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eab 1ad00paTopHOii padoThI
Hayuutbcs CTPOUTH aMILTUTYIHO-4YaCTOTHBIE XapaKTepUCTUKU
MUKPOMEXAaHUYECKUX MHEPIUATBLHBIX CEHCOPOB C MOMOIIbIO METO/1a KOHEUHBIX JJIEMEHTOB,

a TaK)KC OIIPCACIIATL UX UYBCTBUTCIbHOCTD.

BBenenue
B nmaGoparopnoit paGore OyIaeT paccMaTpuBaThCS — OJHOKOMIIOHEHTHBIN

MUKpoMmexaHudeckuil rupockon (MMI') LL-Tuna, npeactaBieHHbIi Ha pucyHke 1.

Z J 4

Pucynoxk 1 — 3D-monens onnokommnoneHTHOro MMI LL-tuna

WNunepunonnas macca (MIM) 1 ¢ momomipio ynpyrux MOJABECOB KPEMUTCS K
HEMOJABMKHOMY OCHOBaHHUIO. [lepBuuHble KoJieOaHUs CO3MAlOTCS  TIpeOeHYaThIMU
ctpykrypamu (I'C) 2 Bgons ocu Y. [Ipy BOSHUKHOBEHUHU YTIOBOM CKOPOCTH @ BOKPYT OCH
Z Bo3Hukaet cuia Kopuomnuca, kotopas 3acrapisieT nepemeniatebes UM 1 Baonbs ocu X npu
ATOM M3MEHSETCSI EMKOCTh 4UyBCTBUTENBHBIX ['C 4.

CobctBennble popmbl kosebanuit MMI™ npencraBieHbl Ha pUCYHKE 2.



a) IlepBuunbie KoeOaHUs 0) Bropuunsie konebanus

BIIOJIb ocu Y BJI0JIb ocH X

Pucynok 2 — Co6ctBennsie ¢popMbl konedbannii MMIT

Xox padoThI.

1°. 3anycture nmporpammy Ansys Workbench 2020 R2. Eciu Bel Haxomurech B
y4eOHOM KJlacce, TO TOTJIa 3aIyCTUTe IporpamMmy ¢ kommbioTepa. Ecau Bber paGotaere
yAAIEHHO, TO 3aIyCK MPOrpaMMbl OCYIIECTBIISIETCS yepe3 Vap.tpu.ru. 3uavqok Jyis 3amycka
nporpammel HaxoauTcs B manke CAE. Y Bac MoxeT He ObITh TOCTYIIa K OHJIAHH 3aITyCKy
nporpammbl ANSY'S Workbench.

2°. Tlocne 3amycka nporpaMMbl oTKpoeTcst okHo rporpammel ANSYS Workbench,

PUCYHOK 3.
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Pucynok 3 — I'maBaoe okxHo nporpammbl ANSY'S Workbench



[Ton umdppoit 1 B rmaBHOM okHe pacmojaraercs 100lbox. B asrtom wmecrte
IIPEJICTaBICHBI OCHOBHBIE M BCIIOMOTaTENIbHbIE MOYJIN /JIsl IPOBEACHUS PA3IUYHBIX TUIIOB
anamu3a. [Tox mudpoit 2 0603HaYeHO IITaBHOE OKHO IS CO3aHus cxeMbl aHanm3a (Project
Schematic).

3°. Ha cnemyromem ortame HeoOXomuMo OSKcmoptupoBath 3D mogmens
MUKpOMeXxaHu4eckoro rapockona B mporpammy ANSYS Workbench. [Tst atoro B Toolbox
packpoiite crucok Component Systems. 3axwmwure seByro kHonky Mbimm (JIKM) Ha

koMmrioHeHTe Geometry u neperamniure ero B okHo Project Schematic, pucyHox 4.

[ Unsaved Project - Workbench — O >
File View Tools Units Extensions Jobs Help

all=2= )= Project

4] Import. .. | Reconnect Refresh Project # Update Project | pm ACT Start Page

Toaolbox L B Bl Project Schematic * 0 %

Analysis Systems

EH Component Systems 1

=
(]
]
—
o
5
m
L
LI |

Geometry T 4

m BladeGen Geometry
CFX

g Engineering Data
el EnSight (Forte)
External Data
ﬁ Bxternal Model
n Fluent

n Fluent {with Fluent Meshing)

4 1cemcrD
@ Icepak W

‘ T View Al f Customize... |

o Ready ¥ 30b Monitor... | EE Mo DPS Connection | i Show Progress | %1 Show 1 Messages

Pucynoxk 4 — Coznanne komnonenra Geometry
HaxxmuTte npaBoli KHOIIKOM MBIIIM Ha BTOPOH CTpouke KoMmroHeHTa Geometry u

BeiOepute myHkT New SpaceClaim Geometry, pucyHok 5.
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PI/ICYHOK 5- CO3I[aHI/Ie IrcoOMCTPHUH AJIA aHaJIN3a

4°. B okne oTkpeiBiIeiica mporpammbl SpaceClaim Haxwmure File — Open. B

OTKPBIBIIIEMCSI OKHE CHaJaJia Beioepute Gopmar oTkpsiBaemoro daiina (Parasolid). 3aTem

BbIOEpUTE (Paiiyl 1 HAKMUTE KHOMKY OTKPBITh, PUCYHOK 6.

¥nopagounte ¥ Cozgarte nanky

S

JokymenTe ~ [0 Wma

e T
[&=] WzoBpaxketun .

J‘i Mysbika

I PabBouwii cton
e JlOKENEHBIA g01C

- Profiles (D)

= Accraditation Y
[ Improve imported
data

[] Check Geometry

=~ 1 @

[lata u3meHeHnA Tun Pasmep

21.03.2022 20:42 Daiin "¥_T" 3936 Kb

Options...

@

WMnn daiina |IVIIVIG.x_t

v| | Paraselid ("3 t*xmt_bd;*x_b* v~

Pucynox 6 —

OtkpoiTue 3D Monenu



[Tocne aToro 3D Moenb MEKPOMEXaHUYECKOTO THPOCKOIIA OTKPOETCS B IPOrpaMMe

SpaceClaim, pucyHoxk 7.
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Click an object. Double-click to select an edge loop. Triple-click

Pucynok 7 — 3D moxens MMI'
[Tox mudpoii 1 B mporpamme SpaceClaim o6o3naueHa ctpyktypa 3D Momenu
(epeBo noctpoenust). [lox nudpoii 2 0603HaueHO pabouee OKHO Jisl B3aUMOJICUCTBUS C

3D mopensro.

5% Onpenenenne pasMepoB IrpeGEHIATHIX CTPYKTYP JUIS PACUETA MX EMKOCTEH.

[lepeitnute Ha Bkiaaky Measure u Beioepute nunctpymeHnt Measure, pucyHok 8.
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Pucynox 8 — 3amyck mHCTpyMEeHTa ISl U3MEPEHUS pa3MEpOB
s npumepa onpenenuM mupuny rpedénku. Haxxmure JIKM Ha nunauu, kotopas
0003HaYaeT MUPHUHY IPEOEHKU U TTOCIIE 3TOTO PSIIOM C KypCOPOM MOSIBUTCS pa3Mep TaHHOM

JUHUH, PUCYHOK 9.
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Click on an object to measure. Cirl+click to add more objects to Length=0

Pucynok 9 — Omnpenenenne mMpruHbl rpeOEHKN

6°. Tlocne ompeneneHUs HEOOXOAMMBIX Ppa3MEPOB TIpPeGEHYATHIX CTPYKTYP,
HEOOXOJIMMO OTKJIIOUMUTh BCE YaCTHU T'€OMETPUM, KOTOpasi MOJICBEYEHA KPACHBIM IIBETOM.
JlanHasi TeOMeTpusl SIBISCTCS HETOJBUKHOM BO BpeMsi paOOThl YCTPONCTBA U HE OyneT
BIIUSATH Ha TOYHOCTH pacuéra. UToOBI HCKITIOYUTH HEOOXOIUMYI0 TE€OMETPHIO U3 pacuéra, K
npuMepy, B Jlepese nmoctpoenus packpourte ctpouky Teno 2 3a 4 u Haxxmute [IKM mblim
Ha cTpouke Teno 2:4. B mosBuBIIEMcs MeHIO BbiOepuTe MyHKT Suppress for Physics,

pucynok 10.
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Click an object. Double-click to select an edge loop. Tnple-click

Pucynok 10 — Mcknrouenue Tena u3 pacuéra
[locne sToro, Ha Tenax, UCKIIOYEHHBIX AJIs pacuéra, MOABITCS NEPEUEPKHYTHIC

KpPY>XKH, pucyHOK 11.
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CaMOCTOSITEIbHO MCKIIIOUMTE U3 pacqéTa BCIO TCOMCTPHUIO, ITOACBCUCHHYIO
KpaCHbIM OBCTOM.

