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1. Ilpouecc MoeTMpPOBaHUsI C HCIOJIb30BaHMeM ANSYS
Workbench/LS Dyna njisi sBHbIX BHIYHCJIEHHIA.

1.1. CTpykTypa, onucaHue NporpaMmsbl

[Tporpamma LS-DYNA B ANSYS WORKBENCH mnoakmtouaercs
npu nomoru ACT pactmpennst Workbench Is-dyna. Hauunast ¢ 19-i Bep-
cun ANSYS naHHBIM MOJyJIh BXOJWUT B CTaHJAPTHOE OOECIIEUEHHUE U HE
TpeOyeT OTAeNbHOM 3arpy3ku u3 6a3sl npunoxeHuit ACT.

JlanHOe paciimpeHue mo3BOJISIET penaTh 3aa4i TUHAMHUKA B SIBHOU
nocraHoBke ¢ momoribio LS-DYNA B cpene Ansys Workbench. Hacrpoii-
ka mozaenu LS-DYNA u npocMOTp NoOydeHHBIX pe3yJbTaTOB pELICHUs
BBHITIOJIHSIIOTCA B TpaduuyeckoM HHTepdeiice aHaIOrHYHOM HHTEepdeiicy
ANSYS Mechanical.

[IpeumytiecTBa pabOThI B JaHHOM UHTEp(deiice:

- UMIIOPT TEOMETPUUECKUX MOJIeJIei U3 OOJIBIIMHCTBA COBPEMEHHBIX
CAD-nakeToB;

- «4HCTKAa» W UCHPABJIICHUE TEOMETPHUH JJIsl TOCTPOCHHS Ka4eCTBEH-
HOU CETKH;

- MapaMeTpu3aIis MOICIH;

- MOIIHBIA CETOYHBIM PEIaKTOpP ¢ MHOKECTBOM THMOKHX HACTPOCK U
byHKIUI;

- CO3JITaHUE CETOK B MapAIICIIbHOM PEKUME;

- BBITMIOJTHEHUE PACUETOB B MapalJICIbHOM PEKUME;

- IMIUPOKHUE BO3MOKHOCTH 10 00pabOTKE pe3yIbTaTOB

Pemarenem ANSYS LS-DYNA mnoanepkuBaeTcs TOJHBIM HabOp
KOMAaH/JI, OINHCAHHBIX B PYKOBOACTBE mnoisb3oBarens LS-DYNA Bepcumn
971. Omnako B rpaduyeckoM HHTepdeice pacuupeHus MNpeCTaBlIeH
OrpaHWYCHHBIM HaOOp HamboJiee YacTO HCMOJIB3YEeMBIX KOMaHJ, HEoOXo-
JUMBIX JJ1s1 OOJILITMHCTBA pacyeToB. B OCHOBHOM 3TO pacyeThl, CBSI3aHHBIC
c aedopmupoBanueM TBepAbix Ted. CyliecTByeT BO3MOXKHOCTH MO OIpe-
JICIICHUIO0 KOHTAKTOB, HAYaJbHBIX W TPAHUYHBIX yCIIOBHM, Harpy30K, KOH-

TPOJIIO KOJIMYCCTBA TOYCK MHTCTPUPOBAHUA B 3JICMCHTAX, HaCTpOﬁKe dHa-
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Jau3a, a Takke KOHTpoiro 3ddexra hourglass. Kpome Toro, moyib3oBaTeiu
MOT'YT JOTIOJIHATH BBIXOJIHOW KOMaHIHBIN (paitil COOCTBEHHBIMHU KITHOUEBHI-
MU CJIOBAMHU.

Oo6nactu npumenenus Ansys Workbench/LS-Dyna:

- TEXHOJIOTMYECKHUE MPOIEcChl IePOopMUpOBaHUS TBEPABIX TEI M
npo1ecchl 00pabOTKU METAJUIOB JIaBJICHUEM;

- HU3KOCKOPOCTHBIE yAapbl U pa3pylieHus] KOHCTPYKITUH;

- OaymucTUKa OOEITPUIIACOB U CPEJICTB MOPAKEHUS,

- TECThI Ha NaJEHUS (IPON-TECTHI).

[To monensm marepuwana mporpamma Ansys Workbench/LS-Dyna
y>K€ MMEET BCTPOEHHBIE MOJEIM C KOHCTaHTamH (mapametrpamu) (Oosee

200 maTepuanos).

1.2. Ilpexnpoueccop Ansys Workbench

Ansys Workbench nonnepxuaer o0ObeMHbIe, 000J0UeUHas1, 0aI04-
HBIC M PY>KUHHBIC THITBI 3JICMEHTOB.

[TogpoOHO MPO THIBI AJIEMEHTOB OMMCAHO B MEPBOM yacTu. B maH-
HOM YacCTH OIHCHIBACTCS CITOCOO OMpENeTICHUS THIIOB 3JIEMEHTOB TpHMe-
HUTEIbHO K mporpamme Ansys Workbench/LS-Dyna

Jlns BeiOopa mporpammbr Ansys Workbench/LS-Dyna tpeOyertcs
BiroueHus: pacmupenue LS-DYNA (mompoOnasi mocienoBaTenbHOCTh
NEHUCTBUM NMpUBEICHA B IPUMEPAX).

B pesynbrare nosisisiercst okao Workbench LS-DYNA



v A

8l K. Workbench LS-DYNA

2 @ Engineering Data
3 0 Geometry- T 4-
4 @ Model ?
5 @ Setup f’ 4
6 % Solution ? 4
7 9 Results & ‘

Engineering Data — ompenencuue
napaMeTpoB MOJIEIICH MaTepHaia;
Geometry — co3iaHue reoMeTpuu B
nporpamme Design Modeler wnm
SpaceClaim;

Model, Setup, Solution — ompene-
JIeHWe TapaMeTpoB MOIEIUPOBa-
HUS MCIIONB3Ys mporpamMmy ANSys
Mechanical,

Results — mpocmoTp pesynbraToB

MOACIUPOBAHUA.

1.2.1. Tunsl DIEMEHTOB.

1.2.1.1. OOBEMHBIE DIEMEHTHI

[TpucBoenwue coiicTB ais SOlid reomMeTpun OCyIIECTBIIETCS KOMaH-

nou

Project — Model — Geometry — Solid

Details of "Solid"

[+| Graphics Properties

[=!| Definition

Suppressed | No

Stiffness Behavior Flexible
Coordinate System Default Coordinate System

'Reference Temperature | By E;/ironment

Reference Frame | Lagrangian

[=1| Material

Assignment |Structural Steel

[+/| Bounding Box

¥
[+/| Properties

it
[+]| Statistics

JlaHHOE MEHIO TTO3BOJISICT BHIOPATH:




Stiffness Behavior — nosenenne matepuana (Flexible nau Rigid).

Assignment — BeIOOp MOJIe)IM MaTepralia JJis JaHHON reOMETPHH.

Jns onpenenenus napamerpa Hourglass ucmonb3yercs cieayromas

KOMaH/1a:

Project — Model — Workbench LS-DYNA — Hourglass control

Details of "Hourglass Control”

-/ Geometry
Scoping Method ‘Geometry Selection
‘Geometry .2 Bodies
=1 Definition
Hourglass Type | Exact Volume Flanagan-Belytschko Stiffness
LS-DYNAID 5
- ‘Coefﬁcients '
Hourglass :0,05

Quadratic Bulk |0
Linear Bulk 0

Hourglass Type — tun konTpoJis napamerpa Hourglass.

Hourglass, Quadratic Bulk, Linear Bulk — Koaddummentsr Hourglass.

1.2.1.2. O0o0m0YEeUYHBIE PIIEMEHTHI

[IpucBoeHnEe CBOMCTB JIJIsI IJIOCKOCTHOM FN€OMETPHUM OCYILIECTBIISICTCS

KOMaH/IOMH.

Project — Model — Geometry — Surface Body




Details of "Surface Body" a
+ Graphics Properties
= Definition

Suppressed No

Stiffness Behavior Flexible
Coordinate System Default Coordinate System
Reference Temperature | By Environment
0,1 mm

Thickness Mode Manual
Offset Type Middle

-I| Material
Assignment New steel

+ Bounding Box

+ Properties

+/| Statistics

=|| CAD Attributes
DMSheetThickness 0

JlaHHO€ MEHIO MO3BOJISIET BHIOPATH:

Stiffness Behavior — moBenenne matepu-
ana (Flexible uimu Rigid);

Thickness — ronmuny 3neMeHTa;

Offset Type — BbBIOOp IUIOCKOCTH
(Middle, Top uau Bottom);

Assignment — BeIOOp MoOzCIIM MaTepHaa

JJTA TAHHOW T€OMETPHUH.

Takxe MOKHO MCIIOJIb30BaTh AOIMOJHUTCIBHBIC 3JICMCHTHI YIIPpaBJIC-

HUS POPMYJTMPOBKO# 31eMeHTa 1 KoHTposiem Hourglass:

Project — Model — Workbench LS-DYNA — Section

-1| Geometry
Scoping Method Geometry Selection
Geometry 1 Body
=I| Definition
ALE No
LS-DYNAID 2
Type Section Shell

Through Thickness Integration P...| Program Controlled

Formulation — BEIOOp 2iIeMEHTHOM

bopMyITUPOBKH;

Through Thickness integration —
KOJIMYCCTBO TOYCK MHTCTPHUPOBAHNA

10 TOJIIIIUHE.

Project — Model — Workbench LS-DYNA — Hourglass control

Details of "Hourglass Control”

-/ Geometry
Scoping Method | Geometry Selection
Geometry |2 Bodies

-1| Definition

Hourglass Type Exact Volume Flanagan-Belytschko Stiffness
LS-DYNAID 5
-1| Coefficients
Hourglass 0,05
Quadratic Bulk |0
Linear Bulk 0

Hourglass Type — tum KoOHTpoJis
napametpa Hourglass;

Hourglass, Quadratic Bulk, Linear
Bulk — Kosddunmentsr Hourglass.




