edde Eplod e VI ot STow
Orient Amotation Style Vertex Display
Outline ~30Ox * QA @@ SelectkModer TEEREBEM® - P E | [Cipboard~ [Empty] | §Extend~
Name w | Search Outline |V o
@, Fixed Support ~

@, Remote Displacement
/@ LinePressure
- ,,Q ‘Solution (A6)
«D Soluton Informaton
/%@ Total Bendng Moment
=] ,ﬂ Static Structural 2 (B5)
-+Hi] Analyss Settings
& Fixed Support
/@, Remote Displacement
@ Force
=-/{8) Solution (86)
{53 Soluton Informaton A
/@ Total Bendng Moment v
Details of "Total Bending Moment” ~a0Ox
=)/ Scope "
Scoping Method | Geometry Selection
Geometry | Al Line Bodies
=l Definition
Type Total Bending Moment Y

By Time
|| Display Time Last | L
Calculate Time History | Ves x

Identifier
Suppressed No . = et i)

Integration Point Results 2.5¢+03 756403
Display Option [Unaveraged

| Results - W (Grph T e T re——— i

| Minimum 85299¢-013 N-mm
Animation | [I]J - v B8 m e [3 Cycles

e e nimation | >|E| . 20 Frames 2Sec (Auto) QS| EE| o sA,
Minimum Occurs On | Line Body v
Details | Section Planes Selection Information  Graphics Annotations Messages Tabular Data  Graph

Jur

Puc.6.3.
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OnacHas TOYKa pacnoJiaraeTcs B JIEBOM 3a/I€JIKe, €IMHUYHbII MOMEHT B HEMl paBeH
M = 0.91; Torna us paBeHCTBA M qpxp = Myp BBIPASUM (eyxp:
q _ Mexp
exp — A
P M

Mowment M,,, HaiiIeM Kak pasHHIly JOIYCTUMOIO MOMEHTa W MAaKCHMaJbHOTO
MOMEHTA OT CUJIbI TSIKECTH.

Meoxp = M — M9, = 24.33 — 1.454 = 22.876 kHm

Torna nomycTuMas SKCILTyaTallMOHHAS HATPY3KA gy OyIET paBHa:

exp
qexp = 7 = ZSKH

OKpyriiMiM 3HAYEHHE (oyp B MEHBLIYIO CTOPOHY B LIENAX YBEIMYEHHS 3amaca
IIPOYHOCTH.

Teneps MBI MOXEM TPHIOKHUTH JOMYCTUMYIO IKCIUTyaTallMOHHYIO HArpy3Ky u
MOCTPOUTH JIIOpYy HU3THOaIIero MoMeHTa. [[1s 3Toro cTpouM TpEeTHl MOAYJIh
Static Structural. Tloncoeaunsiem ero ananorudyno BTopomy (puc.6.1.). YcioBus
3aKpEIUICHUS] HE W3MEHWINCh. OKCIUIyaTallMOHHYIO Harpy3Ky MpPUKIaJIbIBaeM
coryiacHo puc.6.4. Ha puc.6.5. BugHO, 4TO MaKCUMaJIbHBIA MOMEHT paBeH

Mgis* = 22.75kHm.

| W=k Context Multiple Systems - Mechanical [Ansys Mechanical Enterprise PrepPost] - & X
Home  Environment  Display  Selection  Automation ~B o
@ sometric - @ Previous £-Rotate <Sx {-Rotate-5x § PanUp ¥ PanDown = BlRandom O i E I Show Vertices X g oo
Il kAt @ Next iRotate +Sy <L Rotate -Sy 4=PanLeft =bPanRight | =Rescale B H I Close Vertices —_
Display Show Thick Shells Ci 1t Displ Edge | Explode| Viewports Sy
@views  Angle|10 | ORotate -5z O Rotate -5z @ zoomin QzoomOut | Dreferences | DY HioH e A Section e Styres | [20(Auto Scale 06 | Rtace Ficwpors) oW

Orient Annotation Style Vertex Display

Outline ~2Ox ER@®®E ™5 Fibourd- [Empty] @xtend- 2

QA B[w|& % C-+ QA Q@ Seect % Mode- ET

Name v |Search Outline |V ..
/@ Fixed Support ~
+@a Remote Displacement
@ Force

=& Solution (86)
5} Solution Information
-+ @8 Total Bending Moment
/[ Static Structural 3 (C5)
J] Analysis Settings
1/, Fixed Support

§, Remote Displacement —
[t Solution (C6)

£} Solution Information
/@ Total Bending Moment 5
Details of "Force™ ~4Ox

]| Scope

Scoping Method | Geometry Selection
Geometry |1 Edge
=| Definition )
D (Beta) 7 | v
Type Force )
Define By Components
Applied By Surface Effect | X
Coordinate System | Global Coordinate System | 0 45003 92 408 (mm) .
X Component | 0. N (ramped) ]
¥ Component | -25000 N (ramped) | 22seel 675e+03
ZComponent |0.N (ramped)
Suppressed | No || Graph vaox

Details = Section Planes Selection Information  Graphics Annotations Messages Tabular Data Graph

94 NoMessages  No Selection 4 Metric (mm, kg, N, 5, mV, mA) Degrees r

Puc.6.4.
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M- Context Multiple Systems - Mechanical [Ansys Mechanical Enterprise PrepPost] - &8 X
Home Result Display Selection Automation sick Laun ~Q 0

@ isometric - @Previous £-Rotate ~Sx {Rotate 5x ¥ PanUp ¥ PanDown = BIRandom v m] =
#Glook At @ Next biRotate «Sy <bRotate -Sy 4mPan Left =>PanRight = Rescale ::]

I Show Vertices x E 0

J Close Vertices =

@views  Angle 10 CRotate +5z & Rotate 5z @ Zoomin @ ZoomOut | Dreferences | P [ [Thickshells) Cross f 0t DBl |y || Edae | Bplade Viewpors - Show
Orient Annotation Vertex Display
Outne vEO0X  QQ @w[® %[C]r QA Q@ St KMode- TERNDEEEWE® @& ECipbosrd- [Empty] @Bxtend~ 3

Name | Search Outline |V -
/B Analysis Settings ~
/@, Fixed Support
@, Remote Displacement
/@ Force
=,/ Solution (86)
{5 Solution Information
/@ Total Bending Moment
=/l Static Structural 3 (C5)
i /J] Analysis Settings
/@, Fixed Support
/@, Remote Displacement ||
i /@ Force |
=& Solution (C6) 857¢6
{5 solution Information | 5.0571e6

/% Total Bending Moment . 25206e6
Details of “Total Bending Moment" ~iOox IR

=[Scope ~
Scoping Method | Geometry Selection
Geometry | Al Line Bodies

=| Definition

Type Total Bending Moment
By Time ®
Display Time Last X

Calculate Time History | Yes 0 56403 1e+04 (mm)

Identifier ]

Suppressed No 250403 750+03

[=!| Integration Point RBSIJ_“S

Display Option | Unaveraged Graphics Annotations. +lox

=I| Results Tvpe |Value Note |Unit | Location X | Location Y | LocationZ | Association ~
Minimum [2.0631e-005 N-mm Result |4:3228¢-006 Nemm  20000.000000 | 2.150000 0.000000 Model>Static Structural 3>Solution> Total E ¥

>

Maximum 12.2757¢+007 Nmm b
Details | Section Planes Selection Information ' Graphics Annotations = Messages Tabular Data  Graph

ion 4 Metric (mm, kg, N, s, mV, mA) Degrees rad/s Celsius

Puc.6.5.
Torna cymmapHbIii MOMEHT OyAET paBeH

Maum = Myeignt + Mexp = 1.454KHM + 22.75kHM = 24.204KHM
Mgym < M; 24.204kHM < 24.32xHm

YcnoBue mMpoYHOCTH COOITIOICHO.

