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WS4.1: Linear Structural Analysis I\N SYS

lNpakTnyeckasa pabora 4.1 S ———

°Llenb.

* Coopka coctouT u3 5 getanen. K pemHro npunoxeHa cuna 100 H:

— Y0epuTbCs, YTO ynpyrue cMeleHus Ha KpbisibyaTtke He npeBbiwatoT 0.075
MM.

— Y6eF|,VITbCﬂ, YTO HanpsAXeHuA B NiactMacCoBOM Koprnyce He npeBbIiluaroT
npeaesibHbIX 3HavYeHun ans MaTepuarna.

ANSYS, Inc. Proprietary February 23, 2009
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WS4.1: Linear Structural Analysis I\N SYS

lNpakTnyeckasa pabora 4.1 T

* Kopnyc Hacoca xecTKo 3akpensieH B coopke. Takoe gonyuieHue
No3BONSsIeT NPUMEHUTb 3aKpenneHne 6e3 TpPeHUs K onopHoun
NOBEepPXHOCTU Kopnyca.

e 3aKpenneHue 6e3 TPeHUA TaKXKe NpUMMeHsaeTca Ansa moaenmpoBaHUs
6ontoBoro coeguHeHus. Ecnm HeobxoanMmo dornee TOYHO BbIMUCIINTDL
HanpsXXeHnUsl B 30He COeAUHEeHUs, crneayeT NPUMEHUTb 3aKpenneHue
cXKaTus.

* Harpy3ka 100 H npuknagbiBaeTcsl K LULKUBY KaK peakuusi onopbl,
Takmm obpa3om MmoaenumpyeTcs nepengayvya Harpy3kum ot pemMHs. Takon
TUN Harpy3Ku No3BONSIET pacnpeaesriuTb CUIy No NOBEPXHOCTHU
KOHTaKTa LWKMBAa U PeMHS1 aHarlorM4HoO 3aKpensieHNo cXXaTus.

*[pun peweHnn ncnornb3yeTca ABa TUMNA JIMHEUHbIX KOHTAKTOB -
CBA3aHHbIN U 60e3 pasaeneHus. BbIOOP KOHTAKTHBLIX YCNOBUN
ABNAETCA BaXHbIM 3TanoM MoAesIMpoOBaHUS.
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WS4.1: Linear Structural Analysis I\N SYS

lNpakTnyeckasa pabora 4.1

Workshop Supplement

o o -
OTKpoOWTEe HOBbLIN NPOEKT. el ct
l B Analysis Systems ’
1. N3 Haﬁopa WHCTPYMEHTOB [24 Harmonic Response (ANSYS)
) Linear Buckling (ANSYS) ¥ A
Toolbox BbIGepuTe u ) Modsl (ansvs) 1
[l Random vibration (ANSYS) 2 | @ Engineering Data S
nepeTawymMTe B OKHO NPOEeKTa ) Response Spectrum (ANSY) / 218 e 2
Static Structural system. 1. mﬁ T 4 @ ol T
Steady-State Thermal (ANSYS) S _@ Setup &
() Thermal-Electric (ANSYS) 6 @ Solution 2
Bzl Transient Structural (ANSYS) 7 @ Results 2

Ezd Transient Structural {(MBD)
!E Transient Thermal (ANSYS)
IE] Component Systems ‘

2. NKM > Import Geometry s

v v A&
3arpysute chann ,
«Pump_assy3-x_t». 2 | @ Engineering Data v A
3| @ ce —
. : a . New Geometry...
= a ol Import Geometry » m Browse... 2.
3. [ABOWHBLIM KNTMKOM OTKpoOUTe AnA 4 —
b 1
pepakTupoBaHua a4yenky Model. 2| @ Enorcerigoae v,

OTkpoeTca okHo Mechanical.