1.2.1.3. bBanouyHsble 3JIEMEHTEHI

[IprucBoeHuEe CBOMCTB Jisl OAJIOUYHON F€OMETPUU OCYIIECTBIISIETCS

KOMaHOMH.

Project — Model — Geometry — Line Body

Details of "Line Body"

i1

+ | Graphics Properties
=/ Definition

Suppressed No
Stiffness Behavior | Flexible
Coordinate System Default Coordinate System
Reference Temperature | By Environment
Offset Mode Refresh on Update
Offset Type Centroid

=I| Material

Assignment mat

+| Bounding Box
+ | Properties
+|| Statistics

JlaHHOE MEHIO MO3BOJISIET BHIOPATH:

Stiffness Behavior — nosenenue mare-

puaina (Flexible umu Stiff beam);
Thickness — Tonmuny 3aeMeHTa;

Offset Type — Bujg Oankwu;

Assignment — BeIOOp MoJIeIM MaTepHa-

J1a TSl JAHHOM T€OMETPHH.

Bb100p 311€MEHTHBIX (POPMYIHPOBOK /17151 OATOYHBIX 3JIEMEHTOB

OCYIIECTBIISIETCS CIEAYIOIIEH KOMAHOM:

Project — Model — Workbench LS-DYNA — Section

Details of "Section”

11

-/l Geometry

Scoping Method | Geometry Selection

Geometry
-!| Definition
ALE

1 Body

No

Program Controlled

LS-DYNAID
Type

0
Section Beam

truss, cable).

JI71st moCcTpOeHUST KPYTIIBIX 0aJIOK TaK)KE€ MOXKET MCIOJIb30BATHCS KO-

MaHa.

Project — Model — Connection — Beam

Formulation — BeIOOp dopmymnu-

poBKH OayiouHoro 3ieMenta (beam,




+/| Graphics Properties

Coordinate System

Reference Location

Coordinate System

=| Definition
Material Structural Steel
[ Cross Section Circular
Radius .1, mm
Suppressed No
Beam Length 24709 mm
-| Scope
|| Reference
Scoping Method Geometry Selection
Applied By Remote Attachment
Scope 1 Face
Body

Global Coordinate System
Reference X Coordinate | -11585 mm

Reference Y Coordinate | 7745, mm

Reference Z Coordinate |0, mm

Click to Change

Behavior Rigid
Pinball Region Al

=I| Mobile
Scoping Method Geometry Selection
Applied By Remote Attachment
Scope 1 Face
Body

Global Coordinate System
Mobile X Coordinate 13102 mm

Radius — paguyc 6ankw,

Behavior — sxectkas nnm nedopmu-

pyemas Oanka,

Body — koHeuHbIE Y3711 OATTKH.

1.2.1.4. JTuckpeTHbIE 3JIEMEHTHI

K JAUCKPETHBIM 2JICMCHTAM OTHOCATCS IIPYKUHHBIC 9JICMCHTHI 1

nemrdepsl.

[ToBeneHne npy>KuUH TOJBKO JUHEHNHOE U MOICPKUBACTCS IIPEABA-

PUTENBHOE HATPYKEHUE.

I[JISI NOCTPOCHUA JUCKPETHBIX 3JICMCHTOB HUCIIOJIB3YCTCA KOMaHa.

Project — Model — Connection — Spring

Details of "Longitudinal - Multiple To Surface Body"

-| Definition

Type

Spring Behavior

‘ Longi{udinalstiffness
Longitudinal Damping [

Preload

Suppressed

‘Spring Length

A Longitudinal

Both

'10, N/mm

20, N:s/mm
None
No

[12679 mm

Longitudinal Stiffness — sxecTkocThb

MIPY>KUHBI,

Longitudinal Damping — BeauunHa

nemiupoBaHuS,

Preload — nannuue npeanarpysxe-

HMH:.




1.2.2. Moaenu MaTepHalioB.

[Mporpamma ANSYS Workbench LS-DYNA (6e3 BkiIodeHHS OT-

JACJIBbHBIX KIHOYCBBIX CJ'IOB) MOAACPIKNBACT HC BCC MATCPHAJIbl JOCTYIIHBIC B

LS-DYNA.

Jlns1 onpeneneHus Mojeaeld MaTepualia UCIOJb3yeTcs 3akiaaka En-

gineering Data oxue Workbench LS-DYNA. Jlns BBoma TpeOyeMbIX mapa-

METPOB, KOTOPBIMU OyAET XapaKTepH30BaTbCAd BbIOMpaeMas MOJEIb, HUC-

nosb3yercs 3aknanka Filter Engineering Data (BeiOpaHa 1Mo yMOJYaHHMIO).

[TapameTpsl npecraBicHsb B manean 100IboX (ciesa).

‘ B Physical Prgpems

@
%3 pamping Factor (a)
%8 Damping Factor (B)

| B LinearElastic

2]

$4 orthotropicElastidty
48 AnisotropicElastidty

‘ B Hyperelastic Experimental Data

$4 Uniaxial Test Data
$A Biaxial TestData
©4 shear Test Data
%4 Volumetric Test Data

1 B Hyperelastic

%4 slatz-Ko

$4 Mooney-Rivlin 2 Parameter
$4 Mooney-Rivlin 3 Parameter
8 Mooney-Rivlin 5 Parameter
%4 Polynomial 1st Order

Ta Polynomial 2nd Order
A Yeoh 1stOrder

%8 Yeoh 2nd Order

©4 Yeoh 3rd Order

$8 ogden 1stOrder

E] Ogden 2nd Order

%8 ogden3rd Order

Physical Properties — ¢pu3nueckue cBOHCTBA: TIOT-

HOCTh ¥ MIapaMeTpbl AeMI(UPOBAHUS;

Linear Elastic — mapameTpsl ynpyroctu ajis u3o-

TPOITHOM, OPTOTPOITHOW U aHU30TPOITHOW MOJAENH;

Hyperelastic Experimental Data — sxcniepumesn-

TaJIbHbIC TaHHBIC C PACTSHKEHUS 00PA3IIOB;
Hyperelastic — mapameTpbl 17151 MOZICTICH PE3UHBI;

Plasticity — mapameTpsI JIs TUTACTUYECKUX MOJIEIIeH

MaTepHuana;

Thermal — mapameTpsl A1 TEIMJIOBBIX MOJIE/ICH Ma-

Tepuana;

Equations of State — mapameTpsl ypaBHEHHS COCTO-

STHUMU
Failure — mapameTpbl pa3pyllieHHUss MaTepHaa;

Forming Plasticity — mapameTpbl TIaCTUYHOCTH TSI

nporeccoB popMoBaHus;
Foams — mapameTpsI [j1s1 MOICTUPOBAHUS TICHHI,

Eulerian — mapameTpsl ayis MmojgenupoBanus Efiie-
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POBBIX CBOMCTB.

| B Plasticity

E] Bilinear Isotropic Hardening

T4 Multilinear Isotropic Hardening

E Bilinear Kinematic Hardening

E Johnson Cook Strength

E] Cowper Symonds Power LawHardenin
T4 Rate Sensitive Power Law Hardening

E] Cowper Symonds Piecewize Linear Ha
E] Modified Cowper Symonds Piecewize
[EI Strength I
E Orthotropic Stress Limits

E] Laminate Composite Fabric Constants
|E| Thermal I

=]

@

|E| Equations of State [
% Bulk Modulus

A shearModulus

8 Polynomial E0S

'E Shock EOS Linear

$48 shock EOSBilinear

[ Failure

E Plastic Strain Failure

T4 Principal Stress Failure

{4 Principal Strain Failure

E Tensile PressureFailure

E] Johnson Cook Failure

IEI Forming Plastidty

E Bilinear Transversely Anisotropic Harc
E] Multilinear Transversely Anisotropick
E Bilinear FLD Transversely Anisotropic
‘E Multilinear FLD Transversely Anisotro
E Bilinear 3 Parameter Barlat Hardening
T4 Exponential 3 Parameter Barlat Harder
E] Exponential Barlat Anisotropic Hardeni
lEI Foams ‘
E] Rate Independent Low Density Foam

|E| Eulerian ‘
E] Vacuum

|El Custom Material Models I
?a Create Custom Model ... |

Hanpumep, Bakyyma

[Tocne BeIOOpa TpeOyembIx mapamMeTpoB B okHe Properties of Outline
ROW MOSIBIISIFOTCS JKEATHIC CTPOYKH B KOTOPBIX BBOASATCS KOJTHUYCCTBCHHBIC
3HaueHusA. EQUMHHUIBI, B KOTOPHIX HEOOXOAMMO BBECTH YKAa3bIBAIOTCS B

paBoOM CTOJIOLE.

Properties of Outline Row 4: 1

A B
1 Property Value Unit
2 ©4 Material Field variables [ Table
3 »%4 Density kam~-3
4 |B 214 Isotropic Elasticity
5 Derive from Young's Modulu... l‘
6 Young's Modulus Pa
7 Poisson's Ratio
8 Bulk Modulus Pa
9 Shear Modulus Pa
10 =] ?'E] Bilinear Isotropic Hardening
11 Yield Strength Pa
12 Tangent Modulus Pa

11




[Tporpamma ANSY S Workbench LS-DY NA no3BosiseT ucmosb30-
BaTh YK€ BCTPOCHHBIC 3HaUeHUS Ooiiee ueM i 200 maTepranoB, KOTOpPbIE

3aJI0°KEHBI B 0a3y JAaHHBIX MPOIPAMMBI.

JlaHHbBIC 3HAYCHUS TaKKe HaxoasaTcs B 3aknaake Engineering Data
Sources.