[TpoBepum Takke MOTEHIIMAIBHOE OMACHOE CEUCHHUE B MPABOM 3aJICIIKe,
I7Ie B BECOBOM 3MMIOpe ObLT MakCHMyM (puc.5.3.), a B 9KCIUTyaTallnOHHOM
samtope MoMeHT paBeH 4.323kHwm (puc.6.5.). Cnoxkum wu3srubarorime
MOMEHTBI BECOBOW M JKCIUTyaTallMOHHOM SMI0Op B KpPaWHEM IMPaBOM
CCUCHUH:

MIGE, + MJIS* = 4.323kHM + 1.454KHM = 5.777kHM

Kaxk BHUIHO, MOMCHT B npaBoﬁ 3aJCJIKC MCHBIIC, YCM B JICBOM. 3HAUMUT
OITaCHOC CCUCHUC pacCliojiaracTtcs B HpaBOﬁ 3aJCIIKE.
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Pacuer 0aJ1IKM ¢ HCITOJIL30BaHHEM
nporpamMmmMHoro komiuiekca ANSYS WORKBENCH
YACTbH 2
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7. IOCTAHOBKA 3AJTIAYH

Hepaspe3nast MHoromposieTHass Oanka JBYTaBpPOBOIO CEUYEHHUS MCIBITHIBAET
HArpy3ky OT COOCTBEHHOIO BeCa M BHEIIHIOI SKCIUTyaTallMOHHYIO Harpysky,
paBHOMEPHO-pacTpeACICHHYIO 110 YaCTH OOIICH JUTUHBI.

B kauectBe IMpuMEpa BO3bMEM 6aJ'IKy CO CIICAYIOMHUMHA XapaKTCPUCTUKAMMU:

OcoOeHHOCTh pAacyeTHOW MOJETH 3aKIYaeTcs B TOM, YTO CTEHKHM U TOJKa
JIBYTaBPOBOM Oanku OyayT MpeACTaBICHBI B BUJIE 000JIOUEK.

Tabmauna 7.1. Ucxonabie 1aHHBIE

a 5

b 5

c 10
Mapka ctanu BCr3kn2
Ne nByTtaBpa 18

Puc. 7.1.
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8. CO3JJAHUE KOHEYUHO-3JIEMEHTHOM MO/JEJIHA

8.1. Co3nanue reoMmeTpuvecKkoi Mojiesin 0aJIKu
OTKpBIB MPOrpaMMy, MOJIb30BATENIb YBUAUT OCHOBHOE OKHO mporpammbl. CriepBa
HY)KHO rneperamiuTb Moayibs Mechanical Model B ocHOBHOE OKHO HpOrpaMMmbl
(puc.8.1.1.). Knukaem npasoit kHonkod Mbimu ([IKM) Ha Moxyns Geometry u
BeiOupaem New DesignModeler Geometry (puc.8.1.2.).

B manual. Part2 - Workbench - =] X
File View Tools  Units Extensions Jobs  Help
CHBe

1) ||| ||| /[H Profec

glimport... ‘ “9Reconnect [Z] Refresh Project 7 Update Project | B ACT Start Page
o Ul Project Schematic

W SteUCALUUSLS

@ Static Structural

@ Static Structural (ABAQUS)
A Static Structural (Samcef)
9 steady-State Thermal

) steady-State Thermal (ABAC Create standalone system
9 steady-State Thermal (Sam
[ Structural Optimization
Thermal-Electric

[ Transient Structural

& Transient Structural (ABAQL
& Transient Structural (Samce
R Transient Thermal

R Transient Thermal (ABAQUE
™ Transient Thermal (Samcef)

B Component Systems ]

&® ACP(Post) Properties: No data >~ 3 x
d-‘) ACP (Pre) ‘ A B

Autodyn

& EngineeringDats [ 1 [ eroperty | Value |

@& odtemal Datz

@ oxternal Model

@ Geometry

B Granta MI

B Granta Selector
Injection Molding Data
% Material Designer

[ Mechanical APDL

[@ iechanical Miodal ]

@ Mes
Kl Microsoft OfficeExcel

¥ View All / Customize....

& Ready ¥ 30b Monitor.... | G No DPS Connection | (| Show Progress | .% Show 0 Messages
B8 menual. Part2 - Workbench - g X
Fle Vew Tools Units Extensions Jobs Help
B e

D|S]@]&] /T eroee

@) Import... ‘ <9 Reconnect [2) Refresh Project  Update Project | BB ACT Start Page

[T

Static Structural

Static Structural (ABAQUS) =

3 Static Structural (Sameef)

) steady-State Thermal 2

Y Steady-State Thermal (aBAC 2
3
4

¥ EngineeringData v

4
Ei Geometry )
L

) steady-State Thermal (Sami

% Structural Optimization P Model B new SpaceClaim Geometry...

(@2 Transient Structural Mscanical a D"m ol Seoneny .
[ Transient Structural (ABAQL ekl

E& Trensient Structural (Samce 53 Duplicate

[} Transient Thermal Transfer Data From New >
R Transient Thermal (ABAQUS T DT e ¢

R Transient Thermal (Samcef)

E) Component Systems 7 Update

& Ace(Post) Update Upstream Components

o ACP(Pre) 3] Refresh

Autodyn
Engineering Data

; Extemal Data Rename

@ Bxternal Model Properties

Reset

1

2

3 Component ID
4 Directory Name
5

5

7

8

@ Geometry

B Granta M1

B Granta Selector

@ Injection Molding Data
@ Material Designer

B Mechanical APDL

@ Mechanical Model

@ Mesh

Kl Microsoft OfficeExcel % Solid Bodies

e | Surface Bodies v

T View Al / Customize... < >

& Double-dick component to edit. 1% 3ob Monitor...  EZINo DPS Connection | - Show Progress | % Show 0 Messages

Puc.8.1.2.

Quick Help
Add Note

Update Condition Parameter (B¢

Korna otkpoercs oxkHo Design Modeler, BbiOepeM 3a eIWHUIBI H3MEPEHHUS
MustuMeTpel: Units —Millimeter (puc.8.1.3.).
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[E A: Mechanical Model - DesignModeler - o X
File Create Concept Tools | Units View Help

[ @[ @[] DUy et

W n- A. A. A. Centimeter

DRA v Ee|SQRQFQ AR (@ 2

XYPlane -

fe=— = | Micrometer

| ®Point E)C ook
line Inch

/8l A ical Model
g3 XYPlane Large Model Support
-y DXPlane [ e
3 VZPlane e

/& 0Parts, 0 Bodies

Model Tolerance

Sketching Modeling |

0,000 15.000 30,000 (m) z')\ X
— — =|

7.500 22,500

Model View | Print Preview

'@ Ready No Selection [Meter Degree o b 4,

Puc.8.1.3.

BriGepem oHy M3 TIIOCKOCTEH JEKapTOBOM CHCTEMBI KOOPAWHAT, Hampumep, XY
HakuMaeM KHOMKy Sketch 2 — rtemeph y Hac BBIOpaH 3CKH3 JJIA PHUCOBAHMUS;
HaxxumaeM Ha Look At Face/Plane/Sketch, 4To0b1 cMOTpeTh IEPIICHAUKYIIPHO HA
IJIOCKOCTh BBIOpaHHOTO 3cku3a (puc.8.1.4).