Coxpanute nanayto 3D monens B cBOrO manky u Bepaurech B okHo Workbench.

7°. B Toolbox packpoiite criucox Analysis Systems, 3asxmurte JIKM Ha KOMIIOHEHTE

Modal u mepersiHuTE €r0 Ha BTOPYIO CTPOUKY KomroHeHTa Geometry, pucyrok 12.
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Pucynok 12 — Jlo6aBnenue komrnonenra Modal B cxemy ananmza
U3 pucynka 12 BuaHO, 9to KomrnoHeHT Geometry u kommonenT Modal cBsizambl
apyr ¢ apyrom. Komnonent Modal HeoOxoaum [1st onpeiesieHus: COOCTBEHHBIX 4acTOT U
dhopm konebanuit MMI'.
U3 storo ke coucka (Analysis Systems) meperammure 2 xommonenta Harmonic

Response na crpouky Solution kommonenta Modal, pucynok 13.
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Pucynok 13 — Jlo0aBienue komrnoHeHTa Harmonic Response B cxemy mpoekTa

Kommonent Harmonic Response mo3BoJisieT MpOBOIUT aHAIN3 KOHCTPYKIIUU TIPH

Pa3INYHbIX TapMOHHYCCKHUX BOBI[CﬁCTBPISIX. B namem CjIydac, C IOMOUIIBIO AJAaHHOTO

KOMITOHEHTA, OyIeM OTpeesITh aMIUIUTYAHO-4YaCTOTHBIE XapakTepuctuku (AUX) MMI'.

8°. Ha cnenyromem »sTane HEOOXOAUMO 3alaTh MaTepual, KOTOPHIA OyaeT

HCIIOJIB30BATLCA IIPU aHAJIN3C.

Haxmute TTIKM Ha ctpouke Engineering Data xommonenta Modal u BwiOepute

crpouky Edit, pucynok 14.
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Pucynok 14 — PegaktupoBanue matepuana
OTtkpoeTcsi HOBasg BKJIAJAKA JJII BO3MOXHOCTH DPEIAKTUPOBAHMS WHKEHEPHBIX
nanHbix. Haxkmure Ha kHOMKY Engineering Data Sources n Ha)KMUTE Ha KHOIKY C TPeMsI

TOYKaMU JJIsI TOOABJICHHS] HOBOW OMOJIMOTEKHU MaTepUaioB, pUCyHOK 15.
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Pucynoxk 15 — JloGaBiieHre HOBOM OMOJIMOTEKH MaTepraioB
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B otkpeiBiiemcs okHe BbiOepute daiin MST_materials 1 HakMHTe KHOIKY
OTKPBITh, PUCYHOK 16.
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Pucynok 16 — JIo6aBnenne OMOIMOTEKN C MaTepraIaMu

Bribepure noGamnennyro OuOimoreky MST_materials, a mocne 3toro B OkHe
Outline of MST_Materials no6asbre marepuan Silicon Monocrystal 100 HaxkaB Ha KHOTIKY

IUTIOC, PUCYHOK 17.
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Pucynok 17 — Jlo6aBnenue marepuana Silicon Monocrystal 100
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[Tocne sToro HaxkmMutTe Ha kHOnKy Engineering Data Sources. B okue Outline of
Schematic... naxxmure I[TKM nHa matepuane Silicon Monocrystal 100 u BeiOepuTE MyHKT
Default Solid Material For Model, pucynoxk 18.

[ Unsaved Project - Workbench — O >
File Edit View Tools Units Extensions Jobs  Help

g

| ||&||BE) [H rroject / @  B2,c2,02:EngineeringData X

“f Filter Engineering Data ﬁ Engineering Data Sources

Outline of Schematic B2, €2, D2: Engineering Data Table of Properties R * o X
Physical Properties ~ A B C
Linear Elastic Variable Name | Unit | DefaultDa
Plasticity 2 Temperature C ;l 22
Strength
Custom Material Models 3 % Man =1 s
100 Add Material To Project
53 Copy
Paste
.. Stru
4 Stee ¥ Delete
>
|53y Duplicate
5 s hart: Mo data * o ox
Froperties of Outiine Row : %’ View Linked Source
4S5 Refresh From Linked Source
i Prof 2 Break Link to Source
Materiz
2 Variabl Add to Favorites
3 A Densi Default Solid Material For Model )|
4 % E:s;:fgg Default Fluid/Field Material For Model
Therma ﬁ Engineering Data Sources
9 E Isotrop
Expand Al
Collapse All
| T View All / Customize... | |
o Ready ¥ 30b Moritor... || B No DPS Connection | @) Show Progress | %1 Show 1 Messages | .:

Pucynoxk 18 — Haznauenue HoBoro matepuana st 3D mogenn MMIT

[Tocne aToro BepHHUTECh Ha BKJIAAKy Project.
9°. Hactpoiika ananusa.

Jliis Hactporiku aHanu3a Haxmute [TKM Ha crpoke Model komnonenta Modal u

BeIOepuUTe cTpouKy Edit. Otkpoercs okno Multiple Systems — Mechanical, pucynox 19.
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-5 Geometry % S R ) S—
(- (8 Materials ACADEMIC
-3¢ Coordinate Systems
(-, Connections

~/@@ Mesh

E-2Ei Modal (BS)

i~ ;70 Pre-Stress (None)
i Vﬂ Analysis Settings
Solution (B6)

-[5) Solution Information
=) '_; Harmonic Response (C5)
w70 Modal (Modal)

Analysis Settings

2[& Solution (C6)

iz} Solution Information
Response 2 (D

i
Details of "Model (B4, C4, D4}" ! W
-|| Lighting W |

Ambient | 0,1 =

Diffuse |0,6 6
Specular |1 O
Color
-|| Filter Options

Control |Enabled I V'J./ %
@‘ 0 0,0008 {my
. 00003

Messages pane Mo Selection & Metric (m, kg, N, 5, V, A) Degrees rad/s

Pucynok 19 — Oxno Multiple Systems — Mechanical
Ha pucynke 19 nudpamu ob6o3naueno: 1 — JlepeBo HacTpoek aHanuza; 2 —
JleTanbHbIC HACTPOMKH AepeBa HACTPOEK; 3 — JIEeHTa ¢ JONOJIHUTEIbHBIMU HAacTpolikaMu. B
3aBUCUMOCTH OT TOTO, Ha KaKOW CTPOKE JepeBa HACTPOCK HAXOIUTCS Kypcop, OyayT
W3MEHATHCS BO3MOXKHBIC HACTPOWKH Ha jeHTe; 4 — HacTpoiiku s BeIOOpa 3JIE€MEHTOB

MOJIEIH, a TAKXKe JJIs1 yIPaBICHUS pa3IMuHbIMU BUuaamMu moaenu; 5 — OxHo ¢ 3D Mozenbio.

10°. JIns oGneryenus co3gaHusl KOHEUHO-3JIEMEHTHOMN CETKH HEOOXOMMO CO3/1aTh
MMEHOBaHHbBIE HAOOPBI TECOMETPHH.
CHauajna HY>XHO YCTaHOBUTH THI BHIOMPAEMBIX DJIEMEHTOB MOJIEIH. Y CTAaHOBUTE

BbIOOp TONBKO Tea (Body), pexxum BeiOOpa — oaumHouHbIM BbIOOp (Single Select),

Pucynok 20 — Hactpoiika BeIOOpa 3J1eMEHTOB MOENN

pucysok 20.