Contents of Explicit Materials
Material

 ADIPRENE BO3/1YX, Oepwiuiuid, natynb, C4, Kagmuii, Xpom, Ko-
Q) Air(Atmospheric)
© AL 11000 OoaibT, beToH, Meb, 30J10TO, CTalh, HUKENb, PE3HHA,
AL 2024
AL 202474 cepebpo, Tutad, TNT, Boga, iiuHk (Bcero 6omee 200
AL 6061-T6
AL 7039 MaTepuaoB)
AL 7075-T6
AL 921-T
AL/AP HE
AL2024T351
@ AL20399.5
@ AL203-99.7
»% AL203CERA
% AL5083H116
2% ALUMINUM

@ ANFO
% ANTIMONY

% BARM

BERYLLIUM
BERYLLIUM2
BISMUTH
BORONCAREI
BRASS

BTF

C4

CADMIUM
CALCIUM

Mopaenu i1 KOHKPETHBIX MaTepUasoB: aJTtOMUHUM,

&

&

AR A A A AN

&

&

A A G

[Tpumeps! moneneli matepuana goctymnabie B ANSYS Workbench
LS-DYNA npuBeneHns! B Tabnuiie

Mopaenu ma- Oo6o3Hauenue uepe3 keyword Howmep marepuana B
Tepuaia keyword
Linear Elastic
- Isotropic MAT_ELASTIC *MAT_001
- Ortho- MAT_ORTHOTROPIC _ *MAT_002
tropic ELASTIC
- Aniso-

12




tropic

Plasticity
- Bilinear MAT_MODIFIED PIECEWISE *MAT 123
isotropic LINEAR_PLASTICITY
- Multy- MAT PIECEWISE LINEAR *MAT _024
linear iso- PLASTICITY
tropic
- Bilinear MAT _PLASTIC_KINEMATIC *MAT_003
kinematic
- Johnson MAT_JOHNSON_COOK *MAT _015
Cook
Hyper Elastic
- Mooney- MAT_HYPERELASTIC _ *MAT_007_H
Rivlin RUBBER
- Polynomi- MAT_HYPERELASTIC _ MAT 007 _H
nal RUBBER
- Yeoh MAT_HYPERELASTIC MAT 007 _H
RUBBER
- Ogden MAT_OGDEN_RUBBER MAT 007 _O
- Arruda
Boyce
Rigid
Rigid *MAT_020
Equatioan of state
- Linear EOS LINEAR_POLYNOMIAL
- Shock Lin- EOS _GRUNEISEN
ear
Failure

- Plastic MAT_ADD _EROSION
strain

13




- Principal MAT_ADD_EROSION
stress

- Johnson *MAT_015

cook Tensile

Failure

1.2.3. CeTka st SBHBIX BBIYMCIICHHUM, 3JE€MEHTHI (OPMYITUPOBKHU.

HaHecenue ceTku oCyleCTBISIETCA BCTPOCHHBIM B ANSYS CETOYHBIM

penakropom. st aTux 1enedt B nepese “IIpoekt” umeercs mynkr Mesh.

Qutline

Filter: Name v
2 P H el gl
@] Project

= (@] Model (A4)
-/ Geometry
& ‘,,‘\ Coordinate Systems
'V® Mesh

HacTpoiiku M0OKHO ocyIiecTBUTh B okHe cHu3y Details of Mesh

-I| Display
Display Style Body Color
|| Defaults
Physics Preference | Explicit
Relevance 0
Program Controlled
+| Sizing
+| Quality
+/ Inflation
+/| Advanced
+| Statistics

Physics Preference — HacTtpolika
[IapaMeTPOB CETKU MOJ THII pella-

Tenst. B nannom ciyuae EXpicit;

Relevance — mkana Medsromas
CpPEIHUN pa3Mep DJIEMEHTOB CETKH
(ot -100 70 100);

Element Order — BwiOOp mopsiika
aJeMeHTa (JTMHEHHBIM MM KBajapa-

TUYHBIN CO CpeAHEN TOUKOM);

Sizing — ToYHBIC HACTPOMKHU IMapa-

MCTPOB CCTKHU.

14




Jlnst BBIOOpa METO/la HAaHECEHUsl CETKU MCIOJIb3yeTCsl MEeHI0: Bepx-

Hia4 nmaneiib — Mesh Control — Method

Details of "Automatic Method" - Method
|=1| Scope

Scoping Method | Geometry Selection
'1 Body

Geometry
-|| Definition
Suppressed No

Element Order | Use Global Setting

Geometry — BbIOOp reoMeTpUHu KO-
TOPYIO HYXXHO pa3OUTh HYXHBIM

METOJIOM,

Method — meron pa3Ouenus (aBToO-

MaTUYeCKHii, TeTpa, hexX u ap.);

Element Order — BwIOOp mopsaka
AJIEMEHTA 11 KOHKPETHOU TeOMEeT-
pur (JTUHEWHBIM WM KBaJgpaTUy-

HBII CO CpeAHEN TOUKOM).

OCHOBHBIE BN JbI JIMHEWHBIX U KBaAPATUYIHBIX 3JICMCHTOB

Tun snemen- JIuneiinpie™® KBagparuunpie**
Ta
[Tpsimo- 2 4 2 6 4
yTOJIbHBIC
shell d ]
1 3 1 8 3
ELFORM:=2 ELFORM:=23

6-u rpaHHbIN

solid

ELFORM:=1

ELFORM:=23




4-X rpaHHBIN 2 2
i // /TN
solid // 5/ 10
e \
3 .6/ 3
ELFORM:=10 ELFORM:=16
3aMeuaHus:

1. Onpenenenre JTUHEHHBIX 3yIeMeHTOB B mporpamme Ansys Workbench
Is-dyna: Project — Model — Mesh; Element Order — Linear;

2. OmpenerneHre KBaJpaTHUHBIX 3JIEMEHTOB B mporpamme Ansys Work-
bench Is-dyna: Project — Model — Mesh; Element Order — Quadratic;

3. 6-u rpaHHBIC KBaJpaTHYHBIC JIEMEHTHI HE A0CTymHbI B Ansys \Work-

bench Is-dyna. Otu syeMeHTBI MOKHO MpeaoOpa3oBaTh M3 8-H y3JIOBBIX

3JIEMEHTOB UCHOJb3Ys nporpammy Is-prepost (Mesh — EleGen — Solid —

Hex8 to Hex20).

Jlnst paznmeneHus TeOMEeTpuM Ha TpeOyemMoe 4YuCIo pa3OueHHs HC-

noJb3yercs MeHio: Bepxusis nanens — Mesh Control — Sizing

Details of "Edge Sizing" - Sizing

-|| Scope
Scoping Method | Geometry Selection
Geometry -1 Edge
-1 Definition
Suppressed ANo
m Element Size
Element Size . Default (43,166 mm)
-1 Advanced
Behavior [Soft

Bias Type No Bias

Geometry — BBIOOpP TE€OMETPHH KOTOPYIO
HY’)KHO pa30uTh (00beM, MOBEPXHOCTH, JIH-

HUS);

Type pa3buenus — pa3mep dJIeMeHTa, KOJIu-

YECTBO 3JIEMEHTOB M JIp.;
Element Size — Bennuuna;

Behavior — mnoBenenue mnpu pazdUcHHUU

(>KECTKO€ WUJI MSITKOE).
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[Ipumepsl pa3doueHust Jyisi KOHKPETHBIX TUIIOB 3JIEMEHTOB MPUBE]IEC-

HEBI Jajiee

2D Trian-
gle

Project — Model — Mesh

— Automatic method

=/ Scope
Scoping Method Geometry Selection
Geometry 1 Body

=I| Definition
Suppressed No
Method Quadrilateral Dominant
Element Order Use Global Setting

Quad/Tri

2D Quad-
rangle

Project — Model — Mesh

— Automatic method

-l Scope
Scoping Method Geometry Selection
Geometry 1 Body
|| Definition
Suppressed No
Method Quadrilateral Dominant

Element Order Use Global Setting
Free Face Mesh Type | All Quad

Shell Tri-

Project — Model — Mesh

~| Scope

Scoping Method Geometry Selection
angle — Automatic method S —

Suppressed No

Method Quadrilateral Dominant

Element Order Use Global Setting

Quad/Tri :J

Shell Project —» Model — Mesh | oo

Scoping Method Geometry Selection
Quadrangle | — Automatic method ) T

Suppressed No

Method Quadrilateral Dominant

Element Order Use Global Setting
Free Face Mesh Type | All Quad

Solid Tetra

Project — Model — Mesh
— Patch Conforming
Method

- Scope
Scoping Method | Geometry Selection
Geometry 1 Body
I/ Definition
Suppressed No
Tetrahedrons
Algorithm Patch Conforming

Element Order Use Global Setting

Solid Hex

Project — Model — Mesh

— Hex Dominant Method

Details of "Hex Dominant Method" - Method

-1/ Scope
Scoping Method Geometry Selection
Geometry 1 Body

|| Definition
Suppressed No

Hex Dominant
Use Global Setting
Free Face Mesh Type | Quad/Tri

Control Messages | No

Element Order

[TonpoObHee Mpo HAHECEHHWHM CETOYHOW Ne€OMETPHUHU MOXKHO HAMTH B

help mo mporpamme ansys workbench Is-dyna

1.2.4. KoHTaKTHbBIE aITOPUTMBI (TUIIbI, HACTPOUKH KOHTAKTOB).

ITporpamma ANSYS Workbench LS-DYNA noaaepkuBaeT OCHOB-

HBIC TUIIBI KOHTAKTOB, KOTOPBIX JOCTATOYHO IJISA OITMCAHUA HC(bOpMHpOBa-
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HuUs TBepAbIX Teu. [loagpoOHoe BrIOOp, onucanue nmpuBeaeHo Aanee. Takxke

MIPUBEICHO COOTBETCTBUE KOHTAKTOB KJIFOUEBBIM clioBaM B LS-DYNA.