[ A: Mechanical Model - DesignModeler

File Create Concept Tools Units View Help e

laHE @] Due Gred [[sdec[y b MBRB v [ X8 [|[S¢-QAAQEAQ @ X 8+ [6 | @
W W- £ [ £ fe Ao A 7 =
X¥Plane - ;Mlsmgm ~4||J  Generate @9 ore Topoiooy [FParameters || WExtrude gloRevoive QoSweep @ Skinvloft || WMThin/Surtore @ Blend v & Chamfer @ Sice
@ Point B Conversion
1 Ansys

g5 DXPlane 2021 R2

~ybn YZPlane
/& 0Parts, 0 Bodies

Sketching Modeling

2 2
=I| Details of Sketch1 H "-,‘.

Sketch Sketch1 .,

Sketch Visibility Show Sketch i ‘e

Show Cq i No :

Y
0000 15,000 30,000 (m) ZA/I\ %
— — ]

7.500 22,500

Model View Flinthviml
& Ready 11 Plane Meter Degree o

Puc.8.1.4.

0o

Baskno! OGonoueunasi AByTaBpoBasi Oajika CTPOUTCS U3 TPEX ABYMEPHBIX TEI, JJIS
Ka)KJIOTO U3 KOTOPBIX co3aercs cBoi acku3 (Sketch).
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ITepexonqum B Sketching — Line. Pucyem nuHHMIO BEpTHKalIbHO BIOJIbE OCH Y
(puc.8.1.5). Ykaxewm pasmep nunuu: Dimensions — Vertical. Knukaem Ha nBe
KpallHUE TOYKHU U OTBOJMM B CTOPOHY BBIHOCKY. B oxomke DV BBoauM 3HaueHue
pasmepa, B JaHHOM citydae — 177 mm (puc.8.1.6).

B 2: Mechanical Model - DesignModeler - g X
File Creste Concept Tools Units View Help
O HBE @] Dundo Gredo [[seect[*y B [m@ W W@ (W 8|S+ QRAQAMA X [+
LA AP AP AP AT M Mol

XiPlane v 3| sketcnt v 23 || Generate @t Topolosy [EParameters || @Edrude @oRevolve @pSweep g Skin/Loft || WM /Surace @ lend v & Chamie @Sice

@ Point 5 Conversion
Sketching Toolboxes

Draw

"\ Line
& Tangent Line
& Line by 2 Tangents

> Rectangle by 3 Points
& oval

@ Circle

%A Circle by 3 Tangents
“\Arc by Tangent

¢ Arc by 3 Points

& Arc by Center
@lipse

2 Spline

D ! L)
= Detaisoftnz  |a e
Line n7 I X
Sketch Sketch1 & 0000 10.000 20.000 (m)
Length 14905 m ' B S
Angle 90°* Hj%! 5.000 15.000

Constraint Status | Well Defined

Vertical Axis Line YAxis v Model View I Print Preview
| @ Reaty [1Edge [Meter Degree b o 4
Puc.8.1.5.
[E) A: Mechanical Model - DesignModeler - o X

| File Create Concept Tools Units View Help
@@ @] Dundo G [[setect[y - (@MW [ W[ S ¢ QAQ@A O % [+ @ [
| W~ W g A A A v AT
| xtPiane v b | ket v #9 || of Generste @ hure Topolony EEParameters || @Extude glRevolve QpSweep & Skin/Loft || WM /Sutce SBlend + & Chamfer @ Sice
| ®Point 5 Conversion
Sketching Toolboxes # Graphics

Draw

Modify

Dimensions |~

& General

I3 Horizontal

R
C fce

(€ Radius

E Diameter

A Angle

#f Semi-Automatic
@ Edit

1= Move

Constraints |~
Settings

Sketching Modeling

=1/ Details of Sketch1
Sketch Sketch

Sketch Visibility | Show Sketch
Show Constraints? | No osses STRTER .

®
L — | |
lllm [tn7 H X
L 0.00 50.00 100,00 (mm)
[ e
i]ii‘. 25.00 75.00

Model View | Print Preview

| @ Vertical - Selectfirst point or 2D Edge for Vertical dimension [No Selection Millimeter Degree 0 0y

Puc.8.1.6.

Bposb 3TOM TMHUK TOCTPOUM CTEHKY. Tenepp Hy>KHO MOCTPOUTH €IIE JBE JIMHUH,
COOTBETCTBYIOIIHE MOJIKaM JByTaBpa.

JIKM: Modeling — XYPlane — New Sketch # (puc.8.1.7). B HOBOM 3cKu3e
CTPOMM TOPU3OHTAIBHYIO JIUHUIO. J[JIs1 5TOTO OT BEPXHEUW TOUKHU YK€ MOCTPOECHHOU
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JUHUHA CTPOMM BJIEBO M BIIPaBO TOPU3OHTAIbHBIC JUHUM ATUHOU 22.75 MM (mpu
IOCTPOEHHUU JI0JIKHA BCIUIBITH MOJIcKa3ka — OykBa H, 4To 03HauaeT ropu3oHTab)
(puc.8.1.8). lanee ykaspiBaeM pa3mep JuHui (puc.8.1.9.).

[B A Mechanical Model - DesignModeler - o X
File Creste Concept Tools Units View Help

JAHBE @ || Dune G [[seect[y B~ RBEB(o- [H 8|S ¢ QRAQFQ Q5 tE][+ [ |2
W M~ f fiv fv fiv fio A

X¥Plane v | sketchz MKz l] o Generate @ share Topclog, [FPaameters || WExtrude gRevolve QpSweep 4§ Skin/Loft “ W Thin/Surface @ Blend v 4 Charnfer @ Slice
e

Ansys
2021 R2
...,/ 0 Parts, 0 Bodies

Sketching | Modeiing |
= 1
= Details of Sketch2
Sketch [ sketcn2
Sketch Visibility | Show Sketch
Show Constraints? | No

w &

i

L]

x

000 50,00 100.00 (mm)
—-—
25.00 7500
| @ Ready 11 Plane

Milimeter Degree [0 [0 4
Puc.8.1.7.
B A: Mechanical Model - DesignModeler

- %
File Create Concept Tools Units View Help

AEHBE |G Otnde Giedo [[seece My T [mE DB [w- | M H[|S ¢ QRAGER R W[40 @
W W~ A fiv A A~ e A 5

v | sketen2 v ¥ || /Generste @ o Topoiony [EEParameters || BEdtrude @RRevolve @pSweep §Skin/loft || WMThr/Suace @Blend ~ & Chamfer @Sice

gtne Ansys
& Tangent Line
& Line by 2 Tangents 2021 R2
A\ Polyline

(=Polygon
[ClRectangle
{Rectangle by 3 Points
& oval

® Circle

4£ACircle by 3 Tangents
" Arc by Tangent

4 Arc by 3 Points

Sketchiny I Maodeling

0.00 35.00 70.00 (mm)
[ EEEaa— ES—
17.50 52.50

Model View | Print Preview

| @ Line-- Click, or Release, to define line

[No Selection |Millimeter Degree (559 [177.3

Puc.8.1.8.
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File Create Concept Tools Units View Help
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LAEHE |G| Duno Greio [[seect [y T- [mE MW O (Mo |[SCQARQARAQ A E 46l m

W~ W~ £ fiv A A~

4o AF

XYPlane v | Sketch2

-5

<} Generate @9 “hare Topolog,  [E5|Parameters |J RExtrude  gloRevolve @ Sweep  § Skin/Loft “ W Thin/Surface Qe Blend v 4 Chamfer @@ Slice

@Point B Conversion

R 4

Draw

Ansys

Modify

= 2021 R2

& General

[ Horizontal
[ Vertical
Length/Distance
Radius
E3Diameter

Angle
f Semi-Automatic

Constraints

Settings

Sketching ] Modeling

= Details of Sketch2 ~
Sketch Sketch2 Y
Sketch Visibility Show Sketch
Show Constraints? | No .
=| Dimensions: 2 X
E—‘: 3500 000 (mm)
[ 1Ha 2275 mm I 1
| Edges: 2 L .50 52.50
Line [tn11
Line |12 v _Model View ] Print Preview
[No Selection [Millimeter Degree 0 0,

\ @ Horizontal -- Select first point or 2D Edge for Horizontal dimension

Punc.8.1.9.