[Tpu 3axxaroit kiaBuiie Ctrl BeiOepuTe Bee ynpyrue noaseckl Moaenu (12 mTyk).
[Tocne storo naxkmute ITKM u BoiOepute mynkT Create Named Selection... (Co3nanue

MMEHOBAHHOTO HabOpa 3IE€MEHTOB MOJIENH ), PUCYHOK 21,
14



m |E| = Context Multiple Systems - Mechanical [ANSYS Academic Teaching Mechanical and CFD] = [m] »

Home Model Display Selection Automation Quick Launch ~ @ 9'

ﬂﬂ QNamedSelection E‘Commands @Images' " @ g L ?
[} Bl . il =] g0 Uk

+{ Coordinate System EJComment I:.Section Plane

Part Symmetry Connections Craoss Virtual Construction | Define Mesh  Results

Duplicate Solve Analysis . .
= Q = = @, Remate Point il Chart & Annotation Transform sections™ Topology Geometry™ = = =
Outline Solvery Insert Prepare
Outline > ROx by O~ Q@ @ @  Select & Mode~ ET@@@@@’?’
o Name » | Search Outline | ™ _
{_. Project* ~
B Model (B4, C4, D4) 2020 R2
-8 Geometry ) -
[ Materials ACADEMIC
- 34 Coordinate Systems Cajio '
[+ ‘/ Connections Export...
/& Mesh
= _//w Modal (B5) Q Hide Body Fo
/T=0 Pre-5tress {None) T Hide All Other Bodies Ctrl+F9

Hﬂ Analysis Settings

=] Solution (B6)

_//m Solution Information
Harmonic Response (C5)
w7=0 Modal (Modal)

-?EH Analysis Settings
Solution (C6)

! Filter Tree Based On Visible Bodies

‘@ Suppress Body
‘@ Suppress All Other Bodies

i . Isometric View

Set
53 solution Information ':
= ,, Harmonic Response 2 (D5) ¥ &, Restore Default H
Details of "Model (B4, C4, D4)" = w1 OX @ ZoomTo Fit F7
[=I| Lighti @&, Zoom To Selection z
Ambient | 0,1
et @& Image To Clipboard Ctri=C
Diffuse |06
Specular [1 Cursor Mode ]
Color View »
[=| Filter Options 4G Look At
Control |Enabled |

.2 Create Coordinate System

[ Create Named Selection... 0,000 {m)

G SelectAll Create Named Selection... (N)

Create a Named Selection for the selected geometry entities in the
‘ graphical interface (bodies, faces, etc.). You can specify a name for the
[—=1 selection and you can specify criteria based on the selected geometry.

Refresh Materials

—
L=
—
L=

Create a Named Selection for the selected geometry en

Update Geometry from

(@ Press F1 for help.

Pucynok 21 — Co3ganrie ”MEHOBaHHOT'O HaOOpa BHIOPAHHBIX 3JIEMEHTOB
B nmnosBuBlmIEMCS OKHE 3amaiiTe HWMs Uil BBIOPAHHBIX YIPYTUX TOABECOB,

PUCYHOK 22.

Selection Mame X

-

®)  Apply selected geometry
O Apply geometry items of same:

Size

Type
Location X
Location '

Location £

O | oO0oO00ggn

Apply To Corresponding Mesh Modes

o 1) oo

Pucynox 22 — 3amanue uMeHu Tl BBIOpaHHBIX YIIPYTHUX TTOJIBECOB
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[Tocne aToro B JlepeBe HacTpoek aHanu3a packpoiite crimcok Named Selections. B
9TOM CIHUCKE JOJDKEH MOSBUTHCS MMEHOBAaHHBIA Habop Springs.

Coznaiite caMOCTOSATEILHO HOBBIII MMEHOBAaHHBIA HAa0Op, B KOTOPBIA BXOJAT BCE
Tesa Mojienu (5 Ter), KpoMme YIpyrux 3JeMEHTOB. 3aaaiite uMst i JanHoro Habopa Body.

[Tocne 3TOro cMEHUTE TUIl BHIOMPAEMBIX 3JIEMEHTOB MOJIENU. Y CTAHOBUTE BHIOOD
ToJibko pébep moxenu (Edge), pexxum BbIOOpa — omuHOUHBIA BBIOOP (Single Select),

pPUCYHOK 23.
e s Ll @ L L R

Pucynok 23 — CMmeHa BpIOOpA THTIA DIIEMEHTOB MOICIH

BriGepute moboe BepTukaasHoe pedpo (TosmuHa ceHcopa MMI), pucyHok 24,

n [El = Context Multiple Systems - Mechanical [ANSYS Academic Teaching Mechanical and CFD] = (] b4

Home Madel Display Selection Automation s @ 9'

D % éj} HE %I‘:Jamed Selection  [E- Commands [@images~ :I @ g g"ﬂ @ F @ &

dinate System [JComment E.Section Plane

te Solve Analysis . n . Part Symmetry Connections  Cross Virtual Construction = Define Mesh  Results
Q = = #, Remote Point il Chart [ annotation Transform Sections™ Topology Geometry™ = = =
Outline Solvery Insert Prepare
Outine v AEX QA Bed % O-+ Q@A @@ St kMode- TREDEE R E :
MName - v o
. Model
Project*
@ Proj 22,03.2022 15:28 4

B (& Model (B4, C4, D4)
- 0@ Geometry

- {5 Materials

o ¢ Coordinate Systems

B
&
B
B |5 Connections

; IEEH Analysis Settings
= ;@ Solution (B6)

iz Solution Information
Harmonic Response (C5)

i L[] Analysis Settings v
Details of "Model (B4, C4, D4)" wow OO X
=|| Lighting

Ambient | 0,1
Diffuse |06

Specular |1 0|

Color
=|| Filter Options Z

Control | Enabled Y‘\‘L'X
Q 0.0001 {m)
I 0000000
Se-05

Messages pane 1 Edge Selected: Length = 4,e-005 m & Metric (m, kg, M, 5, V, A) Degrees rad/s Celsius

Pucynox 24 — Beibop BepTHKaILHOTO pedpa
[Tocne 3Toro co3ngaiiTe HOBBI MMEHOBAHHBIM HAOOp € MapaMeTpaMu, Kak Ha

pHUCYHKeE 25.
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Selection Mame >

H Springs

O Apply selected geometry

'® Apply geometry items of same:
Size

Location X
Location Y

Location £

O gogd

Apply To Corresponding Mesh Nodes

=) o |

Pucynok 25 — Co3ganre nMEHOBaHHOTO HabOpa JIJIsl BEpTUKAIBHBIX pEOEp yIpyrux

II0/IBECOB
Haxxmurte JIKM Ha BHOBB co3anHOM napameTpe (H_Springs), KoTopblit HaXoauTCst
B [lepeBe Hactpoek aHamu3za. [losBurcs nomomautensHoe okHO Worksheet B xotopom

c/eJlaiiTe HaCTPOUKH, KaK Ha PUCYHKE 26.

Worksheet -

C=)e

Mote: Internal comparisons of values that have units are done in the CAD Unit System. See help for more infermation.
Current CAD Unit System: Metric (m, kg, N, 5, V, A)

Action Entity Type Criterion COperator Value ower Bound | Upper Bound | Coordinat... |

Add Body Mamed Sel. .. Equal Springs M/A M/A M/A
Convert To Edge MfA MfA MfA MfA MfA MfA
Filter Edge Size Equal 40, MfA MfA MfA

(1) v

Pucynok 26 — BeiOop BepTHKaIBHBIX PEOEP TONBKO YIPYTUX MOIBECOB

Takum 00pa3zoM ObLTH BEIOpAHBI BCE BEPTUKAIIbHBIC pEOpa, MpUHAJICKAIIUE TOJTBKO
YOPYTHM TIOJIBECAM.
CHoBa BwIOepHUTE JTI000€ BEPTUKAIBHOE PEOPO U CO37aiiTe UMEHOBaHHBINM HAOOP C

napaMeTpamH Kak Ha pucyHke 27.
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Selection Mame >

Size

Type
Location X
Location ¥

Location Z

O | 0000

Apply To Corresponding Mesh Modes

] | Cancel |

Pucynoxk 27 — Co3zianve MMEHOBaHHOTO Habopa ISl BEpTUKAIBHBIX pEOEp Tell MOAeIN

Haxxmure JIKM Ha BHOBB co3aanHOM napametrpe (H_Body), koTopslii HaxoauTces B
JlepeBe HacTpoek aHanu3a. [losBuTcs aomonHuTeabHoe okHO Worksheet B xoTopom

cenaiiTe HaCTPOMKH, KaK Ha pUCYHKe 28.

Worksheet * 0 %
Do
( Generate ) @)

Mote: Internal comparisons of values that have units are done in the CAD Unit System. See help for more information.

Current CAD Unit System: Metric (m, kg, N, 5, V, A) 9)
| Action | Entity Type | Criterion | Operator | Units | Value nower Bound | Upper Bound | Coordinat. .. |
Add Body Mamed Sel. .. Equal MfA Body MfA MfA M/A
Convert To Edge MfA M/A MfA MfA MfA MfA M/A
Filter Edge Size Equal pm a0, MfA MfA M/A
I

Pucynok 28 — Beibop BepTHKaIBHBIX PEOEP BCEX TEIN, KPOME YIPYTUX MOABECOB
TakuMm oOpa3om, 3aBepleHa MOATOTOBKA MEpesl CO3AaHUEM KOHEYHO-3JIEMEHTHON

CCTKH.

11°. Cosnanue KOHEYHO-DIIEMEHTHOM CETKH.