Ne | Tyt B MeHIO IIyTb B MEHIO Kapra kontak- | [losicHeHne
Project — Model Project — Ta
Workbench
LS-DYNA
1 |Project — - CONTACT _ KonrtakT Bce co
Model — Connec- AUTOMATIC_ | Bcemu (mpume-
tions — Body In- SINGLE_ HSETCS, HaIlpu-
teraction SURFACE Mep, TpU Kparl-
2 | E= Project — CONTACT _ TecTax KorJa
ety e | Model — Work- | AUTOMATIC_ | KOHTaKTHbIE 1O~
%;d' bench SINGLE BEPXHOCTH 3apa-
i LS-DYNA — SURFACE HEE HE W3BECT-
Contact properties HBI)
Type: Program
Controlled
3 CONTACT _ KontakT BCe co
T | AUTOMATIC. | Bcemu  (amaror
Type: General GENERAL Single surface)
4 o — CONTACT_ [Ipumensiercs
o e i ERODING _ MpU  pa3pyIiao-
Type: Eroding SINGLE_ HIEM  KOHTAKTE.
SURFACE Hampumep, mnpu
KOHTaKTe  3aro-

TOBKH C OTXOJIOM

IIPU CBEPJICHUH

18




Project —
Model — Connec-
tions — Contacts

— Frictionless*

=| Scope

Scoping Method | Geometry Selection
Contact 1Face
Target 1 Face

Contact Bodies
Target Bodies
Contact Shell Face
Target Shell Face
Protected

= | Definition

:
B
N
T
:
’
N

R||
g

o

P
ottom
o
rictionless |

Scope Mode Manual

Behavior rogram Controlled

Trim Contact rogram

Suppressed o

am Controlled

Behavior — Pro-
gram Controlled (or
Symmetric)

CONTACT_
AUTOMATIC_
SURFACE _
TO _ SUR-
FACE**

Project —

Model — Work-
bench

LS-DYNA —
Contact properties

*kkk

Details of *Contact Properties 2
=) Definition

Contact Frictionless - Surface Body To Su...

Formulation AUTOMATIC_SURFACE TO_SURF..

CONTACT_
AUTOMATIC_
SURFACE _
TO _SUR-
FACE

[Ipumensercs B
OOJIBIIIMHCTBE

cinydaeB (0e3 ma-
paMeTpoB  Tpe-

HUS)

ogram e0
Solid Elem Nt Program Controlied

Type: Eroding

CONTACT_
AUTOMATIC_
SURFACE _
TO _ SUR-
FACE

[Ipumensiercst B
rporeccax c
pa3pyLICHHEM
matepuana (6e3
napaMeTpoB

TPEHUS)

Contact Frictionless - Surface Body To S...

Type: Forming

CONTACT_
FORMING _
SURFACE _
TO _SUR-
FACE

[Ipumensiercss B
nporeccax (op-
MOBaHHUs (6e3
napaMeTpoB

TPEHUS)

Details of *Frictionless - Surface Body To Surfa... &

=i/ Scope
Scoping Method | Geometry Selection
Contact

CONTACT_

[Ipumensiercs

Target
Contact Bodies
Target Bodies
Contact Shell Face | Toj
Target Shell Face | Bottom
Protected

=1| Definition
Type
Scope Mode

19




Behavior — Asym- AUTOMATIC_ | xorga HY>KHO
metric NODES TO _ | obecnieynTh KOH-
SURFACE TaKT C y3JamMu
HOTYNHEHHOM!
JacTh
10 Project — CONTACT_ [Tpumensiercs B
Model — Work- | ERODING _ Koraa HYKHO
bench NODES _ TO _ | obecrieunTh KOH-
LS-DYNA — | SURFACE TakT C Yy3JaMu
Contact properties IOTYMHEHHOU
4acTH IpH pas-
PYIICHUH
Type: Eroding
11 Project — CONTACT_ [Ipumensiercst B
Model — Work- | FORMING _ nporeccax ¢op-
bench ONE_WAY_ |moBanus  (0e3
LS-DYNA — | SURFACE _ napaMeTpoB
Contact properties | TO _ SUR- TPCHHS). Hc-
s FACE MOJB3YETCA  OJI-
HOINPOXOJHBIN
MTOMCK KOHTAKTa
Type: Forming
12 | Project — CONTACT_ [Ipumensiercs
Model — Connec- TIED_ JUII  CBS3A 4a-
tions — Contacts SURFACE _ cTed (MOBEPXHO-
— Bonded* TO _SUR- CTel) Jnpyr c
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Details of "Bonded - Surface Body To Surface B... #
= Scope.

Scoping Method | Geometry Selection
Contact 1Face
Target 1 Face

Contact Bodies

Target Bodies

Contact Shell Face | Top
Target Shell Face | Bottom

Protected No
Type Bonded
Behavior Program Controlled
Offset |1,e-004 mm
[Soppreea [ =l

FACE_ OFF-
SET

13

Details of "Bonded - Surface Body To Surface B...
= Scope

Scoping Method | Geometry Selection
Contact 1Face

Target 1 Face

Contact Bodies

Contact Shell Face | Top

Target Shell Face | Bottom

Protected No
= | Definition
Type Bonded
Scope Mode Manual
Behavior Asymmetric
Trim Contact Program Controlied
Maximum Offset | 1,6.004 mm
Breakable No
Suppressed No

Behavior — Asym-
metric

CONTACT_
TIED
NODES_ TO _
SURFACE_
OFFSET

IpyromM

14

Details of "Bonded - Surface Body To Surface B... 3

=[Scope
Scoping Method | Geometry Selection
Contact
Target
Contact Bodies
Target Bodies
Contact Shell Face |To
Target Shell Face | Bottor

Breakable — Stress
Criteria

CONTACT_
AUTOMATIC
SURFACE _
TO _SUR-
FACE_ TIE-
BREAK

[Ipumensiercs

JUISL  CBSI3UM  4a-
cTer (MOBEPXHO-
cTed) napyr ¢
IpyroM c Imapa-
METpaMH paspy-

MIEHNE KOHTAKTa

Behavior — Asym-
metric
Breakable — Stress
Criteria

CONTACT_
AUTOMATIC_
ONE_WAY _
SURFACE _
TO _ SUR-
FACE_ TIE-
BREAK

[Ipumensercs

JUISL  CBSI3U  4a-
cTel (MOBEPXHO-
cTei) napyr ¢
IpyroM c mapa-
METpaMH paspy-
IIEHUE KOHTAKTA.
OaHONIPOXOHBIN

KOHTAaKT

16

Project —
Model — Connec-
tions — Contacts

— Frictional

CONTACT_
AUTOMATIC_
SURFACE _
TO _SUR-

[Ipumensierca B
OOJIBIITMHCTBE
caydaeB (¢ Ta-

paMeTpamu Tpe-
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17

=|scope
Scoping Method Geometry Selection
Contact 1Face
Target 1Face

Contact Bodies
Target Bodies

Contact Shell Face | Top
Target Shell Face Bottom
Protected No

| Definition
Type Frictional

Friction Coefficient |0,
Dynamic Coefficient 0,

18

19

Decay Constant |0,

Scope Mode Manual

Behavi Program Controlled
Trim Contact Program Controlled
Suppressed No

FACE ***

Project —

Model — Work-
bench

LS-DYNA —
Contact properties

*khkkk

= | Definition
Contact Frictional - Surface Body To Sur.
Program Controlled
Formulation AUTOMATIC_SURFACE_TO_SUR...
| Common Controls
Birth Time o
Death Time o
Viscous damping co.. |10
Slave Penalty Scale F... |0
Master Penalty Scale .. 0

=1 Advanced Controls
Optional Thickness 1...[0 (mm]
Optional Thickness ... |0 [mm]
Optional Solid Eleme... 0 [mm]
Soft Constraint Formula... Program Controlled
Soft Constraint Scale... 0,1
Depth 5

Type: Program
Controlled

CONTACT_

AUTOMATIC_

SURFACE _
TO _SUR-
FACE

aus Frictional
Dynamic coeffi-
cient, Decay
conctant)

= Definition
Contact Frictional - Surface Body To ...
Type Eroding =]
Formulation ERODING_SURFACE_TO_SUR...
= Common Controls
Birth Time o
Death Time o

Viscous damping co..| 10
Slave Penalty Scale ... |0
Master Penalty Scal... |0
=) Advanced Controls
Optional Thickness ...| 0 [mm]
Optional Thickness ..., 0 [mm]
Optional Solid Elem... 0 [mm]
Soft Constraint Formul...| Program Controlled
Soft Constraint Scal...| 0,1
Depth 5
= Eroding Controls
Symmetry Plane Option | Program Controlled
Erosion Interior Node ... | Program Controlled
Solid Elements Treatme... Program Controlled

Type: Eroding

CONTACT_

AUTOMATIC_

SURFACE _
TO _SUR-
FACE

[Ipumensierca B
npoleccax c
pa3pylIieHUEM
Martepuana (c
napaMeTpamu

TPEHUS)

= | Definition
Contact Frictional - Surface Body To .
Type Forming -
Formulation FORMING_SURFACE TO_SUR...
| Common Controls
Birth Time 0
Death Time 0
Viscous damping co...| 10
Slave Penalty Scale F... 0
Master Penalty Scale .. 0

=| Advanced Controls
Optional Thickness f...| 0 mm]
Optional Thickness f...| 0 mm]
Optional Solid Elem... |0 mm]
Soft Constraint Formula... Program Controlled
Soft Constraint Scale... 0,1
Depth 5

Type: Forming

CONTACT_
FORMING _
SURFACE _
TO _SUR-
FACE

[Ipumensierca B
nporieccax (op-
MOBaHMsl (C Tia-
paMmeTpamu Tpe-

HUS)

20

Details of "Frictional - Surface Body To S... &

=1/ Scope
Scoping Method | Geometry Selection
Contact 1 Face
Target 1 Face
Contact Bodies
Target Bodies
Contact Shell Face | Top
Target Shell Face | Bottom

Protected No
=I| Definition
Type Frictional

Friction Coeffici...|0,
Dynamic Coeffic... 0,

Decay Constant |0,

Scope Mode Manual
Behavior Asymmetric
Trim Contact Program Controlled

n

CONTACT_

AUTOMATIC_
NODES TO _

SURFACE

[Ipumensiercst B
Korja HY>KHO
o0ecreynTh KOH-
TakT C Yy3JaMHu

MO JYNHEHHOMN
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Behavior — Asym-
metric