ToT e MopsAIOK AEMCTBUM, HAUNHAS OT CO3/IAHUA ICKM3a U 3aKaHYMBAsl YKa3aHUEM
pa3MepoB, IEJIAEM U JJIs1 BTOPOU TOPU30HTAIBHOW JIMHUU.

Tenepb, MOCTPOMB BCE TPHU ICKU3A, CO3MAANM OOOJIOUYEUHBIC Tela C TOMOIIBIO
UHCTpyMeHTa BblIaBiauBaHusA: Sketch — Extrude. Hacrtpoiiku B okHe DV
ycTaHaBiIuBaeM, kak Ha puc.8.1.10 (3Hauenue B crpoke Depth — 310 anuHa 6ankm).
TonmuHa nomKHA OBITH HYJIEBOW, MHa4YE OyIeT moCTpoeHo oobemHoe Temo! [Tocme
HaxxumaeM Ha Generate. J[J1s1 OCTAJIBHBIX JBYX 3CKH30B JEIAEM TO JKE.

[B) A: Mechanical Model - DesignModeler
| File Create Concept Tools Units View Help

2B |[@ || e Greto [[seect [y b RRRE ¢ | E 8|S QAAQRQ QS [+ |2

W W~ g fo fv Ao fom A 5

X¥Plane v | Sketent

@ Point B) Conversion

58 A: Mechanical Model
[y >k XYPlane
© ey Sketchl
i SketchZ
| Ly Sketchd
3 ZXPlane
s> YZPlane
- Extrudel
-8 1Part, 1Body

~ 3 |[ / Generate| @share Topology [ElParameters \| .Extmdei‘kzvalve @ Sweep @ Skin/loft || @Thin/Surface @ Blend v & Chamfer @ Slice
4 2

L
Extrude1
Sketch1
Operation 'Add Frozen
Direction Vector None (Normal)
Direction Normal
Extent Type Fixed |
~|FD1, Depth (>0) 20000 mm
As Thi Yes ” <
_ FD2, Inward Thickness (>=0) |0 mm I
FD3, Outward Thickness (>=0) |0 mm L_
Merge Topology? Yes “J’H 6 ®
|-/ Geometry Selection: 1 H X
Sketch | sketent i0.00 50.00 100.00 (mm)
o 25.00 75.00
Model View | Print Preview
[ Ready |No Selection Millimeter Degree 0 0 .

Puc.8.1.10.
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Tenepp B MecTax OynyIIMX MIAPHUPHBIX 3aKPEIUICHUN paccedeM MoJenb Oaiku
mwiockoctaMu. Knukaem Create — Body Transformation — Translate

(puc.8.1.11).

[E) A: Mechanical Model - DesignModeler - 8 X

| File

Create Concept Tools Units View Help

| 23 [ 4 NewPlane

| B @ xtrude
| xvpi 6 Revolve
| &5 s

& Skin/Loft

M @ Thin/Surface

B4

Q Fixed Radius Blend
@ Variable Radius Blend
2 Vertex Blend

< Chamfer

[ Pattern
E & Body Operation
i

@ Boolean
Slice

seeci[*y B RRER - (X e ||SCQAQLKAEA QXK W+ 6
L < =

v || Genete @ShareTopology [EParameters || BExtude gRevolve @pSweep §Skin/loft || EThin/Suface QuBlend v @ Chamfer @ Slice

¥ Gr

Ansys

2021 R2

Delete

@ Point
Sketct Primitives

=l

0 3.5e+03 7e+03 (mm)

1.75e+03 5.25e+03

Model View | Print Preview

[ @ Ready

|No Selection [Milimeter Degree 0 0/

Puc.8.1.11.

Boigensem Bcto Mozens Oanku (ctrl + A) u B oTkpeiBiieMcss okHe DV B cTpoke
Bodies ximkaem Apply. Kimkaem Ha xentyro crtpoky Directional Selection,
HaxxumaeM Ha m10ckocTh XY B okHe Tree Outline u B norom Hasxumaem Ha Apply.

B ctpoxke Distance yka3piBaeM pacCTOsIHHE, HA KOTOPOE MBI XOTHM CMECTUTD OaJIKy.

Kiukaem

Generate (puc.8.1.12).

B A: Mechanical Model - DesignModeler - o X
| File Create Concept Tools Units View Help

JOEHE &

| Dunde @iedo |[select % - RERW - | 8|S+ QAQRA QR th| 4@ [

| M- W~ o S fo fo Ao A

J X¥Plane

v 4| sketens

v 19 || 3 Genenate |

Topology (@lParameters || WREctrude gMRevolve QpSweep @ Skin/loft || WRThin/Suface

BJ/elA

v
(-3 Sketch2
Lyc® Sketch3
>k DXPlane
w3 YZPlane
- B Extrudel
-, Extrude2
- M Extruded
—/g? Translate
#-,8 3 Parts, 3 Bodies

ical Model

sion

Ansys

2021 R2

Sketching Modeling

= Details of Translate

Translate | Translate

Preserve Bodies? | No |

Bodies 3 |

Direction Definition ' Selection

Apply Cancel ’
" FD2, Distance | 5000 mm .
z'l‘ X
0 35e+03 7e.+03 (mm)
1.75e+03 5.25¢+03
Model View l Print Preview

|7 Body Operation creation -- Select direction for translation [1 Plane Degee 0 [0 4

Puc.8.1.12.
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Baxkno! CMmemnraemM Mojenb TakuM o0Opa3oMm, 4TOOBI TWIOCKOCTh XY Mepecekana
OaJIKy B MECTE MIAPHUPHOTO KPEILJICHUSI.

JNlanee xnukaem Slice (puc.8.1.11). HaxxaB nHa ctpoky Base Plane, xnmkaem Ha
mwiockocTh XY u notom — Ha Apply, notoM — Ha Generate (puc.8.1.13). Eciu, ectb

CIIC MCCTA HIAPHHUPHBIX COGI[I/IHCHPlﬁ, IMPOBOAWM aHAJIOTUYHBIC HCﬁCTBHﬂ H TaM.

[B) A Mechanical Model - DesignModeler - =] X
| File Creste Concept Tools Units View Help

JOEE @] Oundo Qedo [[sdec % - AR MB | O (M ||SPQQAQ@A QR R0 [0

| B e fe S fe A fe A

| xPlane v b | sketend v 29 || JGenerste @pShire Topology [FParameters || WExtrude #MAevolve QpSweep @ Shin/ioft || WThn/Sudace @ Blend » & Chamfer @ Sice

| ®Point ) Conversion

sl

0 3.5¢+03 Te +03 (mm)
[ Se—  SS—
1.75¢+03 525403
Model View [ Print Preview |
|5/ Slice Creation -- Select a base plane for the slice feature 1 Plane [Millmeter Degree 0 0
Puc.8.1.13.

Koraa monens 6anku pa3aeneHa Ha Heckoybko Tea (Body), coennanM Bee Tena B
onny yacth (Part). Jlns storo Beimensem Bce sneMeHThl (ctrl+JIKM) B Tree
Outline, xmukaem [IKM u Beioupaem pynkiuio From New Part (puc.8.1.14).