[epen co3manreM KOHEYHO-3JICMEHTHOM CETKM CHavalla HY»KHO yKa3aTh TeJia, JJIs
KOTOPBIX Oy/IET IPUMEHSTHLCS YIPaBJICHUE CETKOM. B epeBe HaCTpoek aHaIM3a HAXKMUTE
[TKM Ha ctpoke Mesh u BeiOepuTe myHKT Sizing, pucyHok 29.
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u |E| = Context Multiple Systems - Mechanical [AN5YS Academic Teaching Mechanical and CFD] = (] X

Home Mesh Display Selection Automation @ 9'
D SCut X Delete | My Computer - % B &named selection [ Commands (@ Images~ o oo
= =
Bcopy QFind | Distributed 4 Coord stem [JComment [l Section Plane
B paste li‘-|:=.,Tree - Cores 2 Sovlue Anavlysm @, Remote Point i Chart E";Annotation TOvOIS LE{OUt
Qutline 5olve F} Insert
i MMIEd QAR % - QA QR St KModer TREIDBE R E VP .
Mame - B 4‘
T Project* ~ My

i

B (@ Model (B4, C4, D4)
- O Geometry

H---, {7 Materials

b 24 Coordinate Systems
- /%) Connections

Insert P (P sizing )

£
B
B
B

Update @ Contact Sizing
Sizing
A Refinement
Generate Mesh = I Control size-related settings such as element
Preview » @ Match Control size, number of divisions along an edge, use of
B Pinch May sphere or bedy of influence, minimum size, etc.
Show ]
Create Pinch Controls T Mesh Edit (D Press F1 for help.
= }
Group Al Similar Children LSITIEEI,
= Clear Generated Data E G L ) S
Details of "Mesh" @p  Contact Match
- I Rename F2
= Display 5 Mode Merge Group
Display Style Start Recording
‘ Node Merge
=l| Defaults
Physics Preference | Mechanical & Node Move
Element Order Program Controlled
Element Size Default Z

- @,
Sizing ki %
Quality
Inflation 0,00 100,00 (um)
I
Advanced 50,00
Statistics

Pucynoxk 29 — Jlo6aBnenue GyHKIUN YIPABICHUS Pa3MEPOM CETKH

O

[Tocne 3TOro CTaHyT AOCTYIHBI JOTOJHUTENIbHBIE HACTPOWKHU ISl CO3JaHHOMU

byHKuMK ynpasieHus pasmepoM. Crenaiite HaCTpolku, kKak Ha pucyHke 30.
Details of "Edge Sizing" - Sizing >~ OxX

-|| Scope
Scoping Method Mamed Selection
Mamed Selection H_Springs
-| Definition
Suppressed Mo
Type MNumber of Divisions

Mumber of Divisions |4

-|| Advanced
Eehavior Soft
Bias Type Mo Bias

Pucynox 30 — HacTpolika 10nOJIHUTENbHBIX TapaMeTpOB
Hactpotiku Sizing, yka3anHeiMu Ha prcyHke 30, MbI yKa3bIBaeM IpOTrpaMMe, 4To
KOJIMYECTBO KOHEUYHBIX DJIEMEHTOB [UIsl YIPYIMX IMOJBECOB BIOJb OCU Z JOJIKHO OBITH

paBHO 4.
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Coznaiite HOBYIO (DYHKIIMIO YIPABICHUS pa3MEPOM CETKH M 3aJaiiTe mapameTphl,

KaK Ha pucyHke 31.

Details of "Edge Sizing 2" - Sizing * 1 OX

-|| Scope
Scoping Method MNamed Selection
Mamed Selection H_EBody
-|| Drefinition
Suppressed Mo
Type Number of Divisions
W Number of Divisions 2
-|| Advanced
Behavior Soft
Bias Type Mo Bias

Pucynoxk 31 — HacTtpolika 10MOJHUTENBHBIX MTapaMeTPOB

Cozpnaiite emé ofHy QYHKIUIO YIIPABICHUS Pa3MEpPOM CETKH, C MMapaMeTpaMu Kak

Ha pUCYyHKe 32.

Details of "Body Sizing" - Sizing >~ Ox
-|| Scope

Scoping Method | Mamed Selection

Mamed Selection | Springs

=|| Definition
Suppressed Mo
Type Element Size
M cment Sz PR
- Advanced
Defeature Size | Default
Behavior Soft

Pucynox 32 — 3aganus pazmMepa KOHEYHO-JIEMEHTHOM CETKH JIJIsl yIIPYTHUX MOBECOB

[Tocne aToro co3mantTe KOHEYHO-3JIEMEHTHYIO ceTKy. /s atoro Haxxmute [IKM Ha

crpoke Mesh u BeiOepuTe myHkT Generate mesh. Ilocne atoro Oymer co3naHa KOHEYHO-

aneMeHTHass Moaens MMI, yuuThiBaromas mapameTpsl, 3alaHHble Ha pucyHkax 30-32.

[TommyueHnHasi KOHEUHO-2JIEMEHTHAsI MOZIEIb TIPEICTABICHA HA pUCYHKE 33.
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Home Mesh Display Selection Automation . @ 6'

n |E| ¥ Context Multiple Systems - Mechanical [AN5SYS Academic Teaching Mechanical and CFD] = (| x

E‘ Commands (@ Images~ ! o
=

X Delete | My Computer - A &
. .
Q Find 7 [JComment E.Sectlon Flane

v Distributed

B paste EE.Tree' Cores 2 Sovl\re Anavlysls @, Remote Point ;|,|'Chart @Annotation TovOIS LE{OUt
Qutline Salve [F} Insert
St QA [@Bwe % CtRa@ @@ Sdect Moder TERERERER® E
Mame - t o
Z. Project* ~
= Model (B4, C4, D4)

Connections

0 Mesh

i -8 Edge Sizing

-,/ Edge Sizing 2
-~ v Iﬁ Body Sizing

8 Named Selections

i I8 Springs

-, [E Body

-¢E] H_Springs

I8 H_Body
Modal (B5)

T-0 Pre-Stress (Nong)

i e[ Analysis Settings v
Details of "Mesh e IO XK
-| Defaults -

Physics Preference | Mechanical
Element Order Program Controlled
Element Size Default
+| Sizing
+| Quality
+/| Inflation
+/| Advanced

0.00 60,00 {um)

Statistics
Modes 235235
Elements 42746

Ready

84 No Messages Mo Selection 4 Metric (um, kg, uN, 5, V, mA) Degrees rad/s Celsius
Pucynox 33 — Koneuno-anemenTHas mojeins MMI
Packpoiite myHkr StatistiCS, B KOTOPOM MOXHO y3HaTh KOJMYECTBO Y3JIOB H

3JIEMEHTOB U3 KOTOPBIX COCTOMT KOHEYHO-3JIEMEHTHast Mmoaenbr MMI'.
12°. 3apanue 3aKkperuIeHui U1 yIPYTUX IIOBECOB.

Haxwmure TIKM Ha crpoke Modal u BeiOepute mynkr Fixed Support (ITomHoe

3aKperieHne), pucyHok 34.
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n |E| = Context Multiple Systems - Mechanical [AN5YS Academic Teaching Mechanical and CFD] - | X

Home Environment Display Selection Automation Quick Launch -~ @ 0'
D S Cut X Delete My Computer - ﬂm @Named Selection E[‘,Commands @Images' = mi]
I + = =
HC-pr QFind +| Distributed w s Coordinate System [-JComment E.Section Plane
Dupfcate B paste lE|:.Tre3|;-' Cores 2 Sovl\re AnaIySIS @, Remote Point ﬁ,‘rchar‘t gAnnotation TO'OIS LE{OUt
Outline Solve Insert
Outine l=ll @ Q @-— € % O-[+QA Q@ st kModer TRERBEBE
Mame w | Search Cutline |» _ N
[ Project* ~ M
= Model (B4, C4, D4)

@ Geometry
@ Materials
1 Coordinate Systems

: -8 Edge Sizing
- B Edge Sizing 2
-8 Body Sizing
% Named Selections

i, [B) Springs
-8 Body 50,00
‘/ﬁ H_Springs

Graph = <ow O X Tabular Data
Insert b B Rotational Velocity
Solve ®f Thermal Condition
Details of "Modal (B3] :
7(3 E’J Export Nastran File ﬁ Fixed Support )
[-| Definition % - -
Physics Type O Duplicate i Displacement Fixed Support
; i Insert a Fixed Support boundary condition
Analysis Type @, FRemote Displacemel PP il
T r— @ Clear Generated Data @ Frictionless S i to prevent a selected geometric or mesh
- g % Delete Latleu LS A7 entity from moving or deforming,
=1/ Options @ Compression Only §
Environment Tem aIb Rename F2 R
_ % cylindrical Support | (1) Press F1 for help.
|Generate INput Ol e= o o Al Similar Children
P @ Elastic Support
£5 Open Solver Files Directory @ Constraint Equation
—
B Modal Displacement
@L Modal Orientation
Insert a Fixed Support boundary condition to prevent a seledis NG, qing or deforming. MY Mo Messages Mo Selection

Pucynoxk 34 — Jlo6aBnenue GyHKIMU MOJTHOTO 3aKPEIICHUS
CMeHHTE THUN BBIOMPACMBIX DJEMEHTOB MOJECIH. YCTAaHOBUTE BBIOOP TOJBKO

noBepxHocTel monenu (Face), pexxum BbiOOpa — oamHOYHBIN BeIOOp (Single Select),

Pucynok 35 — CMmena BrIOOpa THTIA DIIEMEHTOB MOJICITH

PUCYHOK 35.