6 @% Solution 2
7 @ Resuls 2
Static Structural (ANSYS)
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WS4.1: Linear Structural Analysis I\N SYS

lNpakTnyeckasa pabora 4.1 T

5. YcTtaHoBuUTe cUCTEMY eaAUHUL, U3MEePEeHUSR: | brits TL :'D I 0)1 sove ~ 1
1 Metric {m, kg, M, s, V, &
e Units > Metric (mm, kg, N, s, mV, mA). 2 -
. v Metric {mm, ka, M, s, m¥, ma)
6. [Nob6aBbte matepuan Polyethylene B pasgen L[—Met,ic(mm,t, TN
Engineering Data (Heo6xoaMMoO BepHYTbLCSA K L :::fzg:’:':;t;::*:’:";n;”
OKHy WOrkbenCh): U.5. Customary (ft, lbm, Ibf, °F, s, ¥, &)

.5, Customary (in, lbm, Ibf, °F, s, ¥, &)

a. J1BOMHbIM KIIMKOM OTKpouTe fA4enkKy Engineering §Foegrees
Data. Radians

b. W3 6ubnuoteku General Materials BbiGepute rads
Polyethylene n HaxxmuTe «+». B

[7 Celsius {For Metric Systems)

e oirie -
5 & Kelvin {For Metric Systems)

A A

= )
v B
=) 3
I8 7= Static Structural (ANSYS) 1 Data source ’ / Location Des
d. [2 Q Engineering Data v 2 ¥ FooineerinoData A2 Contents filtered for Static 5
3 |3 Geometry v 4 3 @ ceneral Materials (]| & General use material samples
4 e Model ) 4 4 @ General Non-linear Materials [:l & General use material samples
o o
S @ Setup ? < _ | il
6 Q:j Solution 2 of General Materials : B - X
4 = -~
7 @ Results 1 = A BRlES D e 2
. 1 Contents of General Materials = | add | 5. Descripti
Static Structural (ANSYS) ;
9 Polyethylene op p ‘ C.
b' & Refresh Project  / Update Project ﬁ]lmport... ‘@Retum to Project
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WS4.1: Linear Structural Analysis I\N SYS

lNpakTnyeckasa pabora 4.1

Workshop Supplement

A . v A - =
6. OOHoBuTe A4enKy Model: S @ Edi..
‘ =3  Duplicate
a. [1KM > Refresh. 2 @ Engineering Data '
3 VB ceametry o Transfer Data To New »
4| @ Model &, /7 Update
e Setup @ /& Refresh 6a.
6 @ Solution @ Clear Generated Data
7 9 Results 2 Reset
Static Structural (ANSYS) B8 Rename
Properties
* BepHutecb B okHO Mechanical. Quick Help

=l &) Model (A4)

7. WN3MmeHnTe maTepwuan Koprnyca Hacoca =8
(Part 1): .,.ﬁfﬁ —

b. Model > Geometry > Part 1. __

c. B okHe HacTpoek BbibepuTe maTtepuan Details of "Part 1"

Graphics Properties | 7 b .
POIyetherne- Definition
[=l|Material
Nonlinear Effects Yes % Polyethylene |
TP ST e e T ™
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WS4.1: Linear Structural Analysis I\N SYS

lNpakTnyeckasa pabora 4.1

Workshop Supplement

e HasHaybTe TUN KOHTaKTa Ons nepBbIX

i}
yeTblpex obracten KOHTaKTa - 6e3
pa3geneHusn (No Separation):
a. YpepxuBas knasuwy shift, Boigenure
nepBble 4 NO3NLUN B CMTUCKE KOHTaKTOB. O
"iK Contact Region 7
b. B OKHe HacTpoek BbioepuTe B CIUCKE TUMNOB A s
KOHTaKTa - 6e3 pa3geneHus (no separation).
 OcTanbHble KOHTAKTbl B CMINCKEe OCTaHyTCAHA Nno Detsai'sc'f"””"‘ﬂ'e59'ﬁ°”°"" s
- Scope
yMos4yaHuio cBa3aHHbIiMU (bonded). b, | [sepevethes [Geomeiry Seecton
o T
%F’;ioro : Mo Sepération I .
Suppressed Rough
=l Advanced [Frictional
Formulation Pure Penalty
Normal Stiffness Program Controlled
Update Stiffness Never
Thermal Conductance | Program Controllej:l
Pinball Region Program Controlled
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WS4.1: Linear Structural Analysis I\N SYS

lNpakTnyeckasa pabora 4.1 T

* MpunoxuTte aasneHue onopsbl (bearing load): P

: = & Model (A4)
a. Bblaenute B gepese npoekTa pasgen Environment. _U @';eomew

b. Bblaenute NOBEPXHOCTb LUKUBA. 24 Coordinate Systems

l ,/Qa Connections
c. BknrounTte B oepeBO NpoekKkTa AaBrieHMe onopbl
(bearing load): - "RMB> Insert > Bearing Load "
El 7:_] Solution {A6)

d. B OKHe HaCTpoeK BBeaAUTe BeanMHy CUJibl B norie d. -/ #] Solution Information
Components X =100 N.