[ : Mechanical Model - Designiodeler - B X
| File Create Concept Tools Units View Help

ladE|@ | D Greo (st v RRRB @ |8 8|S+ QQAQEQR QR+ @ 2

LA AP APAP AP AP A Ml

| xvpiane v > | sketcns v # || /Generste @Share Topology [E|Parameters || WExtrude @foRevolve Qo Sweep § Skin/Loft |J @ Thin/Surface QBlend v & Chamfer & Slice

| @ Point B Conversion

va? Translate "

. ’ Slice2

—ym? Translate3 AnSyS
/& Slice3 ploralizvi

5,8 9Parts, 9 Bodies

od)

Q@ Hide Body (F9)
S Q Hide All Other Bodies (Ctrl+ F)
Suppress Body

Suppress Surface Bodies

+ Generate (FS)
b Rename Bodies

) 250403 56403 (mm) IA‘ =
| === ===

1.25e+03 3.75e+03

Model View | Print Preview

[ @ Ready |9 Bodies: Area = 5.36€+06 mm* Millimeter Degree [0 [0/

Puc.8.1.14.
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Teneps, Korga reomeTpuyueckass Mojenb Oalku TOTOBa, coxpaHseMm (ailm u
3akpeiBaeM okHO Design Modeler.
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8.2. Co3nanue K9-ceTku Moaeu
[Toctpoum cetky s Hamel moaenu. [IKM — Model — Edit (puc.8.2.1).

B8 manual. pert2 - Workbench
File View Tools Unts Extensions Jobs Help
wHBe
DEEE] /T =\

(=] X

| <9 Reconnect [2] Refreshproject

 Update Project | Ja ACT StartPage

Coupled Field Harmonc

Coupled Field Modal bd A
Coupled Field Staic
Coupled Field Transient EngneeringData v/
Eigenvalue Buckling T
Eigenvalue Buckling (Samce. —m 2
R oic ’
- Ro— el B ]
&) HarmonicAcousts % Dupkcate Al Analyses (Beta)
Harmoulc Resp ome Editin Read-Only Mode...
LS-DYNA
LS-DYNA Restart 23 Dupicate
0§ Modal Transfer Data From New »
@ Modal (ABAQUS) Transfer Data To New »
i Modal (NASTRAN)(Beta) R |
1 Hods!(samcef) 7 Updete | prover T 3ES
&) ModalAcoustics Update Upstream Components 2
2 :"dumw:;’"“ Clear Generated Data 1
sponse Spectum
2
@ Rigid Dynamics B Refrest B d
&) StaticAcoustics Reset r
& StaticStructural Rename 2
) Static Structural (ABAQUS) Propertes 8 L
£ SaticStructural (Sameef) . 5
) seady-state Thermal Quick Help 7 Ly
) steady-State Thermal(ABAC Add Note 8
) seady-State Thermal (Sam: 9 L
£J Sructural Optimization 10
@) hermal-Electric 11 F
R Transient Structural v 2 "
v
¥ View All / Customize... < >

@ Right-dick to update component.

Beenem TonmmHy 00070Y€YHBIX
coritacao ['OCT P 57837-2017.

P 3ob Moniter,.. | ENo DPS = IEZ |

Puc.8.2.1.

ten (puc.8.2.2). TonmuHbl ONpenestoTCs

HE- Context A: Model - {Ansys Enterprise] - & X
“ Home  Geometry | Display ~ Selection  Automation Quick Launch ~2 0
. £ +5x = Y \ |
@ sometric ~ @Previous f-Rotate +Sx {~Rotate Sx § PanUp ¥ PanDown | I Random DB ’ E X <_ T Show Vertices P4 =] Du
4G Look & @uext doRotate Sy b Rotate -Sy 4mPan Left = PanRight = = Rescale A' : Y = B Close Vertices ) =
@views  Angle 10| ORotate =5z C Rotate -5z @zoomin QzoomOut | DPreferences | P {1 T e e e maccion Burey | |20 st scale) || E99¢  BXplode Viewports  Show
Orient Annotation Style Vertex Display
Outfne “hO0X Q@ ®w@ % C-+QAAA Sl kKMo [FTRR R B EME v ® FCiposrd- [Empty] @Extend~ %
Name | Sesrch Outline |V o
[ Pros
B BB viodel (A4) Ansys
£ Geomcty. 2021 R2
o B Surface Body
- B Surface Body
v By Surface Body
/1 Surface Body
-/ B Surface Body
- B Surface Body

¥
Details of “Surface Body" A
0 356403 76403 (mm) z X
1.75e+03 5.250+03 :
[ No
D (Beta) 2 Graphics ~rox
Dimension 3 Type Value Note Unit  |Location X Location Y Location Z Association
Model Type Shell
tiffness Behavior Flexible

Stiffness Option Membrane and Bending

Coordinate System | Default Coordinate System
Reference Temperature | By Environment

Thickness Mode Manual

Offset Type Middle

Traatment MNane bt

Details Section Planes

Selection Information = Graphics Annotations

Puc.8.2.2.

Kimmkaem Ha Mesh. B ctpoke Element Size BBoguM pa3mep KOHEUHBIX 3JIEMEHTOB
— 25MM, 3atem kirkaeM Ha Generate (puc.8.2.3.). 3akpeiBaeMm Moy Model.
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Outline v3oOx
v
B3k Coordnate Systems
onnections
v 40Ox
Display Style Use Geometry Setting

i= Defaults
Physics Preference Mechanical

Element Order Program Controlled |
I :m 25

# Suing
* Quality

# Inflation

+ Batch Connections
# Advanced

i+ Statistics

Puc.8.2.3.
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9. TIOCTAHOBKA 'PAHUYHBIX YCJOBUI

9.1. YciioBus 3aKkpensieHust

Vaepxusas JIKM, nepenecem B okomko Model monyns Static Structural, on
noacoequHutcs kK Mmoaysito Mechanical Model (puc.9.1.1.). OtkpsiBaeM MOIyJib
Setup (aBOitHBIM HIETUKOM/HaxaB edit) (puc.9.1.2.).

Oo6parute Bammanue! [Ipu mepeHoce momysns Static Structural y Bac momkabI
MOSIBUTHCS KPACHBIE pAMKH BOKPYT BcexX Tpex ciioToB Moay it Mechanical Model.

OOpatute BHUMaHuE enle pa3! Bbl Moxkere ynaiauTh JI00YI0 U3 CBsi3ei (CHHME
“mpoBoja” — puc. 9.1.2.), naxxas no Het [IKM u BsiOpaB Delete.

B8 menual. Part2 - Workbench - & x
Fle Vew Toos Unts Extensons Jobs Help

BB

Rl S Project

dlimport... | “pReconnect [) Refresh Project # Update Project | B ACT Start Page

Toolbo: JCREY Project schematic R X rax
] leq Frela stanc .. | —— |
feld Transient H H

e Buckling

A

igenvalue Buckling (Samce {1 © Ty
@) Electric il
1 BxplicitDyramics { 1B @ EngreerngData v | Share A2:A4
&) HermonicAcoustics i} 3|2 ceometry v
Hamonic Response I Y i
Ll

LSDYNA
= Mechanical Mode

¥ LSDYNARestat

@ Modal

@ Modal (ABAQUS)

@ Modal (NASTRAN)(Beta)
) Modal (samcef)

&) Modal Acoustics

fify Random Vibraton

filj Response Spectum | Proer I3

& Rigid Dynamics

,,,,,,,,,,,,,,,,,,,,,,,

) Steady-State Thermal

) steady-State Thermal (2BAC

) steady-State Thermal (Same

3 Structural Optimization

Thermal-Electric

& Transient Structural

2 Trensient Structural (ABAQL
amce

< >

& Ready P28 30b Monitor... | ) No DPS Connection | i Show Progress % Show 0 Messages

Puc.9.1.1.