3axxmurte kHomnky Ctrl u ucronb3ys JIKM BeiOepuTe 8 KOHIIOB YIIPYTHX MOJABECOB U
B okuHe Details of “Fixed Supports”, maxmute kHomky Apply. 3adukcupoBaHHbBIC

MTOBEPXHOCTH TIOJICBETITCS CHHUM I[BETOM, pUCYHOK 36.
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Home Environment Display Selection Automation Quick Launch ~ @ O'

m [Eﬂ b Context Multiple Systems - Mechanical [ANSYS Academic Teaching Mechanical and CFD] = [m} X

D Scut X Delete | My Computer - ﬁ BB &tzmedselection [ Commands ([®limages~ E oo
I = =

[__Hcapy QFmd v Distributed .m *H Coordinate System [JComment [.Section Plane

Duufcate Bipaste o Tree~ | Cores| 2 Su,'“ Am'lym @, Remote Point {iil Chart B Annotation TU'UIS Layfut
Outline Solve ] Insert
Outine TH10X QA @e® % C[HRA @@ sha kMot MERRRER B P
Mame w | Search Qutline | _ o . P
- ;1B Body A 1 ‘ . .
.M H_Springs - y y 2020 R2
o /T H_Body ! . ’
E—:I;W Modal (B5) 4 g ACADEMIC

- 70 Pre-Stress (None)
_/Eﬂ Analysis Settings
« @, Fixed Support
E-f&) Solution (B6)
5] Solution Infarmation
-2/ Harmonic Response (C5)
o7 Modal (Modal)
Eﬂ Analysis Settings
=] Solution (C6)
—//E Solution Information
2% Harmonic Response 2 (D5)
T=0 Modal (Modal)
-] Analysic Settings

-9 Solution (D6) v
Details of "Fixed Support” v B OX
=l Scope
E'm
Type | Fixed Support
Suppressed |No

84 No M, No Selection ~ Metric (um, kg,

Pucynox 36 — 3akperieHre ynpyrux moBecoB

13°. 3amyck Ha pacuér u 06paboTKa pe3yIbTaToB MOAAILHOIO aHAJIN3A.

Haxxmure Ha ctpoke Solution, otHocselics k kommonenty Modal u BeiOepuTe

nyHKT Solve, pucyHok 37.

m [El = Context Multiple Systems - Mechanical [AMSYS Academic Teaching Mechanical and CFDY = = ) 4
Home Solution Display Selection Automation Quick Launch -~ @ 0'
D £ Cut X Delete | My Computer - ﬂm gl‘lamed Selection E} Commands @Images' E‘\ on
= =
B copy QFind | Distributed BB i coordinste System [1Comment [ Section Plane
Dur:llcate B paste P-E.Tree' Cores | 2 Sovlve Anavlysls @, Remote Point ﬁ,‘f Chart @Annotatlon TO'O‘S Lay'out
Outline Solve [F] Insert

Outline v 31Ox

= Name w | Search Qutline | ™ _

QA [Bwe % C-+ Q@ aa@ st kModer IR A

-0 Pre-Stress (None)
T Analysis settings

g2 § Insert

)
T=0 Modal |

Clear Generated Data

Solve

Rename F4 Start the solution process
Group Al Similar Children using the cunent solve

process settings.

+w I O X  Tabular Data

Open Solver Files Directory
E--2{& Solution (D6) v @ Press F1 for help.

Details of "Solution (BE)" = wow O X%

=|| Adaptive Mesh Refinement

Max Refinement Loops | 1,

Refinement Depth | 2,

Status Solve Required
MAPDL Elapsed Time

MAPDL Memory Used

MAPDL Result File Size

=|| Post Processing

Beam Section Results |No

Pucynoxk 37 — 3amyck MOJaTbHOTO aHANIA3a HA PACYET
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[Tocne oxoHuaHUs pacuéTa YUCIOBBIC 3HAUCHUS MOAAIBLHOTO aHAIN3a 0TOOPA3SITCS
B okHe Tabular Data. Ilpu 3axaroii kmaBumie Ctrl BeiOepute mepBble 3 pe3ysbTara,

naxkmute [TKM u Beioepute mynkr Create Mode Shape Results, pucyrok 38.

m [Eﬂ = Context Multiple Systems - Mechanical [ANSYS Academic Teaching Mechanical and CFD] = (m] x
Home Solution Display Selection Automation Quick Launch -~ @ 0'
Scut X Delete My Computer - ﬂﬂ @Named Selection E‘;Commands @Images' E.\ oo
= =
HC-pr QFind + Distributed Hw i Coordinate System [JComment E.Section Plang
Cuplicate Solve | Analysis Tools | Layout
o Bpaste TmTree~ | Cores 6 ~ Y5 @, Remote Point il Chart B Annatation - Ak
Outline Solve 7 Insert

Outline v 00X L QA [@e@® % O Q@ @@ Select & Moder FEREE®E

Mame w | Search Outline | % _ i iy N

I Project® A >, ANSYS
B Model (B4, C4, D4) r 2020 R2

----- T8 Geometry B
- AT Materials ACADEMIC
4 Coordinate Systems .
+- Connections

..... . 3 Mesh

o 88 Named Selections

8 Modal (B5)

: - T-0 Pre-Stress (None)

--‘/EH Analysis Settings

-®, Fixed Support

Solution (B6)

e ) Selution Information
Harmonic Response (C5)

e 7b Modal (Modal) v ¥
< > y
Details of "Solution (BE)" =i B O % 0,000 0,600 (mm) i

[=I| Adaptive Mesh Refinement - 0300
Max Refinement Loops |1,
Refinement Depth 2,
1| Information
Status Cone 39731

MAPDL Elapsed Time | 34, 5 20000 — !
MAFDL Memory Used | 8,0654 GB ' I I : {(Create Mode Shape Results )
MAPDL Result File Size | 168,63 MB ] 5 3 a . 29433 Export

=l Post Processing 39731 Select All

Beam Section Results | No b
Details = Section Planes Messages | Graph

B

Copy Cell

Pucynox 38 — Co3znmanue pe3ynbTaToB aHAIN3a
[Tocie »TOro aBTOMaTH4YecKd OYAyT CO3[aHbl 3 pe3yibTara aHaiu3a IS
MoJaibHOr0 aHanm3a. Haxxmure Ha mobom u3 Hux [IKM u BeiGepute ctpoky Evaluate All

Results, pucynok 39.
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Home Solution Display Selection Automation Quick Launch ~ 3 6
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-, @ Geometry . . e
- {5 Materials | . = ACADEMIC

----- 5t Coordinate Systems
- ] Connections
""" &0 Mesh
w8 Named Selections
-+l Modal (B5)
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Jﬂ Analysis Settings
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- Solution (B6)
15} solution Information
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3 Total Deft Insert
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//a Y Efrﬁ Evaluate All Results )

E| ----- 7 Harmonic Resp
Details of "Total Deformation” =+ @ Suppress

Evaluate All Results

| Scope |0 Duplicate Without Results
Scoping Method Geometry I r Based o Definiti Evaluate all
Geometry Al Bodiss Ao Rename Based on Definition results.

[=|| Definition IO  Duplicate J
Type Total Defo B copy @ Press F1 for help.
Mode 1, & cut
Identifier =
Suppressed Mo O Clear Generated Data

El| Resufts 3 Delete

Minimum
Maximum b Rename F2
Evaluate all results. & Group Ctrl-G ®% Mo Messages Mo Selection & Metric (m, kg, N, 5, V, A} Degrees rad/s Celsius

Pucynok 39 — O6HoBieHNE 10OABICHHBIX PE3YJIbTaTOB aHAIN3A

Takum oOpazom ObLTH OmpeseNieHbl COOCTBEHHBIE YaCTOTHI M (HOpMBI KojeOaHui

MMTI'.