&} Acceleration

1 \_UIIIPUI LL=1 B LS = P b}

Insert c
N @.‘ Pressure

G, Hydrostatic Pressure Details of "Bearing Load" d . o

5, Force = SCODE ‘

Scoplng Method Geometry Selection |

jGeometry 1 Face \

Define By Components \

@ Joint Load ‘Type \Beanng Load [

S, Fluid Solid Interface 1% Component 100.N ‘

|

\

@, Fixed Support

I Z Com onent U N
@, Displacement: P

. Suppressed 'No

@}, Remote Displacement
ff‘g Frictionless Support

@, Compression Only Support
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WS4.1: Linear Structural Analysis I\N SYS

lNpakTnyeckasa pabora 4.1 T

10. 3apawuTe 3akpenneHue 6e3 TpeHusa (frictionless support):
a. Bblgenute onopHyo NoBepxXHOCTbL Kopnyca (part 1).
b. MKM > Insert > Frictionless Support.

@ Acceleration
& Standard Earth Gravity
@, Rotational Yelocity

G, Pressure

R Hydrostatic Pressure
&, Force

% Remote Force

€5, Bearing Load

"wﬁ Bolt Pretension

% Moment

@ Joint Load

G, Fluid Solid Interface

Gf,, Fixed Support
3, Displacement

G, Frictionless Support

B Compression Only Suppor
Q?,, Cylindrical Support
'3;, Elastic Support

E- commands
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WS4.1: Linear Structural Analysis I\N SYS

lNpakTnyeckasa pabora 4.1

* 3apaunTe 3aKkpenneHue 6e3 TpeHUs AN KOHMYECKUX NoBepxHocTen 8
MOHTaXHbIX OTBEPCTUMN.

* BbibepuTe ykasaHHble NOBEPXHOCTU MHAUBUAYANBLHO, YAePXUBas KnaBuLLy
CTRL, unu ogHOBpPEMEHHO C UCNonb3oBaHUeM (hyHKUMUM BbIOOpa nNo
pa3mepy. Bo BTopomM cny4yae BbiOepuTe nepByro NOBEPXHOCTb U 3anycTute
MaKpoC ANA NOUCKa BCeX NOBEPXHOCTEN TAaKOro Xe pa3mepa. ATOT MaKpoc
paboTaeT Takxe ¢ pebpamu U TBepAbLIMU TeNnamMmu.

Workshop Supplement

ANSYS, Inc. Proprietary
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WS4.1: Linear Structural Analysis I\N SYS

lNpakTnyeckasa pabora 4.1

Workshop Supplement

* Bbigennte ogHy KOHMYECKYH NOBEPXHOCTb.
3anycTute Makpoc Oonucka o pasmepy:
a. BblOepuTe ogHy U3 NOBEpPXHOCTEMN.

b. Bbibepute Tools > Run Macro . .. U Hangute
nanky

C:\Program Files\ANSYSInc\v120\AISOL\DesignSpace\DSPages\macros

c. OTtkpoute chbaun «selectBySize.js» |

ook e [| 1 15 b & |

™
c' n:I‘._fjmacros L] & Bk E- b.
@AdaptiveSolve.js RemovelnverseDuplicateFaceE

blockSoIverMessages.js
@lCreateMeshControlForCnntactFaces. is
\ CreateMeshControlForContactVertices. js
‘CreateNarnedSe]ectionsFromContacts.js

Solve Process Settings...
Parameter Manager...