B manual. Part2 - Workbench - 8 X
File  View Tools Units Extensions Jobs Hep

WHB
i A X Project
@)import... | <5 Recomect [£) RefreshProject  Update Project | §E ACT Start Page

o x o 3 x

- A = "
+ . Er—
2 Y 2 @ v
3 | [B Geomety Vet 3 [ Geometry 7
@Y HamonicResponse 4 @ wodel 7 e =
LS-DYNA
g LS-DYNA Restart 15-nogem, B I., Setup ;,,j'!,,l

= Edit...

@ on @ s S
) Modal (BAQUS) 7 @ Reaits ] ead-Only Mode.

@l Modal (NASTRAN)(Beta)

Toeiwasii paci{ Iy Duplicate:
) Modal (Samcef)
odal

Transfer Data From New >

Transfer Data To New

/ Update

Update Upstream Components
Ciar Generated Data

[2) Refresh
Reset

|EJ Rename

Propertes

Quick Help

Add Note

& Right-click to update component. ¥ 30b Monitor... N0 DPS Comection | (- Show Progress

Puc.9.1.2.
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3ajaauM rpaHUYHBIE YCIIOBUA. Y CTAHOBUM JKECTKYIO 3anenky: IIKM knukaem Ha
Static Structural — Insert — Fixed Support. UtoOs! mosiBIIIach BO3MOKHOCTh
BBEIOMpATH pedpa y Haimel MOJAeNd, UCnoyib3yiTe couetanue kiaBum Ctrl+E mm
Haxmute kHonky Edge (puc.9.1.3.). Beinenus pedpa, Haxkmute Apply.

HE- Context B: Nneiieiii pacuer - Mechanical [Ansys Mechanical Enterprise] - a8 X
Home  Environment  Display  Selection  Automation Quick Launch ~2D 0
= i B & 7 1 i
@ isometric ~ @Previous -Rotate -Sx {~Rotate Sx § PanUp ¥ PanDown = IRandom [ D?H = E e H Show Vertices | ¢ m | O0
$Glookat  Quest  dRotate <Sy chRotate Sy 4mPanleft =»PanRight = Rescale i B Close Vertices =

i i R € Py i
@views  Angle 10| CRotate -5z O Rotate Sz @ zoomin QZzoomOut | Dpreferences | PV Fhow Thidkinels Crass el P QR | 20 jauto scale)
Orient

Edge Explode Viewports Show
Annotation Style Vertex " - - Display

Outline v30Ox

Name «|Search Qutline |~ o

QQ @@ % -4 QA Q@& Sdct %Mo~ [fT|RIB|D @ @ W ® '+ P & [Cipboard- [Empty] @Extend~ 9 SelectBy~ 3

Project*
B o Ansys
[,/ Geometry 2021 R2

/{8 Materials

[ 3K Coordinate Systems
/&) Connections
/@ Mesh

B9 Static Structural (85)

Details of *Fixed Support” ~80OX
=1 Scope

Scoping Method | Geometry Selection

Geometry 6 Edges
i=/| Definition

1D (Beta) 52

Type Fixed Support

Suppressed  |No 0.00 5000 100,00 (mm)

25.00 75.00
Graph 2 ” ~1ox

Details | Section Planes Selection Information Graphics Annotations Tabular Data  Graph

Pnc.9.1.3.

[TapuupHble omopsl: Static Structural — Insert — Remote Displacement.
I'eomerpust nns mapHupoB — pebpa. Hactpoiiku B okHe Details of “Remote
Displacement” momkHO OBITH TakuM, Kak Ha puc.9.1.4. OOpaTuTe BHUMaHHE Ha
HaIpaBJICHUS OCcei cucTeMbl koopauHat! Beinenus pedpa, Haxxmute Ha Apply.

- B+ Context B Innennsili pacuet - Mechanical [Ansys Mechanical Enterprise] - 5 X
_ Home Environment Display Selection Automation Quick Launch ~D
Isometric ~ @ Previous f-Rotate «Sx {~Rotate-sx ¥ PanUp ¥ PanDown = MlRandom O i T Show Vertices
v = 3 # @
#Glookat  @Quext  bRotate +Sy cbRotate Sy 4mPanLeft = PanRight | Rescale ;2] i B Close Vertices =
@Views  Angle[10 | ORotate 5z O Rotate sz @ ZoomIn QZoomout | Dreferences | DoPIY Fo ThcAhels o R o Sene | 20 (Auto scale) ElE | Bolode: Yiamorks. She
Orient Annotation style Vertex Display

«

QQ BW|& % C-4 Q@ Q@ Sdect KMode- T R[E]R B E W& '+ ™ & [ Cipbosrd~ [Empty] @ Extend~

Name = | Search Outline |V
s+ Coordnate Systems ~
|8} Connections
5911 Static Structural (85)

<H] Analysis Settings

" 2 Soluton Information =
Details of "Remote Displacement” ~aoOx
5ismpe i e
Scoping Method | Geometry Selection e

Geometry 2 Edges
Coordinate System  Global Coordinate System
X Coordinate 0. mm
Y Coordinate 0. mm

_ ZCoordinate | -2500. mm v
Location  Click to Change
1D (Beta) 156
Type i 7.
_ X Component | 0.mm (ramped) Q 3.5e+03 7e+03 (mm) X
1
Y Component 0. mm (ramped) 1.75e+03 5.256+03
Z Component Free
Rotation X Free
+ Graph ~*hOXx
_ RotationY |0.° (ramped) # % .
Rotation Z 10.° (ramped) .
Suppressed No 1
Behavior Deformable
) Advanced

Details | Section Planes Selection Information  Graphics Annotations Tabular Data  Graph

Puc.9.1.4.
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9.2. BHenHee HATPYKeHHE

Buemnue cunosoe Bosaericteue: Static Structural — Insert — Force/Pressure.
[Tomuaute, uyto y cunbl (Force) u maBnenus (Pressure) pasHbie eIWHUIIBI
u3MepeHus. Cuiia npecTaBisieTcs B BUJIe BEKTopa ¢ komnoHeHTol. (Component).

Hactpoiika mapamerpoB cuioBoii ¢yHkiuu (B ganHoMm npumepe - Force)
npeacTaBiieHa Ha puc.9.2.1.

[ MER Context B: pacuer - {Ansys - & X
n Home  Environment | Display = Selection  Automation Quick Launch ~AQ O

@ sometric ~ @previous £-Rotate +Sx {-Rotate-Sx § PanUp ¥ PanDown | BlRandom v D?ﬂ = g >;<H H Show Vertices | ¢ | g

dGtook st Qe oRotate Sy cbRotate Sy “mPan Left = PanRight = Rescale i [ Close Vertices

i Remote Point DI i
& views Angle 10 | CRotate <5z & Rotate 5z @ Zoom In @ Zoom Out | T Preferences D"f“’ Shomy Thick iehl Cioks Semots foint ‘;‘.;{’,'EV 20 (Auto Scale) Edvg' Expi”' Yieepery Shfw
Orient Annotation Style Vertex Display
Outline -+ : v40x  QQ Bu|@ % C-+QAQQ sdt KMde- TR RE]@E M@ ® v P D Fcipboard- [Empty] DEtend- T

Name w | Search Outline |V
/@ Geometry ~
/(8 Materials
/3 Coordinate Systems
++f8) Connections

2
=/ Static Structural (85)
i /[H] Analysis Settings

] v
Details of "Force" ’ ' viOox
= Scope
Scoping Method | Geometry Selection
Geometry |1 Face
|= Definition
1D (Beta) 59
Type Force i
Define By Components
Applied By Surface Effect
Coordinate System | Global Coordinate System
_|XComponent |0.N (ramped) 0,00_%&00_%?.00 fmm). 2 %
[Jyc -50000 N (ramped) 250.00 750.00
ZComponent | 0.N (ramped)
Suppressed No | Graph vhOx
1.
0.
1

Details = Section Planes Selection Information  Graphics Annotations Tabular Data  Graph

8% NoMessages  No Selection 4 Metric (mm, kg, N, s, mV, mA) Degrees rad/s Celsius

Puc.9.2.1.
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10. PACYET U BU3YAJIM3ALUS PE3YJIBTATOB

Hactpoum smropy, KoTopas HaM Hy’>KHa JIUTsL TalTbHEHIIIeTo pemeHus] — HOpMaTbHBIX
HaIpspKeHU BA0Jb npoaoiabHoil ocu. [IKM knukaem Ha Solution — Insert —
Stress — Normal. B oxne Details of “Normal Stress” B ctpoke Orientation
BEIOMpaeM MPOI0IBHYIO Oanke ock. B manHoM cirydae — och Z (puc.10.1.).