JacTH
Project — CONTACT _ [Ipumensiercs B
Model — Work- | ERODING _ Korza HY>KHO
bench NODES _TO _ | obecieynTh KOH-
LS-DYNA — | SURFACE TaKT C y3JaMu
Contact properties OTYMHEHHOU
JacTH TIpU pas-
pyuiennu (¢ na-
pameTrpamu Tpe-
HUS)
Type: Eroding
Project — CONTACT_ [Ipumensiercs B
Model — Work- | CONTACT _ nporeccax ¢op-
bench FORMING _ MOBaHUs (C TIa-
LS-DYNA — | ONE_WAY_ | pamerpamu Tpe-
Contact properties | SURFACE _ Hus). Mcnonb3y-
S TO _SUR- €TCs  OJHOMPO-
FACE XOOHBIM  IIOHUCK
KOHTaKTa

Type: Forming

* - 71 BBIBOJA JAHHOT'O MEHIO Ha)KaTh MPaBOM KHOMKOHW Ha “Con-

nections” BeiOpats Insert — Manual Contact Region;

** - Soft constraint = 2 (PexoMeHyeTcss K MPUMEHEHHUIO MPHU pas-

JIMYHBIX KOHTAKTHBIX MaTepI/IaJ'IaX);

*

JKUX KOHTAKTHBIX MaTepuajax);

*k*kk

** - Soft constraint = 0 (PekomMeHayeTCsl K IPUMEHEHHIO TIPU CXO-

- MeHIo mo3BOJISET 3a1aThb. BPEMs POKIACHUA U CMCPTU KOH-

TakTa, Kod(duimeHnt aemrndupoBaHus KOHTaKTa, mapamerp Soft

constraint.
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JIJ1s omipeieNieHHH CBapHO#M TOYKM UCTIOJIB3yeTCsl Komanaa: Project
— Model — Connections — Contacts — Weld

Contact u Tanget — yka3piBaroTcst 2
EZTTEIECET Geometry Selection ~|

Contact 1 Vertex

- TOYKH MEXKIY KOTOPBIMU OyAET CO-
S — 371aHa CBapHas TOUKa

Breakable — Bxkmouenue pasperie-

HUs CBAPHOU TOYKH

1.2.5. HauanbHble yCIIOBHS.

B kauectBe HauanpHbIX ycinoBuih B ANSYS Workbench LS-DYNA
MO>KET OBITH BbIOpaHa: HavyalbHas JIMHEHHAs CKOPOCTh, HadalbHas YIJIO-
Basi CKOPOCTb, BBICOTA MAJICHHS ITPH IPOI-TECTE.

JI71d 5TUX 1enen UCIoJIb3yeTCa KOMaH 1.
Project — Model — Workbench LS-DYNA — Initial Condition — Veloc-

ity

Geometry — yka3aTb reOMETPHIO Ha

-I| Scope
Scoping Method | Geometry Selection

Geometry 1 Body KOTOpyI'O HpI/IKJIaI[BIBaI'OTCH

I/ Definition

Input Type eloci - .

efine By Zolmp:)ynents _i HaanI)HBIe YCHOBI/IH,

Coordinate System | Global Coordinate System
X Component |0, mm/s _ -
XEomemien o sa Input Type — Tin HaYaIbHBIX YCIIO
Z Component |0, mm/s o o

Suppressed [N BUI (JIMHEITHAsE CKOPOCTh, YIJI0Bast

CKOPOCTb, BbICOTA NAJCHUS);
Define By — onpesencHue ¢ moMo-
IIbI0 KOMIIOHEHT JI BEKTOPA,;

X, Y, Z Component — 3HaueHHs

CKOPOCTH.

1.2.6.I'pannyHbIC YCIOBUSI.

B xauecTBe I'PaHUYHbIX YCHOBI/II‘/’I MOXHO BBCCTH OI'PAHHUYCHUSI,

Harpy3ku U yCKOpPEHUS.
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['panvyHbBIC YCIIOBUSA MOXKHO OINPEICIINTh HAXKAB MPAaBOM KHOIKOW Ha
menro Workbench LS-DYNA — Insert

JI1st nonHOM (pMKcaluu MOJEIN UCTIOIb3YETCs KOMAaH/1a
Project — Model — Workbench LS-DYNA — Fixed support

olSpe Geometry — ykazaTb T€OMETPUIO HA
Scoping Method | Geometry Selection

— KOTOPYIO ITPUKJIA IBIBAIOTCS TTOJHbBIC
m Fixed Support
S OTpaHHYCHUS

Ji14 3a1anus iepeMeIeHus Ha TpeOyeMyr0 reOMETPHUIO IPUMEHSIET-
Csl KOMaH/a:
Project — Model — Workbench LS-DYNA — Displacement

= Scope Geometry — yka3aTb reOMETPHIO Ha
Scoping Method | Geometry Selection

S KOTOPYIO MIPUKIIAIBIBACTCS MEepe-
Type Displacement
e System éloa";:?gzr;:jmate System LJ MemeHI/Ie;
oo —Trae i
Z Component Free Deflne By - OHpe’HeHeHI/Ie C HOMO-
Suppressed No

IO KOMITIOHCHT JIU BeKTOpa;
X, Y, Z Component — 3HaueHus me-

pEeMENICHHUS.

Jlnst 3a1aHUsl CKOPOCTH Ha TpeOyeMyI0 T€OMETPUIO TPUMEHSIETCS

KOMaH/1a:
Project — Model — Workbench LS-DYNA — Velocity
= — Geometry — yka3zaTh TeOMETPHIO Ha
T — KOTOPYIO MPUKJIIAJBIBACTCSA CKO-
EETEE components ~|

e pOCTb,

stres e Define By — onpenesieHue ¢ momo-

B0 KOMITIOHCHT JIX BCKTOpa
X, Y, Z Component — 3HaueHus

CKOPOCTH.
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JI71st orpaHUYeHHS TOJBKO 10 TIePEMEIEHUSIM TPUMEHSIETCS KOMaH1a
Project — Model — Workbench LS-DYNA — Simply Supported

DemLS ey uppenee 2 Geometry — yka3aTh TEOMETPUIO Ha
=/ Scope

Scoping Method | Geometry Selection

Geometry 1 Edge KOTOpyI'O HpI/IKHa,HBIBaI'OTCH OFpa-
|| Definition

ACTEN vy suppores HUYEHUS

JIJ1s1 orpaHUYEeHHSI TOJIBKO 10 BPAIIICHUIO PUMEHSICTCS KOMaH/1a
Project — Model — Workbench LS-DYNA — Fixed Rotation

S — : Geometry — ykazarh reOMETPUIO Ha
Scoping Method | Geometry Selection
KOTOPYIO ITPUKJIAJBIBAKOTCS OTrpa-
B — HUYECHMS HA BPAIIECHUE
e Rotation X, Y, Z — orpanu4eHnue Ha
BpAIlIEHHE 110 OCAM

J171st IpUso>KeHUsT yCKOPEHHS Ha BCIO MOJIETh IPUMEHSETCS KOMaHaa
Project — Model — Workbench LS-DYNA — Acceleration

Define By — onpezenenue ¢ momo-

=I| Sco,
Geopv:etry All Bodies
= D"iﬁ < b0 KOMIIOHCHT JIKM BCKTOPa
— ine By Components v

Coordinate System | Global Coordinate System

X Component |0, mm/s* (step applied} X, Y, Z Component - 3HaquHﬂ

Y Component |0, mm/s* (step applied)

Z Component |0, mm/s® (step applied) YCKOPCHI/HI

Suppressed No

JUJis IpUITOKEHMS CHITHI TSDKECTH Ha MOJIENb PUMEHSIETCSl KOMaHa
Project — Model — Workbench LS-DYNA — Standard Earth Gravity

X, Y, Z Component — 3HaueHUS

-1/ Scope
=) Definition rpaBUTALIUA
Coordinate System | Global Coordinate System
X Component 0, mm/s* (step applied) - - 9
Y Component 0, mm/s* (step applied) D I rectlon - HaHpaBHeHI/Ie ,Z[CI/ICTBI/IH
Z Component _-9806,6 mm/s* (step applied)
Suppressed No
Direction -Z Direction rpaBHTaHHI/I
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J1ist mpusto>keHus JaBJjeHUE Ha TTIOBEPXHOCTh MMPUMEHSIETCS] KOMaH1a
Project — Model — Workbench LS-DYNA — Pressure

-1| Scope
Scoping Method
Geometry

|| Definition
Type
Define By

Magnitude

Suppressed

Geometry Selection
1 Face

Pressure

Normal To

0, MPa (step applied)
No

Geometry — yka3arh IJIOCKYIO Ieo-
METPHIO Ha KOTOPYIO TTPUKJIaIbIBA-
eTcsl IaBJICHUE,

Define By — onpezenenue ¢ momo-
IIbI0 HOPMAJTH, KOMITOHEHTA HJTH
BEKTODA;

Magnitude — BeauurHa TaBICHUS

I[JBI IMPUIIOKCHUA THAPOCTATHYCCKOI'O HOaBJICHHA Ha ITOBCPXHOCTH

IMPUMCHACTCA KOMaH1a

Project — Model — Workbench LS-DYNA — Hydrostatic Pressure

-/ Scope

Scoping Method
Geometry

Shell Face
Definition

Type

Fluid Density
Suppressed
-I| Hydrostatic Accel
Define By
Magnitude
Direction

X Coordinate
Y Coordinate
Z Coordinate

Location

Geometry Selection
1 Face
Top

Hydrostatic Pressure

Coordinate System | Global Coordinate System

0, t/mm*
No
leration
Vector
0, mm/s*
Click to Change

|| Free Surface Location

0, mm
0, mm
0, mm
Click to Change

Geometry — yka3atp IJIOCKYIO Ieo-
METPHIO Ha KOTOPYIO ITPHUKJIaIbIBa-
eTCsI TUAPOCTATUYECKOE JaBICHHE
Fluid Density — n10THOCTB KUIKO-
CTH;

Define By — onpenenenue ¢ momo-
IIbI0 KOMIIOHEHTA WJIM BEKTOPA;

Magnitude — BejrunHa 1aBICHHMSI.