14°. Onpenenenue cuibl, cosaaBaeMolii rpederdarsiv npusoaoM (I'TT) Baons ocu Y
NEPBUYHBIX KOJeOaHuM.

['Tl ¢ u3MeHseEMON IIOMAABI0 MEPEKPHITUSA MPEIHAZHAYEHBI JUISl JIMHEApU3alUun
M3MEHEHUS €MKOCTH B 3aBUCHUMOCTU OT CMEUIEHUS U MPUMEHSIOTCS JJI1 TOro, YTOOBI
00eCNeunTh IMOCTOSHHYIO 3JIEKTPOCTATUYECKYI0 CHJIy [0 OTHOLICHHIO K CMELICHHIO.
KoHcTpykuuss BCTpeuHO-rpeOEHYaToro MpHUBOJA OCHOBaHA HA CO3JAHUU  YCHUIIUS
cpabaTblBaHMs 3a CYET psla NapajUIeNIbHBIX IUIACTUH, CKOJB3ALIMX IMapajuleibHO ApPYyT

ApyTy, 0€3 U3MEHEHHUs 3a30pa MEXIy IIacTUHaMHU, pucyHOK 40.
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Yo X

HenoaBuxHbIH
IEKTPO/

IHoaBHUKHBIN
JIEKTPOJL

Pucynox 40 — K onpenenenuto cuibl, cozgaBaemoit ['Tl ¢ u3mensieMoi miomnaabo
MEPEKPHITUSA
DJIeKTpocTaTUYeCKasl Ccujia, co3JaBaemMass B HampaBieHMH X IS JIBYX

IMapaJuICIIbHBIX IINIACTHUH, OIIPCACIIACTCA 110 (bOpMYJ'Ie 2.

szl@.uzzlé(xo_x)ggozo.uz (1)
2 OX 2 0OX Yo
Fx _ E&ELL, .U?%-N (2)
Yo

&, — DNEKTpHUECKas MOCTOsHHAs paBHas 8,854*1072 ®/m; Zy — BBICOTa IPeGEHKH
B HampaBJIeHUH ocH Z; Yo — paccTosiHue Mexay rpeoénkamu; N — KomnuecTtBo emMkocTei

Bxosmux B I'C, miT.

Cuna, co3maBaemas Topuamu ['TI, pucynok 41 u onpenensercs o Gpopmyie 3.

F

IHHoaBuKHBIN
IEKTPOJ

Yo

HenoaBuxkHbIN
JIEKTPO

Pucynok 41 — K onpeaeneHuto cuibl, cozaaBaemMoit Topuamu rpedénok ['T1
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10C , ¢€g,2,%,
, U? =000
2.0y Yo

[Tocne sTOTO OMpenenuTe CyMMapHyIO CHITy 1o Gopmyiie 4.

UEN 3

XF=F. n+F, -n,, 4)
A€ N, — KOJIMYECTBO EMKOCTEN C U3MEHSAEMOMN IUIOIIAAbIO IIEPEKPBITHS, IIIT.;
n, — KOJINYECTBO TOPLEBBIX EMKOCTEM, IIIT.

s toro 4toObl ompenenuTh cuiy, co3faBaemyio [Tl BAoiap ocu mepBHYHBIX
KoseGaHmii, NCIIONB3YHTE pasMephl IPeOEHYATBIX CTPYKTYP, HOMyYeHHBIX Ha mare 5°. J{is
yCKOpeHHs pacuéra Bocmosb3yiTech mporpammoit MathCad. Hampspkenue 3amaiite
paBHeiM 10 B. Takum oOpa3om, ompeaensieTcss cuila, KOTOPYH CO3Jal0T IpeOeHyaTbie
CTPYKTYPBI JUIsl CO3/IaHMs IEpBUUHBIX Kosiebanuit UM MMI'.

15°. Co3manue mepBoro rapMOHMYECKOTO aHAJIM3A.

Jl51s mepBoro rapMOHHUECKOro anaiausa B Analysis Setting 3anaiite napamerp Range
Minimum pasubeim 0 I't, mapametrp Range Maximum pasusim 10000 I't, mapamerp Solution

Intervals paBubIM 51, pucyHok 42.

m [Eﬂ = Context Multiple Systems - Mechanical [ANSYS Academic Teaching Mechanical and CFD] s [m} x
Home Environment Display Selection Automation Quick Launch ~ @ 0'

D cut X Delete | |My Computer - g EBE Swuamedselection [ Commands (@ images~ B ]
= =
HCDp; QFind ¥ Distributed Hw i Coordinate System LJComment E.Sectiun Flane
Duplicate Solve | Analysis n Tools | Layout
plicate B Paste E,_'.Tree' Cores | 2 ¥ @, Remote Point il Chart EAnnotation ¥

T outline Solve a7 Insert " "
Q@@ % O+ @@ st kModer TRERDBRRBE ™Y

Outline

: Mame Search Outline | _

i o] Analysis Settings ~ A"SYS
i, Fixed Support 2020 R2
- Solution (B6) _—

Jm Solution Information ACADEMIC

88 Total Deformation

T8 Total Deformation 2
- 8 Total Deformation 3

Harmonic Response (C5)

T=0 Modal (Modal)
H Analysis Settings
Solution (D6)

e 3 solution Information

v
Details of "Analysis Settings" oot w IO X
[=]| Step Confrols -
Muttiple RPMs [ No
o Options
Frequency Spacing Linear
Range Minimum 0, Hz
Range Maximum 10000 Hz 7
Solution Intervals 51 L P
s T vk}
Solution Method Mode Superposition 0 0,0006 ()
I
Include Residual Vector No 0,0003
Cluster Results No v

84 Mo Messages Mo Selection = Metric (m, kg, N, 5,V, A) Degrees rad/s Celsius

Pucynok 42 — 3aganue HacTpOEK JUIsl IEPBOTO TapMOHUYECKOTO aHaIM3a
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JobGaBbTe Harpysky Force. Jlns storo, Haxkmute I[IKM Ha ctpoke mnepBoro

rapMOHHYECKOTO aHalln3a U BhIOepUTE MyHKT FOrce, pucynok 43.

m H = Context Multiple Systems - Mechanical [ANSYS Academic Teaching Mechanical and CFD] . [m} »
Home Environment Display Selection Automation Quick Launch ~ @ 0'
£ cut X Delete = My Computer - ﬂﬂ @Named Selection @Commands @Images' = on
I E =
B copy QFind v/ Distributed B ¥ Coordinate System [JComment [HSection Plane
Duplicat: Sal Anal Taol L: t
VPN |2 pacte SmTree~ | Cores|2 ole | AN @ Remate Point i Chart B annotation | oo° | oY
Outline Solve 7] Insert
. : ¥
Outline ~ 1 0 x JElclel @".5} oy Q-E‘QQQQ Select Mode- ETRBE R BB ME v = 2
b L —

: Name « | Search Qutline | _

-,/ﬁ Analysis Settings ~ esfiinse ANSYS

-/, Fixed Support 2020 R2

Solution (B6) I
Solution Information ACADEMIC

-8 Total Deformation 4 i

-8 Total Deformation 2

‘.. Total Deformation 3
5 {1 [ y—
i 7o Modal (Mo Insert
i/ Analysis 5 3
E--2{%) Solution
H 43 Solu |0  Duplicate
B9 “:;;;",::';: 3:; & Clear Generated Data

@ Acceleration

Solve Pressure

v )

~olff] AnalysisS % Delete Bearing Load Insert a Force load that

e i Moment distributes a force vector
Rename F2 A" across one or more topologies.