H O Context B: /IMeNHbIA pacuer - jcat {Ansys - 8 X
“ Home Solution Display Selection Automation Quick Launch A3

@ isometric ~ @ Previous £-Rotate «Sx {-Rotate -Sx § PanUp ¥ PanDown | Bl Random v Dé ’ g

4G Look At @ Next Rotate +Sy b Rotate -Sy 4mPanlLeft = PanRight | = Rescale

I Show Vettices | ¢ =] g

1E Close Vertices

! Thick Shell Remote Po lode Vi h
@views  Angle 10 | CRotate -5z & Rotate 5z @ ZoomIn QZoomOut | Dreferences | DU oW Thide Shells Crose Remote fomt DBy | o0 jaueo scate Fage ] Explode! Viewports) Show,
Orient Annotation Style Dlsolay

@ Q OS] % O QA QA s Khioier FEDEWEE B P E Hcipowt- (Empyl DEent-

Name Search Outline |V o
] Project
Model(u, 84)
T Geometry
B Materials
3k Coordinate Systems
«{® Connections
/@ Mesh
= Static Structural (B5)
1/ HH Analysis Settings
/@ Fixed Support
i+ /@, Remote Displacement -
/@ Force
& /& Solution (86)
£{5) Solution Information

-E-E-E

Details of "Normal Stress" v+ lox
=/ Scope i~
Scoping Method Geometry Selection .
Geometry All Bodies
Layer Entire Section
| Position Top/Bottom
=] ition 7 X

0 Se+03 Te+04 (mm)
]

Normal Stress
Orientation Zas 7] 256503 75¢+03

By Time
| Display Time Last Graph v aOx

Coordinate System | Global Coordinate System
| Calculate Time History | Ye:
Identifier r i
Suppressed No o .
] ion Point Results v
Details | Section Planes Selection Information Graphics Annotations Tabular Data | Graph

Puc.10.1.

No Selection 4 Metric (mm, kg, N, 5, mV, mA) Degrees

Nuannmanuzupyem pacuer. Kimnkaem I[TIKM Static Structural — Solve.

"SR Context B: /luHeiinsii pacuer - Mechanical [Ansys Mechanical Enterprise] - & X
“ Home | Result  Display  Selection  Automation ulck Launch ~2 0
I 5 g ection B Commands (8)images~ 1.0 (True Scale) " @ = .‘ BProbe v Snap | = = B
System CJComment [HSection Plane | Scoped Bodies - Maxlmum
I Al i
Dipeate Q Soe | At g g int L Chart B Annotation | v/ Large Vertex Contours CtOMetY Contours Edges o ssanped | | Views
Outline Solvery Insert Dlsplay

it vaox QA Bw|® % [Cl+a @@ s ®Mde- TEEREREEBBE P B Hcipoard- [Empty] | & Extend-
Name ~ | Search Outline
{. Project®
5 Model (a4, B4)
@@ Geometry
¢@ Materials
3K Coordinate Systems
&) Connections
@ Mesh
=] «ﬂ Static Structural (BS)
Il Analysis Settings

2021 R2

(RGO

] /@ Solution (B6)
-5 Solution Information
-/ Normal Stress

Details of "Normal Stress” +3Ox
Scope ~
Scoping Method Geometry Selection
Geometry Al Bodies
Layer Entire Section
Position Top/Bottom
[=| Definition
Type Normal Stress
Orientation 7 Axis
B e 0.00 100.00 200,00 (mm)
_ Display Time Last 50.00 150,00
Coordinate System | Global Coordinate System
Calculate Time History |Yes | [Graph crox
;::’:;m NG Animation | PE] IL".J. 20 Frames v|2Sec(Auto) ~||BH @ HE S B B | 3Ccles [SAL
v
B Sy ey
Details  Section Planes Selection Information Graphics Annotations Messages Tabular Data | Graph

No Selection 4 Metric (mm, kg, N, 5, mV, mA) Degrees rad/s

Puc.10.2. O6Beau B pamouKky

ITocne ycnenHoro OKOHYaHUs pacyeTa HaCTPOUM JIopy. UToOBI clienarh CeTKy Ha
smrope HepuauMmon HaxxkmeM JIKM Result — Edges — No WareFrame. B Tom xe
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okHe JIKM Result — Maximum/Minimum, 49ToOBI BBIIECTUTH MAKCUMyM U
MUHUMYM HampspkeHui. CieBa OT OKHa T€OMETpUU JlaH pa30poc HampsDKEHUH,
pacrpeneneHHbIX B 00beme 6anku (puc.10.2.).

JlunelHblil pacyeT 3aBepiiieH. 3akpbiBaeM 0kHO Mechanical.
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11. HEJIUHEWHBIN PACUYET

Tenepb HaCTPOUM I'COMCTPHUICCKH U (1)I/ISI/I‘I€CKI/I HEJIMHEWHBIE PaCUCTHhI. I[JI&I 9TOI'O
3aKpOEM OKHO C JIMHEHHBIM pacdeToM. Co3aaaum 1Ba MO sl HOBBIX PACUETOB,
KaK 3TO moka3zaHo Ha puc.l11.1.

OOpartuTe BHUMaHKE HA CBS3U!

Basxkno! ['eomerpuueckun HenuHEHHBIM pacuer cBs3aH ¢ KO-momensto (Mesh)
JUHEHHOTO pacuera, a (QU3NYECKH HEIWHEHHBI — TOJNBKO C TeoMEeTpHel
(Geometry) MTMHEMHOTO pacuera.

B8 manual. Part2 - Workbench - X
File View Tools Units Extensions Jobs Help
BB e

== i

@] import... ‘ &9 Rec BB ACT StartPage

# Update Project

natic v R x v R x
B Analysis Systems 1
(&) Coupled Field Harmoric
(B Coupled Field Modal v A & 5 v C
(@ Coupled Field Static B8~ Mechanical Model B 7 staticStructural B8 7 staticstructural
(8 Coupled Field Transiert 2 @ Bt ' 2 | @ Engneeri 2 2@ A,
£} EigenvalueBuckling 3| B Geometry T 3 |[B Geometry v ,——=3|[B Geometry o
#) Eigenvalue Buckling(Samce
4 @ Model v ———m 4§ Model Vo84 @ Model v
() Electric “ “ “
i Exlictdynamic K3-monens 5 @ setp v 4 5 @ sewp &,
) HarmonicAcoustis 6§ Soluton v o 6§ Solution ¥
::?;;::Resuem 7| @ Results v 4 7 @ Results B
) LSDOYNARestar el pacser TeoMeTpIECKM HenMelivIi paCueT
@ Modal
@l Modal (ABAQUS)
il Modal (NASTRAN)(Beta)
{ll§ Modal (Samcef) v D | Proper ST
) Modal Acoustis i 7 Static Structural | A
ity ';"‘“"'“"‘:““"" 2 | @ engneeringData v 1| Proper
- BN
| [oieniig S W ceomery v
igid Dynamics
3
& SteticAcoustics 4@ Model &,
@ static Structural 5 @ setwp Ty
Static Structural (ABAQUS) 6 | Solution ? .
@ static Structural (Samcef) 7|@ Resuts ? .
) steady-state Thermal
) Steady-State Thermal (ABAC Dusiecki HenHelnbI paceT
) steady-State Thermal (Sami
[ Structural Optimization
(@) Thermal-Electric
@ Transient Structural v
[ T View All/ Customize, .. < >
& Ready 7 Job Monitor... | G No DPS Connection | (| Show Progress | %1 Show 0 Messages

Puc.11.1.