J1JIs IPUITOKEHMS YCUJIUS Ha TIOBEPXHOCTh IPUMEHSIETCS KOMaH 1a
Project — Model — Workbench LS-DYNA — Force

-l Scope
Scoping Method
Geometry

|| Definition
Type
Define By

Magnitude

Direction

Suppressed

Geometry Selection
1 Face

Force

Vector

0, N (step applied)
Click to Change
No

Geometry — yka3aTh IJIOCKYIO I'eo-
METPHUIO Ha KOTOPYIO MPHUKIIaIbIBa-
€TCsl YCUIINE;

Define By — onpeaenenue ¢ momo-
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IO KOMIIOHCHTA HUJIM BEKTOPa,

Magnitude — BeauunHa yCHITHAL.

Jliisa cozpanus sxectkoit crenku (Rigid Wall) mpumensiercst komanaa
Project — Model — Workbench LS-DYNA — Rigid Wall

Geometry — yka3arh IJIOCKYIO I'eo-

-1/ Geometry

METPUIO OTHOCUTEIIBHO KOTOPOU
Codinate Sytem crpoutcs Rigid Wall;

Coordinate System — cuctema Ko-

OpJAUHAT.

Jlns pabotel ¢ Rigid TeramMu mpUMEHSIOTCS KOMaHIbl
Project — Model — Workbench LS-DYNA — Rigid Body

Rigid Body Rotation Omnpenenenue Bpanienus Ha Rigid Tee

Rigid Body Angular Velocity Omnpenenenne yriioBoi CKOPOCTH Ha
Rigid Tene

Rigid Body Force Onpenenenne ycunus Ha Rigid Tene

Rigid Body Moment OmnpeneneHre MomMeHTa Ha Rigid Tene

Rigid Body Constrain Orpannuenne Rigid Tena

Rigid Body Property OmnpepeneHre MOMEHTOB UHepiuu Rig-
id Tena

JI71st BBIBOJIA TOTIOJTHUTENIBHBIX JTAHHBIX (HAIpuMep, AJis BHIBOJA WH-
dbopMarnys 1Mo y3iaM) IpuMeHsroTcs 1racker:

Project — Model — Workbench LS-DYNA — Result Tracker

Project — Model — Workbench LS-DYNA — Body Contact Track-

er
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1.2.7.Joints.

Joints — mpeHa3HAYCHBI TSI COSTMHEHUS IBYX )KECTKUX TEll.
Bri6op Joints ocymecTBisieTcst U3 BEpXHETO0 MEHIO IO KHOmke Body-
Body u BeiOOpa cooTBeTcTBYyIOIIEro coequnenus. Hampumep, Cylindrical

JUJIS1 COCIMHEHUS JBYX LIHJIMHIPOB.

%Body-Body v
fé\ F|x 7
@ Revolute

@ Cylindrical

| f$\ Translational
& Slot

@ Universal
@ Spherical
@ Planar
Details of "Cylindrical - No Selection To No Select... & Type - BBI6paTB THUII COCIUHCHUA.
-I| Definition . .
Connediontype_[BodyBody 1 Fixed, Revolve, Translational, Slot,
Type Cylindrical - - . -
Spumal ik 7‘ Cylindrical, Universal, Spherical,
-1/ Reference H
'Scoping Method 'Geometry Selection Planar’ General’ BUShIng'
Applied By ‘ Remote Attachment
Scope No Selection Scope — BwIOOp reomeTpun (KOH-
Coordinate System | Reference Coordinate System ' TAKTHBIX ITJJOCKOCTCHU I’Igld I'COMCT-
Pinpall Region All ‘
= Mobile | pun).
Scoping I\-ietrhrord “VGVeomretry Se}g;tipn
‘Applied By Remote Attachment
Scope No Selection
InitiaIAPosition _Unchange_d
Pinball Region ‘AII

[TonpoOHee 1o onpeAeIeHnH TUINHAPUISCKOTO COCTUHECHUS MOYXKHO
nocmotpeth B ucrounuke: Workbench LS-DYNA (ACT Extension) Train-
ing. Workshop 8. Kinamatic Joints — Cylindrical. 15.0 Release.

1.2.8 KoHTpobHbBIE KapThI

[Tporpamma ansys workbench Is-dyna nmoanep:xuBaeT ocHOBHBIC

KOHTPOJIbHBIC KaAPThl U KAPThI BBIBO/JA.
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OmnpeneneHue KpUTeprst OCTAHOBKH Mpoliecca pacyera

(*CONTROL_TERMINATION).

Project — Model — Workbench LS-DYNA — Analysis setting, 3a-
kiaaaka Step Controls

-] Step Controls
End Time
Time Step Safety Factor

Maximum Number Of Cycles | 10000000

Automatic Mass Scaling

0,002
09

No

End Time — Bpems OKOHYaHUS pacyera;

Time Step Safety Factor — koapdurueHT

3araca,

Maximum Number of Cycles — makcumain-

HOC KOJIMYECTBO BPECMCHHBIX II1aros,

Automatic Mass Scaling — maccoBoe ckainu-

pOBaHUE.

Onpenenenne BpeMmennoro mmara (*CONTROL_TIMESTEP).

Project — Model — Workbench LS-DYNA — Analysis setting, 3a-

knazaka Step Controls.

Mo>kHO 3a1aTh TpeOyeMblil BpeMEHHOM 1Iar /Jis BHITOJTHEHUS! Mac-

COBOI'0 CKAJIMPOBAHUAL.

Automatic Mass Scaling
Time Step Size

Yes
1E-07

Automatic Mass Scaling — maccoBoe ckau-

pOBaHue,;

Time Step Size — BesinunHA BPEMEHHOT'O

aIara.

Omnpenenenre BpeMEHHOTO 1I1ara ¢ TOMOIIbIO Tpaduka
(*CONTROL_TIMESTEP, DEFINE_CURVE)
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Project — Model — Workbench LS-DYNA — Time step control

Details of "Time Step Control"

=I| Definition
Unit Time
Magnitude Tabular Data

Tabular Data
Time [s] I|7 Magnitude

11 o, 1,6-007

21 [2,.e-003 |2,e-007

3 [N/AL, 2,e-007

BBoj TabiMUHBIX JaHHBIX JJ1sI rpaduka

ONPEAEIAIOLINN BPEMEHHOH LIar

OmnpeneneHue mapamMeTpoB IS 3aIlycKa MpoIiecca Ha pacder

Project — Model — Workbench LS-DYNA — Analysis setting, 3a-
kinaaka CPU and Memory Management.

CPU and Memory Management

Memory Allocation Program Controlled
Number Of CPUS 1

Processing Type . Program Controlled

Memory Allocation — onpenenenue Bbijie-

JSIeMOU MaMSTH JIJIs pacuera’™;

Number of CPUS — koaudecTBO UCHIONB3Y-

€MBIX IIPOLIECCOPOB,

Processing Type — THIT HCHIOIB3yEMOT'O pe-
marenst (SMP wim MMP).

* - 3aBUCUT OT pa3Mepa KOHEYHO-IJIEMEHTHONU Moieu. MOXKHO
yctaHoBuTh paBHOU 250000000 rmm 500000000.

Onpenenenye TUIA peliaTes:

Project — Model — Workbench LS-DYNA — Analysis setting, 3a-

knanka Solver Controls

Solver Controls

Solver Type Program Controlled
Solver Precision Program Controlled
Unit System nmm

Solver Type — Tun pemarens (CTPyKTypHBIH

WU CTPYKTYPHO-TEIIOBOH);

Solver Precision — TogHoCTh permaress

(OIMHAPHBINA WIIA IBOMHON TOUYHOCTH);

Unit System — cucrema eauHuII.
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Onpenenenue BpeMeHHU JeUCTBUS HavyallbHON CKOPOCTH:

Project — Model — Workbench LS-DYNA — Analysis setting, 3a-
kiazaka Initial Velocities (*VELOCITY_GENERATION

_START_TIME).

Initial Velocities
Initial Velocities are applied immediately| No
Start Time 0

Initial Velocities are applied immediately —
OIIPENICIIEHUE ACUCTBUS HAYAJIIbHOU CKOPO-

CTH,

Start Time — BpeMs Hayayia qCHCTBUS.

Omnpenenenue rio0aabHOTO AeMITPHUOBAHHUS:

Project — Model — Workbench LS-DYNA — Analysis setting, 3a-
kinaaka Damping control (*DAMPING_GLOBAL)

Damping Controls
Global Damping Yes
Magnitude 0

Global Damping — onpenenenue riodais-

HOTO AeMI(pUPOBAHNUS;

Magnitude — BeanurHa ri100aIbHOIO JEMII-

dbupoBaHus.

Onpenenenne Hourglass control

Project — Model — Workbench LS-DYNA — Analysis setting, 3a-
kinaaka Hourglass Controls (*CONTROL _HOURGLASS)

Hourglass Controls

Hourglass Type Program Controlled
LS-DYNAID 0

Default Hourglass Coeffici... /0,05

Hourglass Type — tunr Houglass;
LS-DYNA ID — nomep tumna Houglass;

Default Houglass Coefficient — Houglass

KO3 PUIUEHT.
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Onpenenenre BEIXOAHBIX TAPAMETPOB:

Project — Model — Workbench LS-DYNA — Analysis setting, 3a-
kiaaka Output Control (*DATABASE_FORMAT,
*DATABASE_EXTENT_BINARY, *DATABASE_BINARY_D3PLOT,
*INTERFACE_SPRINGBACK_LSDYNA).

Output Controls
Output Format

Binary File Size Scale Factor

Stress

Strain

Plastic Strain
Calculate Results At
--- Value

Stress File for flexible parts

Program Controlled
70
Yes

vNo
Yes

Equally Spaced Points
100
No

Output Format — BerxoaHo# opmat daii-
J0B ansys u/uim Is-dyna;

Stress — BBIBOJT HANPSIKCHUH;
Strain — BeIBOJI AedopMaIuii;

Plastic Strain — BbIBOI MJ1aCTUYECKUX JE-

dbopmanuii;

Calculate Results At — coxpanenue pe3yJib-
TaTOB (OIpeIeIeHNE YaCTOThI 3aMCH UK

BPEMEHU COXPAHECHUS);
Value — 3Hauenue;

Stress File for flexible parts — coxpanenue

BBIXOJTHOTO (paiina .