@,

@ Line Pressure
Group All Similar Children
@
]

Details of "Harmonic Respon _, X Rotating Force | (1) Press F1 for help.
———————— 3 Open Solver Files Directory . __
[=)| Definition i Displacement =
Physics Type Structural ar Nodal Force
Analysis Type Harmonic Response _
Solver Target Mechanical APDL E. Commands
[=] Options
| Environment Temperature |22, =C
Generate Input Only |Nu

Pucynok 43 — Jlo6aBiieHue Harpy3Kku B BUAE CUJIbI

Bri6epuTe mOBEpXHOCTh MPUIIOKEHUS CHIIBI (ITOJICBEYEHO KPACHBIM IIBETOM) U €€

HarpaBJeHUE (KpacHas CTpesika), Kak yKa3aHo Ha pucyHke 44.

n |E| = Context Multiple Systems - Mechanical [ANSYS Academic Teaching Mechanical and CFD] 1. [m} (o
Home Environment Display Selection Automation Quick Launch ~ @ o'
D Hcut X Delete My Computer - ﬂﬂ @Named Selection E}Commands @\mages' = on
I = =
I__H Copy QFind v Distributed Hw 3 Coordinate System [JComment E.Sectmn Plane
Duplicat Sab Anal Tools | Li it
YR | Bipaste Bereer | Cores 2 owe | AnaYSE @ pemote Point it Chart B Annotation il
Outline Solve [F Insert
O 0 T e o 0 ~A1Ox | C 4 QA @@ Sdect RMader BT B R @ B @mxr‘xz
© MName » | Search Outline | _ a
i FH] Analysis Settings " ANSYS
i@ Fixed Support 2020 R2
B/} Solution (B6)

-+ Solution Information i ACADEMIC
&8 Total Deformation
8 Total Deformation 2
“ /& Total Deformation 3
Harmonic Response (C5)
»T=0 Modal (Modal)
[ Analysis Settings
i@ Force
El Solution (C6)
,//m Solution Information
E Harmonic Response 2 (D5)
- 7=0 Modal (Modal)
qﬂ Analysis Settings
Solution (D6)
{3} solution Information v
N L £

Details of "Force" =
=l Scope
Scoping Method ‘Geometry Selection

Geometry ‘1 Face
[l Definition
Type Force
Define By Vector
Applied By Surface Effect

. Magnitude 0, N
| | Phase Angle _Les

0,0001 {rn)

Apply Cancel 5e-05

o
A
N

Suppressed

Pucynox 44 — IpuiiokeHre CUIIBI JIs CO3/IaHus TIEPBUYHBIX KOJIeOaHMIA

28



[TapameTp Magnitude ycraHoBuTe paBHBIM cuiie, co3gaBaemort I'TI pist coznanus
IIEPBUYHBIX KOJIEOAHH, IT0Tyd4eHHOM Ha mare 14°,

Haxwmure JIKM Ha crpoke Solution mepBoro rapMOHHYECKOTO aHaIH3a. 3aTeM
HaXMUTe Ha Bkiaaky Solution. Packpoiite cnmcoxk Chart. 3arem packpoiite crnmcok

Frequency Response u Beioepute mynkt Deformation, pucynox 45.

——
m [El ¥ Context Multiple Systems - Mechanical [ANSYS Academic Teaching Mechanical and CFD] = ] x
Home Display Selection Automation Quick Launch e ~ @ 0'

- & ‘ 5 - s =
D s | My Computer_e Eﬁ Siamed selection [ Commands (@) images & G @ a3 £ B
v Distributeo_J *K Coordinate system CJComment [l section Plane USER Lo
Dupllcate Q Cores| 2 So'I\re Anavlysm @, Remote Point 7 Chart B Annotation Res'ults Userg}sﬂ’med Prgbe Toovlbox Chart To'ols \cfle'ws
Outline Solve [F Insert
Outline ~* 1 Ox e Q Q @' & "5 O-a Q@ @ @ Select ", Mode~ ET @
Mame ~ | Search Qutline |~ _ g
,/IEE Analysis Settings -~

i /B, Fined Support £l Stress
E.

Solution (B6)

i 5 Solution Information
@0 Total Deformation
-8 Total Deformation 2
e /88 Total Deformation 3
Harmonic Response (C5)

Deformation

="\ Insert a Deformation result
computed at different

- & frequency values.

(D Press F1 for help.

TrOT TGO

Naterfall Diagram

A

Eﬂ Analysis Settings
Solution (D6)

Details of "Solution (CE)" =
= -

Status Solve Required
MAPDL Elapsed Time

MAPDL Memory Used

MAPDL Result File Size

[=1| Post F il

Beam Section Results |No

Pucynox 45 — Coznanue pe3ysibrara mepBoro rapMOHUYECKOTO aHATN3a
Jlns mapamerpa Geometry, BeiOepuTe BCe Tenma MPUHAIICKANTUE MOJCTH U

Haxkmute kHOTKy Apply. [Tapamerp Orientation 3amaiiTe paBHbIM Y AXis, pucyHOK 46.
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u [El = Context Multiple Systems - Mechanical [AN5Y5 Academic Teaching Mechanical and CFDY] = (| x

Home Solution Display Selection Automation Quick Launch ~ @l 0'
- o) ad Seledtit 5. -
ID e My Computer g ﬂﬂ B MNamed Selection E,Commands (& images L) 6 ﬁ ﬁ E‘r' E
B0 USER

v Distributed s Coordinate System [Comment I:.Section Plane

Duplicat Sol Analysi M Results User Defined Prob Toolb Chart | Tool Vi
Upvlca € Q Cores |2 o'\re I"IE')rSIS @, Remote Point i Chart @Annotation es'u : seée:]:tne rS £ 09' ox 'a o'o : Iiws
Qutline sohve 5 Insert (1))
= = : B ¥
Outline i @ 0 o-h Q0 @ @ S . R R In|U| el

“ Mame w | Searc

T analysis settings (3 ANSYS
@ Fixed Support
g Fry . AR
/5] Solution Information A 5 : ACADEMIC
&8 Total Deformation ) )
E '«‘3 Total Deformation 2
./'5 Total Deformation 3
£ Harmenic Response (C5)
....... v T=0 Modal {(Modal)
....... » T Analysis Settings

Solution (C6)

: () Solution Information

/i Frequency Response

El--9[if Harmonic Response 2 (D5)

------- »7=0 Modal {Modal)

------- ?EH Analysis Settings

El"'"‘? Solution (D6) L]

Details of "Frequency Response
=/ scope S 0 0,0007 {rm)
- - L —
\ 0,00035
Geometry 17 Bodies @
(W% e  Y=F |
=l| Definition

e

Coordinate System | Global Coordinate System

Suppressed Mo |
Options 1, 05
Frequency Range |Use Parent

i)

W

Pucynok 46 — Hactpoiika mepBoro pe3yibTrara TapMOHHYECKOTO aHAIIN3a
Jlns 3amycka Ha pacy€T NMEepBOrO rapMoOHMUYecKoro aHanusa Haxmure 1IKM Ha

crpoke Solution u Beidoepute myHkT Solve.

16°. O6paboTKa pe3yabTaTOB IIEPBOTrO FAPMOHUYECKOTO aHAIIHM3A.

Takum 00pa3om, Mo pe3yjbTaTaM PEIICHUS MEePBOr0 TapMOHUYECKOTO aHaIn3a
OyneT mojyyeHa aMIUIUTyAHO-4yacTOoTHas xapakrtepuctrka (AUX) UM MMI' Bhons ocu
BO30YK/I€HHSI TIEPBUYHBIX KOJICOAHUH.

3anuimTe MakcuMalibHOE 3HaueHrne AUX Bl10JIb OCH IEPBUYHBIX KOJICOAHUIA.

Coxpanutre AUX mnepBuuHbIX KojeOanmii. [[ns 3TOro, B pe3ynbrarax MEpBOTO
rapmonudeckoro ananuza JIKM BwiOepute Frequency Response. B pesynbrate sToro
otoOpasutcss AUX. Takxe BHM3Y nosiBUTCS okHO Tabular Data B koTopom 3amucanbl Bce
koopauHatel AUX. Haxkxmute B 3TOM OkHe B 10o00oM Mecte [IKM u Beibepute myHkT Export.

CoxpanuTte (aitn ¢ tTaHHBIMU B TIanike Baiero npoekra.
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17°. Co3pnanue BTOPOro rapMOHUYECKOTO aHANIU3A.
Jlns BTOpOro TapMoHMYeckoro aHaiau3a B Analysis Setting 3amaiite Te ke
napameTphl YTO U JJIS IEPBOTO TAPMOHUYECKOTO aHAIN3a.
B kauecTBe Harpy3ku OyaeT ucnoib3oBaTbes cuiia Kopuoinuca, Bo3aencTByromas
Ha UM MMI Bnoaw ocu uyBCTBUTEIBHOCTH. [laHHas cuia onpeaensercs mo Gopmyre 5.
F=2-m-(wv), (5)
rie m— macca M uccienyemoro MMI paBHast 6,48941-10° kr

@ — yTI0Basi CKOPOCTh BpaIlleHUsT OCHOBaHUS BOKPYT ocu Z paBHas 300 rpaj/cexk;

vV — IWHEWHas cKopocTh aABmwkeHus M, kotopas onpenensercs mo gpopmyse 6.

v="f.a, (6)

rae f — cobcTBeHHas yacToTa Koyiebanuii mo ocu uyBcTBUTEABHOCTH (X) MMI, I'1t;
a, — aMIUINTyJa IEPBUYHBIX KOJIEOaHU, M.