=

Y I\_

[ = e ateFaceEd
” g]EngineeringChecker.js SetEquaILegend.js Addins...
Desktop B exitaftersolve. js [BlshowFileversionMacra. js ;
: [BlexportTreensxL.js [BlsuppressalBodiestutonConta @ Options...
J |B|FindContactsAttachedToParts.js \Yariable Manager
ySE e F§|FindFreeStandingPavtsInTree.js
[BlFindpartswithhoContacts.js i i i
EFixMesh.js

|Blloadremotereslts. js
manual_unpack.js
NameContactsByParts.js

My Computer

‘T"’ ! [S | 10} [>]
My Network  File name: selectBySize.js A Open I d
Places l _] -
Files of type: IAII script files [*.vbs;"js) L[ Cancel
Z

ANSYS, Inc. Proprietary February 23, 2009

Inventory #002594

© 2009 ANSYS, Inc. Al rights reserved. WsS4.1-11



WS4.1: Linear Structural Analysis I\N SYS

lNpakTnyeckasa pabora 4.1 T
12. Ko Bcem BbIOpaHHbLIM MOBEPXHOCTAM Wit PR
npUMeHUTe 3aKpensieHne 6e3 TpeHus Lw e 1

(frictionless support): (8, Displacement

a. TKM > Insert > Frictionless Support” '
®_Q Frictionless Support
0, Compression Only Support

%, Cylindrical Support

LA Simply Suppaorted

s = .'.“-'" "-"y =P
v, Flxed Rotation

@;, Elastic Support

ANSYS, Inc. Proprietary February 23, 2009
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WS4.1: Linear Structural Analysis I\N SYS

lNpakTnyeckasa pabora 4.1 T

* Pe3ynbTraTtoM 0eUCTBUA Bbllle ONMCAaHHOIoO MakKpoca AABnseTcA
aBTOMaTU4eCKMUN BbIOOP BCeX NOBEPXHOCTEN OAMHAKOBOro pa3mepa.

* Makpoc acdhdekTnuBHO paboTaeT B bonbLunMX cOopkKax, roe BbIOOp
OONbLIOro Yncna oaNMHaKoOBbIX MOBEPXHOCTEN MOXET 3aHATb MHOIO
BPeMeHMN.

* Mpn ncnonb3oBaHUU MaKpoca yoeautTecb, YTO He ObINKN BbIOpPaHbI
«JINLLHNEe» OO BbEeKTbI.

* B nanke MakpocoB coaepXaTtcs u apyrme makpocbl. Makpochl
HanucaHbl Ha Jscript, X MOXHO OTKPbITb U NPOCMOTpPETL B NTFOOOM
TEeKCTOBOM peAaKTope.

ANSYS, Inc. Proprietary February 23, 2009
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WS4.1: Linear Structural Analysis I\N SYS

lNpakTnyeckasa pabora 4.1 T

Outline o
1 H [=T] Project
13. B okHe HacTpoek pa3gena Analysis Settings S et
- B Geomet
U3ameHuTe 3HaveHune B norne Weak Springs L comecine
& Mesh
(cnabble npyxunHbl) ¢ Program Controlled Ha 13 Statc tructurl
. /N Analysis Settings
Off 7, Bearing Load
" ‘/@Q Frictionless Support
- /&3 Solution
4] Solution Information
KoHmakm, DS uHuyuupyem ucrnornb308aHue criabbix npy>XuH rpu =/ Step Controls I
humber OF Steps 1.
peweHuu. Ecriu moderib HalexHO 3aKperisieHa, 3my yHKYUHo Conert Stp b 1
MOXHO omkmtodums. Omkrirodasi criabbie rpyxXuHel, ybedumecs, StepEndTime |15
4ymo ABUXKEHUE KOHCMPYKUUU UCKITIOYEHO. B MpomusHOM criy4ae |Auto Time Sepping _[Program ontrolled
= Solver Controls
peweHue He bydem cxodumabcHi. (o T orogram Controlled
[WeakSpmgs i brogram Controlled

14. 3anyctuTe pelueHue

14.

| Solve
iolution” =/ Evaluate All Resdrs

re Mesh Refiner _

nement Loops | 1. ;:j Create Modal Analysis with Pre-Stress

2t Depth 2 LQJ Create Buckling Analysis with Pre-Stress

2 Clean
| @b Rename

ANSYS, Inc. Proprietary February 23, 2009
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WS4.1: Linear Structural Analysis

NANSYS

Workshop Supplement

lNpakTnyeckasa pabora 4.1

a. Bblaenute pasgen solution

b. [Ona nob6aBrneHUA 3KBUBaJIeHTHbIX HaNpPsXXeHNN BOCNONb3yUTeCb
naHenb MHCTPYMEHTOB UK

NKM > Insert > Stress > Equivalent (von-Mises)

15. BknrouuTe B AepeBO NPOeKTa pacyeTHble pe3yrnbTaThbl:

c. Job6aBbre nonHyr aecdopmauuto (Total Deformation).