Ornpenenenre BBIXOIHBIX TapaMETPOB BPEMEHHOW UCTOPUH

Project — Model — Workbench LS-DYNA — Analysis setting, 3a-
kinaaka Time History Output Control (*"DATABASE_ ASCII).

Time History Output Con

Calculate Results At
--- Value
Output

trols

Equally Spaced Points

1000
No

Calculate Results At — coxpaneHnue pe3yib-
TaToOB (OMPE/ICICHUE YaCTOThI 3AIUCH HITH

BPEMEHHU COXPAaHEHUS);
Value — 35auenue;

Output — BeiBox ASCII ¢aiinos BNDOUT,
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DEFGEO, DEFORC, GCEOUT, GLSTAT,
JNTFORC, NODOUT, MATSUM,
NCFORC, RBDOUT, RCFORC,
RWFORC, SLEOUT, SPCFORC,
SWFORC

1.3. Hurerpamus LS-Dyna B Ansys Workbench.

Jlnst uaTerpanuu KiaoueBbix cioB mporpammbl LS-DYNA B Ansys
Workbench mMory npumMeHSTBCS CeIyIONMe KOMaH/IbI,

JIiist BKITFOUCHHSI YacTH Ipyroro K ¢aiin B JaHHBIN (aii UCTIONb3y-
€TCsl KOMaH/1a:
Project — Model — Workbench LS-DYNA — Input File Include

TpeOyercst yka3aTh Ha3BaHUE TOJI-

1| File
File Name

File St»a»tus‘FHe not found FPY)I(aGMOFO k Q)aﬁﬂa

ET7 S | S-DYNA

JIy1st pyqHOTO BBOJA KITFOUEBBIX CJIOB MCIIOIB3YETCS KOMaH/A!
Project — Model — Workbench LS-DYNA — Keyword Snippet

B aTOM citydae BMecTo Mojaenu OTKpbiBaeTcss okHo Command, rae
BBOJSITCS JOTOJHUTENIbHBIE KIIFOUEBBIE CI0Ba (KOTOPBIX HET IO yMOJ4a-

Huto B mporpamme Ansys Workbench Is-dyna).

Commands

s Keyword Snippet
3 Do not leave any unintenticnal empty lines in this editoer

Jlns Oosee TIIATENILHOM MPaBKM MOXKHO MCIOJIb30BaTh TEKCTOBBIN

peIaKTop WK APYToH mpemnpolieccop, Hampumep, LS-PREPOST.
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JIJIs 3TOTO MO’KHO HCITOJIB30BaTh MKOHKY JJIsA coXpaHeHus K-gaiina

(BepxHEe MEHIO).
LSDYNA Pre @Part v @ Constraints v i TimeHistory v @ B @ & o @ O

7= Write Solver File

OnHako B 3TOM ciydYae 3alycK Ha pacyeT MPOUCXOAUT U3 OKHA Mpo-
rpamMmbl LS-DYNA (ucnonwsiys menemxep LS-DYNA unu ¢ momotnsio
KOHCOJIM) M pacyeT Heab3s Oymer mocMmorpeTh B Ansys Workbench. Ho B
3TOM Ccllydae MOXHO HCTOib30BaTh Bee Bo3moxkHocTh LS-DYNA mo kitro-

YCBbIM CJIOBaM.

1.4. Amnanm3 pe3yabTatoB B ANSys.

JIns1 BBIBOZIA PE3YJIBTATOB MOCJE 3aIIyCKa HA PACUET UCIIOJIb3YETCS
Menro Solution:

Project — Model — Workbench LS-DYNA — Solution

BbIBOJ HEOOXOIUMBIX MMAPaMETPOB MOKHO OCYIIECTBUTH, HAXKAB JIE-
BOI KHOIIKOM MBIIIH 10 MeHI0 Solution — Insert.

[IporpamMmma no3BOMSIET OCYIIECTBUTH BBIBOJI CBSA3aHHBIN ¢ nedopma-
musmu: Total, Directional, Total Velocity, Directional Velocity, Total Ac-
celeration, Directional Acceleration .

BBIBOI[ nedopmanui:
Sohlbon
= T BT . -
,,@ Total [ Stress » | B4, Directional

i : Clear Generated Data
‘o M Equiva <] Linearized Stress 4 @v Total Velocity

alb Rename (F2) '@ Directional Veloci
t

= T Z Stress Tool A et c.mty

[_] Group All Similar Children B Total Acceleration

Prob » | B Directi i
2 Open Solver Files Directory robe “ Directional Acceleration
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BreiBog nHanpspkenuii: Equivalent (von_Mises), Maximum Principal,
Middle Principal, Minimum Principal, Maximum Principal, Intensity,
Normal Shear, Vector Principal

B ./D Solution (; . TEEENE
A solunc_ Deformation > |
T TR % oot o
i g otal 2] Clear Generated Data " _ 550 Equ1.valent (Vf)n.MISES)
"""" e aIb Rename (F2) Linearized Stress » | B Maximum Principal
e T ook @ Middle Principal
| D Group All Similar Children @ Minimum Principal
= Prob » m
4 '_4 Open Solver Files Directory fONs . Maxnrr?um Shear
1 [57 Worksheet: Result Summary B4 User Defined Result % Intensity
= - 8 Normal
§ Contact Normal Pressure @G Shear

{ @ Contact Shear Stress

1 B4 Vector Principal
| @3 Nodal Contact Force [0 P

Jlst BeIBOAA Aedopmaliuii Mo ocsiM KOOPJMHAT MPH 3aIllyCKe pacyeTa
HY>KHO HE 3a0bITh aKTUBUPOBATH BBIBOJ 1€(POpMAIIHIi:

Project — Model — Workbench LS-DYNA — Analysis setting, 3a-
kiaaka Output Control

E Output Controls
1 Output Format br_ogramNCon-t.roI'IEd-
| Binary File Size Scale Factor 70
Stress | Yes
e =
| Plastic Strain | ves ‘
Calculate Results At Program Controlled
Stress Flle forflexuble parts j—Nb S

Kpome 3Toro, st TOUHOro BBIBOJIa aHUMALIMK HYXKHO CJI€JIaTh BbI-
BOJI B peaJibHOM Maciutade. J[Jig 3Toro B BEpXHEM MEHIO HY>KHO BbIOPAThH

BeIBOJ pe3ynbraToB 1.0 (True Scale).

:Result 6, 2e-002 [Auto Scale .v

0.0 (Undeformed
| Lsovn 1.0 (Truie Scale) ct Too
Outline |3,1e-002 (0.5x Autd)

6,2e-002 (Auto Scale) [ re—
| Filter: 0,12 (2x Auto)
— 10,31 (5x Auto) —

L

I[JBI BbIBO/J1d JOIIOJIHUTECIBbHBIX JAHHBIX MOXHO HCIIOJIB30BATh BBIBO
User Defined Result.
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& @l
AAAAAAA gy e [Ee— :

....... E i St »
,,,,,,, ‘/@ Uqun. 2] Clear Generated Data .ress.
ep USET Linearized Stress 4

»»»»»»» B, User| &b Rename (F2)
....... 2 Globz St Tool >
AAAAAAA Y Cont L] Group Al Similar Children ress Toe
»»»»»»» B > T Prob >

viz Mats oy Open Solver Files Directory i

Worksheet: Result Summary }%,l User Defined Result

B sTom ciydae B okne User Defined Result moctynen BBoj paciiu-

peHust EXpression KoTopelii 03Ha4aeT BBIBOJI IO ONPEACICHHOMY ITapaMeT-

py-

Details of "User Defined Result 3"

[=I| Scope
Scoping Method Geometry Selection
Geometry All Bodies

[=1| Definition
}ype User Defined Result
Expression =
Input Unit System Metric (mm, t, N, s, mV, mA)

VY3HaTh Kakoe 0003HaYEHHE COOTBETCTBYET BBOY B PaCIIUPEHUS
Expression mosxuo npu momonu ukounku Worksheet (Bepxuee menro mpo-

TPaMMBI)

tﬁ J“_ht [ @ @'!Worksheet ik r‘_

Tabmuna ¢ pacmmpenusMu EXpPression npupeneHa Huxe
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Type | Data Type ] Data Style Component Expression Output Unit
U Nodal Scalar X UX Displacement
U Nodal Scalar Y uy Displacement
U Nodal Scalar z vz Displacement
U Nodal Scalar SUM Usum Displacement
U Nodal Vector VECTORS UVECTORS Displacement
v Nodal Scalar X VX Velocity

v Nodal Scalar Y vy Velocity

v Nodal Scalar z vz Velocity

Vv Nodal Scalar SUM VSUM Velocity

' Nodal Vector VECTORS VVECTORS Velocity

A Nodal Scalar X AX Acceleration
A Nodal Scalar Y AY Acceleration
A Nodal Scalar z AZ Acceleration
A Nodal Scalar SUM ASUM Acceleration
A Nodal Vector VECTORS AVECTORS Acceleration
S Element Nodal Scalar X SX Stress

S Element Nodal Scalar Y SY Stress

S Element Nodal Scalar z SZ Stress

S Element Nodal Scalar XY SXY Stress

S Element Nodal Scalar YZ SYZ Stress

S Element Nodal Scalar XZ SXZ Stress

S Element Nodal Scalar 1 S1 Stress

S Element Nodal Scalar 2 S2 Stress

S Element Nodal Scalar 3 S3 Stress

S Element Nodal Scalar INT SINT Stress

S Element Nodal Scalar EQV SEQV Stress

S Element Nodal Tensor VECTORS SVECTORS Stress

S Element Nodal Scalar MAXSHEAR SMAXSHEAR Stress
EROSION Elemental Scalar EROSION No Units
EPTO Element Nodal Scalar X EPTOX Strain