JHobGaBbTe Harpy3ky Force nnsi BTOporo rapmMoHHuYecKoro aHaiausa. Beioepute

NOBEPXHOCTh MPUIOKEHUS CUiIbl F, (TIOJCBEYEHO KPACHBIM LIBETOM) M €€ HAIPaBIICHUE

(KpacHast cTpesika), Kak YKa3aHo Ha pucyHke 47.

“ [E| = Context Multiple Systems - Mechanical [ANSYS Academic Teaching Mechanical and CFD] o [m] x
Home Environment Display Selection Automation Quick Launch ~ @ 0'
D Bcut X Delete | My Computer - g EHE Suamedselection [ Commands (®images™ B oo
I = =
B copy Q Find | Distributed i Coordinate System [ Comment [l Section Plane
Duplicat Sol Analysi Tools | L t
UD_‘CE £ B paste P-,_'.Tree' Cores | 2 o'\re na'ysls (&Remate Paint .T.fChart ﬁAnnotatmn o'a s ay'au
Outline Solve [F} Insert
TG e e R AR AA0RAE OB RS ARA0REA L RARARE 1250 ~1Ox QQ@"\? Dﬁi O'-:—QQ@@ Select'ﬁMode' ET@@@@@’%‘?
Mame Sear
=& Solution (86) A ANSYS
=---{m Solution Information 2020 R2
i, % Total Deformation _

o888 Total Deformation 2 ACADEMIC
i 88 Total Deformation 3
=- /. Harmonic Response (C5)
i s7-0 Modal (Modal)
i Jﬁ Analysis Settings
i /8 Force
B Solution {C6)
m Solution Information
: ‘,& Frequency Response
EI---? Harmonic Response 2 (D5)
“ 720 Madal (Modal)
b M Analysis Settings
.,3{ Force
E--9{&) Solution (D6)
+[5 Solution Information v

Details of "Force”

[=l| Scope
‘ Geometry 3 Faces
= Pefnmten
Type Force
Define By Vector
Applied By Surface Effect
Magnitude oON
Phase Angle [Q.°

Apply Cancel
Suppressed o

Pucynoxk 47 — Ilpunoxenue cunsl Kopruomuca Brnosns ocu X

[TapameTrp Magnitude ycraHOoBHUTE paBHBIM paHee paccunTaHHol cuie Kopuosnuca.
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Co3zpailTe pe3ynbTar A1 BTOPOTO TAPMOHMYECKOTO aHalM3a TaKOM Ke, Kak U JJIs

NEPBOr0 TapMOHHMYECKOTO aHalu3a, Toybko mapamerp Orientation caenaiite paBHBIM

X AXIS, pucyHok 48.
m |E| = Contaxt Multiple Systems - Mechanical [AN5YS Academic Teaching Mechanical and CFD] = ] x
Home Solution Display Selection Automation Quick Launch ~ @l 0'
ID w My Computer - = grlamed Selection E Commands (@ Images~ & G ﬁ % E‘r' E
v Distributed a “ Coordinate system [JComment  [J8Section Plane USER
Duplicats Sal Analysi N Results U Drefined Prob Toolb Chart | Tool Vi
upvlca e Q Cores 2 o'\re na'y5|s #, Remote Point il Chart 5 Annotation es'u : se{;esz;{le rg £ 00' o 'a 0'0 : |e;ws
Cutline Solve Insert
v lOX S ea@e® % O-rQa@@ skdkMde )T AR HB)ED® G DY
MName - | Search Outline | _
8 Total Deformation A ANSYS
80 Total Deformation 2 2020 R2
/8@ Total Deformation 3 > —_—
E-[if Harmonic Response (C5) e ACADEMIC

=0 Modal (Modal)

11 Analysis Settings

@, Force

E--f& Solution (C6)

5] Solution Information
e o % Frequency Response
E-[Y Harmonic Response 2 (DS)
w0 Modal (Modal)

1] Analysis Settings

3
Details of "Frequency Response" == 8ase [
[=l| Scope A 0 0,0008 {m) i
I

ScoEins Method Geometry Selection 0,0004
( Geometry 17 Bodies i

m Se Average Graph
=l| Definition

Type Directional Deformation
—

Orientation X Axis _?
mm Coordinate System
Suppressed Mo

[=| Options 1, 0,5
Frequency Range |Use Parent

W

W £

>

Pucynok 48 — Hacrtpoiika pe3ynbrara aHanusa Jijisi BTOpOro rapMOHMYECKOI0 aHaIN3a
3anmyCTUTE BTOPOM rApMOHUYECKUI aHAIIA3 HA PACUET.
B pesynbrate Oyaer nomyuena AUX UM MMI' Bosib ocu BTOPUYHBIX KOJICOAHUH.
3anuimTe MakCUMAJbHYIO aMIUIMTYyAy nepememienuit A, u3 AYX Boib ocu

BTOPHYHBIX KoJIeOaHUH U dkcropTupyire AUX B (haii.

18°. Onpenenenue uyBcTBUTENEHOCTH I'C 110 OCH BTOPHYHBIX KOJIEOaHMIA.

Jlanee HEOOXOIMMO ONPENENIUTh HAa CKOJBKO M3MEHHUTCS EMKOCTh IIpU
nepemewmiennn MMM Bnone ocu uvyBcTBUTENbHOCTM MMI' mpu BO3AEHCTBUM YIIIOBOM
CKOpoCTH paBHO#M 1 rpan/cek. [Jyist aToro Bocmonb3yiTech nporpammoii MathCad.

ChHavania  ompenensieTcss  3aBUCUMOCTh  OTkKJIoHeHus VMM Bmons  ocu

qyBCTBUTEIBHOCTH OT YIJIOBOW ckopocTtu Al. [lyig 3TOro, HE06X0IMMO MaKCHMaJIbHYIO
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ammuTyny AUX pa3nenuTh Ha COOTBETCTBYIOUIYIO €M YIJIOBYHO CKOPOCTh BpalleHUs

ocHoBanus MUM. Exnunuiia usmepenust M/rpaji/cex.

A=t )

0

rac A2 — MaKCHMAJIbHAA aMIIIUTyJda HepeMGHIGHI/Iﬁ II0 OCHU BTOPHUYHBIX KOHC6aHHﬁ,

nonydenHas Ha mare 17°, m;
@ — YTJIOBasi CKOPOCTh BpaIleHUs OCHOBaHMS BOKPYT ocu Z paBHas 300 rpaj/cexk.

Ha cnenyromem mare Heo0X0IMMO ONpeeauTh HavanbHyto éMkocth C,1'C B1oIb
ocu uyBcTBUTENbHOCTH. Jlanee ompenenure €émkocts C, I'C B ciywae, korga Ha M

BOSIICI?ICTBYCT YIJ10Bass CKOpPOCTBb BpallICHUA paBHAA 1 rpaz[/ cek. Ilocae 3Toro BeIUTUTE M3

C, 3Hauenue C,.

AC =C, -C, (8)

N Ttakum oOpazom Bbl monyuute 4yBCTBUTEIbHOCTH MMI' OTHOCHUTENBHO K

n3MeHeHnto EMkocTu. Enununa nsmepenus d/rpaj/cex.

19°. TToropute maru 17° u 18° nenas yriosyro ckopocTh BpameHus pasHoi 200,

100 u 50 rpan/cek.
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Conep:xanue oTuéra
Llens.
3D-monens rupockomna u3 mporpammel Space Claim.

3D-Mmozens ¢ HamoxeHHou KD ceTkoii.

> w e

Cxpunmot u3 mporpammbl ANSYS Workbench ra xoropom Oynmer oTuéTimBo
BUJTHO KOJIMYECTBO KOHEUHBIX 3JIEMEHTOB U y3JI0B MOJEIH.

5. [TepBrie 3 cobcTBEeHHBIE (DOPMBI M HACTOTHI KoJiebaHui ceHcopa MMI'.

6. ['padux AUX mepBuyHBIX KOJeOaHMI MOCTPOSHHBIH B mporpamme Excel.

7. I'papux AUX BTOpUYHBIX KOJICOAHWUW TMPU YIIIOBOM CKOPOCTH BpaIlECHUS
ocHoBanus paBroit 300, 200, 100, 50 rpas/cex moCTpoeHHBIH B iporpamme Excel.

8. 3HayeHUs YYBCTBUTEJNBHOCTH ceHcopa MMI' mnpu yrioBol CKOpOCTH
Bpamenus pasuoit 300, 200, 100, 50 rpan/cex.

Q. Kakum 00pa3oM MOXKHO MOBBICUTh YYBCTBUTEIBHOCTh ceHcopa MMI™?

10. BeIBogmI 110 paboTe.
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