JAns reoMeTrpHYecKHM HEJHMHEHOr0 pacyeTa HacTpoilka Moayns Setup
MPOBOJIUTCS. TOYHO TaK K€, KaK W i1 JIMHEHMHOrO pacdera, HO 3a OJHUM
uckiroueHueM: B okHe Analysis Settings nanpotuB crpoku Large Deflection
craBuM ranouky On (puc.11.2.).

Name
+@ Fixed Support "
/@, Remote Displacement
/@ Force
=& Solution (B6)
5] Solution Information
% Normal Stress
Static Structural 2 (C5)
Miif] Analysis Settings
(=70 Solution (C6)
/5] Solution Information
Details of "Analysis Settings" ~8oOx
=|step Controls
Number Of Steps | 1.
Current Step Number | 1.
Step End Time 1s
Auto Time Stepping | Program Controlied

=i Solver Controls.
Soiver Type Program Controlled
Weak Springs off

Solver Pivot Checking | Program Controlled
Inertia Relief off
Quasi-Static Solution | Off

| Rotordynamics Controls

| Restart Controls

| Nonlinear Controls

| Advanced

+| Output Controls

| Analysis Data Management

Details | Section Planes

Puc.11.2
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Jlist pu3nyecKu HeJTUHEHHOT0 pacuyeTa HEOOX0IMMO 3a7aTh MOJIENTh MaTepraa.

st aToro B moayne Static Structural (Ha puc. 11.1. «Pusnueckn HeTUMHEHHBIN
pacuer») otkpeiBaeM Engineering Data. JIKM neperackuBaem Multilinear
Isotropic Hardening B okHo Property (puc.11.3.).

B8 manual. Part2 - Workbench o
Fle View Tools Units Extensions Jobs Help

=]
X

TEx

¥ 8 x

94 Bilinear Isotropic Hardening
T3 Nonlinear Isotropic Hardening Power La rer————
$4 Nonlinear Isotropic Hardening Voce Law. 8 o stress comes from 1998
A silinearKinematic Hardening # 9 ASME BPV Code, Section 8,
©3 Multilinear Kinematic Hardening DV 2, Toble 5-110.1
§A chaboche Kinematic Hardening =
|2 custom Material Models |
3 Create CustomModel.. Propertes of Qutine Row 3 Structural Steel i v ax
A ] c D ‘ = e
1 Property Value unit (53|
5 4 Material Field Variables [ Table < >
T 9 [aws SAH Tex
I n
5 @ G Teertof Thermal 1205 |1 3 B
6 |E %7 IsotropicHlasticity (@]
7 Derive from Young... x|
8 Young's Modulus 2E+11 Pa - [=]
9 Poisson's Ratio 0.3 a
10 Buk Modulus 1.6667E+11 | Pa =]
1 Shear Modulus 7.6923E+10 | Pa a
12 |8 $F staindife Parameters [=]
13 Display Curve Type stan... |
14 Strength Coefficient 9.26408 Pa - B
15 Strength Exponent -0.106 ]
16 Ductility Coefficient 0.213 (=]
(r Vew Al Qustomize... | |47 Ductiity Exponent (047 @l
@ Double~click component to edit. J Job Monitor.... | ) No DPS Connection ||/Show Progress | 0Show 0 Messages

Puc.11.3.

Jlanee HyxHO OynmeT 3a1aTh B TAaOJMYHOM BHUJE OWIMHEHHYIO MOJENIb KpPHUBOU
nedopmupoanus. [Ipumep HacTpoliku noka3aH Ha puc.11.4.

File Edit View Tools Units Extensions Jobs Help
BEZw
U)||F | |8 [ project / @ D2:EngineeringData X

¥ Fiter Engineering Data [ Engineering Data Sources

RAEIER Table of Properties Row 12: -2 x
E 2 A 8 te;
T multilinearIs 1 © & 1 | Plastic Strain (nmmm~-1) * | Stress (MPa) ¥
Sl
PR E) 2 |o 1
Fatigue Data at zero mean B 3 | 0002 200
1 stress comes from 1998 ASME
& ' | # ' BPV Code, Section 8, Div 2, 4 17 450
Table 5-110.1 =
1
3 A pensity 7850 kgm~3  #|[F ]
Isotropic Secant Coefficent of
4 |2 W Thermal Expansion
Chart of Properties Row 12: Muitiinear Isotropic Hardening ' 2 x

5 4 Coefficent of Thermal Expansion 1.26-05 cr1 ~ [&]
6 |2 A IsotropicHastity =] Temperature 20 [C
7 Derive from Young's... x| [ —
8 Young's Modulus 2E+11 Pa - ]
9 Poisson's Ratio 0.3 ]
1) Bulk Modulus LE66TE+HL | Pa (=] 5
1 Shear Moduius 7.6923+10 | Pa [&] &
12 |2 §A multiinear Isotropic Hardening [ Tabular A 8 200
13 Scale 1 | =] 3
14 Offset o | 'wpa =]

= 100
15 @ $A straindife Parameters B
1 Display Curve Type stainiife | [
17 Strength Coefficent 9.26408 Pa =] o;
18 Strength Exponent -0.106 =] [ 5 10 15
19 Ductility Coefficent 0.213 B Plastic Strain [mm mm~-1]
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OcTtanbHble HACTPOMKH peliaTess T€ K€, KaK U B IMHEWHOM pacyeTe.
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Tenepp ocTasicss MOCAEOHUN BHUJ pacueTa — pEUICHUE OJHOBPEMEHHO U B
dbusznyecku, 1 B TEOMETPUUYECKN HETMHEHHON MOCTaHOBKe 3amauu. [lemaercs 3To
npocto. K wMomymo yxke wumeromencs ¢GU3MYECKH HEIWHEHHOW 3amadyu
MoJICOeIMHSIEM HOBBIN Monyib Static Structural (sa puc. 11.5. «®Pusudeckas u
reoMeTpuyecKkas HEIMHEHMHOCTb»). (OOparhuTe BHUMAaHHME Ha CBSI3U MEXIY
Moayssimu (puc.11.5.); 3axonum B HOBOM Mojtyie («Pusnueckast U reoMeTpruiecKas
HeJIMHEHHOCTh») B Setup u B okHe Analysis Settings nanmpotus cpoku Large
Deflections ycranaBnmBaeM (nakok B mosokeHne On — 53TO aKTUBHPYET
FEOMETPUYECKYI0 HEIMHEUMHOCTh, a CBsi3b Mexay Engineering Data mopyieit
«Pu3nyecKas HEIMHEMHOCThY U «Pu3ndeckass 1 reOMETPUYECKass HETMHEMHOCThY
aKTUBHUPYET yueT (U3HUEeCKOM HETMHEHHOCTH.
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[Tocnie mpoBeaeHNs BCEX BBIMIEIIEPEUUCICHHBIX HACTPOEK MOXKHO 3aITyCKaTh
pacuet. Busyanusauus NoIy4eHHOTO PELICHUS IPOBOAUTCS TAK KeE, KaK U B
JIMHEHHOM pacuerTe.
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