Solve again.

—  0obasrneHue pe3ynbmamos He mpebyem OornonHUMeribHbIX 8bl4UCHeHUl. Pe3yrnbmamabl
coxpaHstromcs 8 6asze 0aHHbIX U 3arpoc pesyribmamos mpebyem morbKo 06HO8MEeHUS.

JSolution @C,Deformation » B strain

€, Probe ~ @) Too

| Unit Conversion  Acceleratior b

Outline "5

‘=] Project
= @ Model
[+ ,/@ Geometry
[+ ,/Qﬁ Connections
._.,4@ Mesh
= =] static Structural
‘//:'\‘ Analysis Settings
/Q,, Bearing Load

upport

a. = ~|&3| Solution

omtion Informs

ANSYS, Inc. Proprietary
© 2009 ANSYS, Inc. All rights reserved.

% Maximum Principal
@ Middle Principal
@0. Minimum Principal
@ Maximum Shear
@0- Intensity

@ normal

@0, Shear

B3 vector Principal

$°‘ Error

Il
init Cont 'S4, Total

utline | B4, Directional

WS4.1-15

&) Pro}®, Total vel
| =
= /=] Static Structural
I Analysis Settings
,/Q; Bearing Load
" Frictionless Support

Solutio !@doeformation v be Strain v @0- Stress ‘

v 0

-l _,-.:}Ol Solution

M Equivalent Stress
/% Total Deformation

| ¥] Solution Information

February 23, 2009
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WS4.1: Linear Structural Analysis I\N SYS

lNpakTnyeckasa pabora 4.1

Workshop Supplement

* 1o OKOHYaHMU pacyeTOB MOXHO BbIOpaTb pacyeTHbIe NnapamMeTpbi B
aepese npoekTa Ans npocmoTtpa. MoXXHO NpocMoTpeThL
pacnpegeneHue pacyeTHOro napameTrpa B LilefloM No coopke, HO
YPOBEHb HanpsiXXeHUM B oTAeNbHbIX AeTansax pasnu4yaeTtcs.

Time: 1
2/15/2007 2:38 PM

Time:1
2/1512007 2:37 PM

0.038284 Max
0.034041
0.029797
0.025553
0.021309

— 0.017065
0.012822
0.0085777
0.0043339
9.0085e-5 Min

2.4017 Max
2.1348

0.5337
0.26685
=4 3.8184e-9 Min

ANSYS, Inc. Proprietary
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WS4.1: Linear Structural Analysis I\N SYS

lNpakTnyeckasa pabora 4.1 T

16. MoXHO npocMoTpeTb pacnpeneneHue
pacyeTHOro napameTpa B OTAEeNbLHOU AeTanu:

a. BolaenuTe pasgen "Solution' B pepese npoekra
u BbIOepuTe nukTtorpammy "Body" B
MHCTPYMEHTAaX .

b. Bbibepute KpbinbyaTky (part 2).
c. NMKM > Insert > Stress > equivalent (von- Mises)

* B OKHe HacmpoekK yKasaHo, 4mo pacdyemHhblil napamemp
3adaH 0r1s1 00Ho20 meepdo20 mena -1 Body

17. [NobGaBbTe nonHyto aecdopmaumio - "Total S
= " A ¥] Solution Information
Deformation"” ans KpbINLYaTKMy. - 8 Easvalr v
18. [NobGaBbTe HanpskeHUA U aedopmaumio Ans " Coraidensesz o)
Details of "Equivalent Stress 2" a2
kopnyca (part1). =

Display Time |End Time

\
SRR e _ \
Type | Equivalent {von-Mises) Stress ‘
= Results \

| Minimum |
||| Maximum |
[#| Information

ANSYS, Inc. Proprietary February 23, 2009
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WS4.1: Linear Structural Analysis I\N SYS

lNpakTnyeckasa pabora 4.1 T

19. TlepenmeHynTe BHOBb CO3[laHHbIe pe3ynbTaThbl
a. KM Ha cToke pe3ynbraTta > Rename

b. BBeaute HOBOe Ha3BaHUe, YTOOLI ObLINO NpoLle pe3nnyaTb
pe3ynkraTthbl ANA Pa3HbIX Tes

/B el == ' —

M Impellel  Insert 4
M Impelle| =/ Evaluate All Results i e 2
M Housing  Eyport =} .,;;:.@ _Sglu_hgr!
/& Housing - i ._;;:ﬁ] Solution Information
] @] Create Modal Analysis with Pre-Stress : @ Equiv alent Stress
\ |§| Create Buckling Analysis with Pre-Stress v .
otal Deformat - Total Deformation
e
| B? Duplicate Mg Impeller Stress
i B2 ~ .
:nif\ EW b. || M5 Impeller Deformation
‘ ut : :
— /%3 Housing Stress
ime £ <] Clean - /M3 Housing Deformation

X Delete
. []i o Rename
|4 a[b Rename Based on Def-inition

- - D

20. 3anycTtuTe pelueHue

February 23, 2009
Inventory #002594
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WS4.1: Linear Structural Analysis I\N SYS

lNpakTnyeckasa pabora 4.1 T

* AHaNn3 KpbIfib4aTKU NOKa3bIiBaeT, YTO MaKCUMalibHble CMELLUeHUs B
aetann 0.026 mMm, 4YTO MeHbLe 3apaaHHoro npeaena 0.075 mm).

0.013321
— 0.010675
— 0.0080289

4 0.0053826
0.0027364
9.0085e-5 Min

ANSYS, Inc. Proprietary February 23, 2009
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WS4.1: Linear Structural Analysis I\N SYS

lNpakTnyeckasa pabora 4.1 T

* AHanun3 Hanpsi>XxeHMN B Koprnyce NoKa3bIBaeT, YTO YPOBEHb
Hanps>XeHUn HNXxe npepgena tekyvyectn 25 MlMa. MakcumarnbHble
HanpsXXeHUs oOHapyXeHbl B 001aCTU MOHTaXHbIX OTBEPCTUMN,
KOTOpble He NpeaAcTaBrAT UHTepeca B AaHHOMU 3apave.

A: Static Structural (ANSYS)
Equivalent Stress 2

Type: Equivalent {von-Mises) Stress
Unit: MPa

Time: 1

2110/2009 3:14 PM

—. 0.65052 Max
0.57837
— 0.50622

: Automnatic |

0.36191

0.28976
0.21761

0.14546
! 0.073305

0.0011529 Min

ANSYS, Inc. Proprietary February 23, 2009
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WS4.1: Linear Structural Analysis I\N SYS

lNpakTnyeckasa pabora 4.1 T

* MOXXHO OorpaHu4YUTb 0OGNacTb BbiIBOAA pacyeTHOro napameTtpa
npo6nemMmHoun 3oHoun. [in A atoro Bbiagenute pasagen "Solution” B
AepesBe nNpoeKkTa u HaxXmMmuTe nukrorpammy "Face" B rpadomnyeckmnx

—

MHCTPYMeHTax BblGopa. B ® @

-~ -

* BbibepuTe 5 noBepxHOCTEN NPOONEeMHOM 30HbI ANA Kopnyca (part 2).

ANSYS, Inc. Proprietary
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WS4.1: Linear Structural Analysis I\N SYS

lNpakTnyeckasa pabora 4.1 T

e lo6aBLTEe 3KBMBANEHTHbIE HaNPAXeHUsA B CNIUCOK
pacyeTHbIX NapamMmeTpoB:

- [IKM > Insert > Stress > equivalent (von Mises)

* B OKHe HacTpoeK yKa3aHo, YTO HOBbIN
napameTp BbIBOAUTCA AJ1A 5 BbIOpaHHbIX e

Geometry S Faces
NoBEepPXHOCTEMN. o '
Type Equivalent {von-Mises) Stress
E Results
Minirmum
Maxirmum

* BbiObepuTe elwe ogHy NOBEPXHOCTb
U NOBTOpUTE Npeablayline oeNcTBUS.

ANSYS, Inc. Proprietary February 23, 2009
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lNpakTnyeckasa pabora 4.1 T

* [MpocMoTpUTE pacyeTHble pe3ynbTaThbl.
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© 2009 ANSYS, Inc. Al rights reserved. WS4.1-23 Inventory #002594