EPTO Element Nodal Scalar Y EPTOY Strain

EPTO Element Nodal Scalar z EPTOZ Strain

EPTO Element Nodal Scalar XY EPTOXY Strain

EPTO Element Nodal Scalar YZ EPTOYZ Strain

EPTO Element Nodal Scalar XZ EPTOXZ Strain

EPTO Element Nodal Scalar 1 EPTO1 Strain

EPTO Element Nodal Scalar 2 EPTO2 Strain

EPTO Element Nodal Scalar 3 EPTO3 Strain

EPTO Element Nodal Scalar INT EPTOINT Strain

EPTO Element Nodal Tensor VECTORS EPTOVECTORS Strain

EPTO Element Nodal Scalar MAXSHEAR EPTOMAXSHEAR Strain

EPEL Element Nodal Scalar X EPELX Strain

EPEL Element Nodal Scalar Y EPELY Strain

EPEL Element Nodal Scalar z EPELZ Strain

EPEL Element Nodal Scalar XY EPELXY Strain

EPEL Element Nodal Scalar YZ EPELYZ Strain

EPEL Element Nodal Scalar XZ EPELXZ Strain

EPEL Element Nodal Scalar 1 EPEL1 Strain

EPEL Element Nodal Scalar 2 EPEL2 Strain

EPEL Element Nodal Scalar 3 EPEL3 Strain

EPEL Element Nodal Scalar INT EPELINT Strain

EPEL Element Nodal Tensor VECTORS EPELVECTORS Strain

EPEL Element Nodal Scalar MAXSHEAR EPELMAXSHEAR Strain

EPPL Element Nodal Scalar X EPPLX Strain

EPPL Element Nodal Scalar ¥ EPPLY Strain

EPPL Element Nodal Scalar z EPPLZ Strain

EPPL Element Nodal Scalar XY EPPLXY Strain

EPPL Element Nodal Scalar YZ EPPLYZ Strain

EPPL Element Nodal Scalar XZ EPPLXZ Strain

EPPL Element Nodal Scalar 1 EPPL1 Strain

EPPL Element Nodal Scalar 2 EPPL2 Strain

EPPL Element Nodal Scalar 3 EPPL3 Strain

EPPL Element Nodal Scalar INT EPPLINT Strain

EPPL Element Nodal Tensor VECTORS EPPLVECTORS Strain

EPPL Element Nodal Scalar MAXSHEAR EPPLMAXSHEAR Strain

EPS Element Nodal Scalar EPS Strain

TEMP Nodal ; Scalar TEMP Temperature

JlaHHBIMY 3HAYEHUSIMU TIOJI30BAThCsI IOBOJIBHO y100HO. Hammpumep,
pacmupenne EPS ocymecTBisier BBIBOI 10 TUTACTHYECKUM AehopMaIusm
o VVon Mises.
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Jl1st BBIBO/1a TPahKOB MO Pa3IUIHBIM MapaMeTpaM (SHEPTHUH, YCH-
JUi, KOHTaKTHBIX 3Ha4YeHuH U T.11.), 3HadeHuss ASCII LS-DYNA ucmnosms-

3yCTCA KOMaHa:

Project — Model — Workbench LS-DYNA — Analysis setting, 3a-
kiaagka Time History Output Control

Details of "Analysis Settings”

Boundary Condition Forces and Energy
Deformed Geometry Data
Discrete Elements Data

Element Data
Geometry Contact Entities
-/ Time History Output Controls Global Data

Calculate Results At Joint Force Data
Material energies Data
TOOU

--- Value

T S -

riae Value komnuectBo Touek 3anuceit (mo ymorganuio 1000)

[Tpumeps! Beixoansix napamerpo ASCII.

* GLSTAT ( Kinetic Energy, Internal Energy, Total Energy, Hour-
glass, ....);

« BNDOUT ( Boundary Conditions Data);
* RCFORC ( Contact Forces Data);

* SPCFORC ( Reaction Forces, used the * BOUNDARY SPC (
Fixed Support);

* MATSUM ( Energy Body Data);

* NODOUT ( Nodal Data) /[is1 BeIBO1a Y3JIOBBIX JaHHBIX

HeoOxoumo onpenenenue Tpekepos (Tracker), m.2.2.6.

[Ipu ananu3ze pe3ysbTaTOB B pabOUYEM OKHE BBIBOISITCS PE3YJIbTaThI
pacudeTa B BUAE COXPAHEHHBIX 3TanoB. 110 yMomyaHUio KOJIMYECTBO COXpa-
HEeHHBIX 3TanoB 20. MI3MEHUTh KOJMYECTBO COXPAHEHHBIX ATANOB MOXHO

npu oMo komauael Project — Model — Workbench LS-DYNA —
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Analysis setting, 3akmagka Output Control, Calculate Results at — Equally
Spaces Point, Value = 100 (pekomenmyetcsi moJyib3oBatensiMu |S-dyna).
Kpome 3T0ro mas coxpaHeHHs HaUpsOKECHHE IS Ae(pOPMHUPYEMbIX dacTei
MOKHO ycTaHOBUTH mapametp Stress File for flexible parts — Yes.

[Ton paGoyrM OKHOM BBIBOJIUTCS MAHENb aHUMalUU (J1s1 yrpaBJie-
HUS M COXpaHEHUs aHuManuu). Taxke BIBOAUTCS rpaduk 3HAUCHUHN AJIs
CHMMAEMOTO ITapaMeTpa Il MUHUMAJIBHOTO, MAKCUMAJIBHOTO U CPEHETO

3HA4YCHUA U Ta6J'IPII_Ia C OTUMHU 3HAYCHUSIMU.

Graph R Tabular Data 2
| Animation [« B[ W ] [0 W1 | 20 Frames v [2seciauto) | T | & g [[Timelsl [[¥ Minimum (mm) [[¢" Masimum [mm] [[¥ Averaqe [mm]
7' 0, 0, 0, 0,
2,9556e-4

2] 2,9556e-004 0, 1,4778 0,14526

14778
)
£
E

05

0, 4,65 8,e-5 1,2e4 16e4 2,e4 2,9556e-4
[s]

B pe3yiibTaTaX MOKHO BBIBCCTH 3HAYCHHUA B 30HAX KOHTAKTA (HpI/I

ucnoib3oBannu Manual Contact Region).

BpiBOA MaHHBIX mapaMeTpOB MOKHO OCYIIECTBUTh, HAXaB JICBOU

KHONKOM MbIu 1o meHro Solution — Insert

»
= Solve (FS5) if’e“, S streee ,

-/ Evaluate All Results
Stress Tool 4

2 Clear Generated Data

»
dlb Rename (F2) Riohe

[Z] Group All Similar Children & Ue Defined Reit

Il
. : 3 | Contact N I P
> Open Solver Files Directory b Contact Normal Pressure____|

Worksheet: Result Summary e
~ % Nodal Contact Force
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B ciryyae ecnu kakue TO TaHHBIE HE MOJIY4aeTCs U3BJIEYb U3 COXPAaH-
HOI 0a3bl JAHHBIX, TO ATO MOXHO CJIeNIaTh UCIIONB3YS Ipemnpoieccop LS-

PREPOST, OecnimaTHo mocTaBiIsieMbli Ji1a noibs3oBaTeied LS-DYNA.

[Tporpamma Is-dyna (ansys workbench Is-dyna) moxkeT ucmosn3o-
BaTh JUHEUHBIC U KBaApaTUYIHBIC 3JICMCHTEI. KBaz[paTHque JJICMECHTBI
MIPEIOoIararoT UCIOIb30BAaHUE CPEIHETO JOTIOJHUTEIBHOTO y3JIa 10 peo-

py dIIeMeHTa

OCHOBHBIC BN JbI JIMHENHBIX U KBaAPATUYIHBIX 3JICMCHTOB

Twun pnemeH- Jlunenupie* KBangpaTtuunpbie®*
Ta
[Ipsmo- 2 4 2 6 4
YTOJIbHbBIE
shell ! P
1 3 1 8 3
ELFORM:=2 ELFORM:=23

6-1 rpaHHBIN

solid

ELFORM:=23

4-X TpaHHbBIN 2 2

. /| AN
solid _ /’ E\ ?/ K
: A // 6

.///// \Q_\s / \\‘9\ 3
s EL/xif"&
ELFORM:=10 ELFORM:=16
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*Onpenenenune B mporpamme Ansys Workbench Is-dyna: Project —
Model — Mesh; Element Order — Linear.

**Onpenenenue B nporpamme Ansys Workbench Is-dyna: Project —
Model — Mesh; Element Order — Linear.

1.5. LS-Dyna: npeumyiecTBa 1 HeI0CTATKH

1.5.1. IIpeumymectBa nporpammel LS-DYNA Ha ocHOBe mipenocT-
nporeccopa LS-PREPOST

[Iporpamma LS-DYNA nHa ocHoBe npemnocTipoieccopa LS-

PREPOST umeer cnenytoiine nperumMyIiecTBa:

- MMOJIHBIM Ha6op KIHOYCBLIX CJIOB ITO3BOJIAIOIINX PCIIATh 3a1a49U
IMPOYHOCTH, THAPOTra30AMHAMMNKHA, SJICKTPOAUHAMUKMU, MYJIBTI/I(I)I/ISI/I‘IHBIG

Y IpyTUe 3a0a4u;

- TOCTYT KO BCEM HACTPOMKAM U OMITUSM MPOTPAMMBI C TIOJIPOOHBIM

ONMCAaHHUEM Ka)KJI0M ONIUU;

- MPOCTOW ¥ OECIIIIATHBIN MPEMPOIECCop “3aTOUHEHHBIA HETOCPE-
cTBeHHO noa nporpammy LS-DYNA, no3Bossitonuii co3gaBath MOJEIH
1oJ1 Takkue MeToibl pacueta kak SPH (Smooth Particle Hydrodynamics),
DEM (Discrete Element Method), SPG (smooth particle Galerkin) u ap.

- OCTIPOIIECCOP TO3BOJIAET Cpa3y MOCIIE 3aImyCcKa pacuyera mpocMar-
pHUBaTh pe3yabTaThl (IIpH 3amycke (aiijia Ha pacyeT U COXPaHCHUH IIEPBOIO
3dplot ¢aiina pe3yabTaThl MOKHO Cpa3y IPOCMOTPETH B MPEIPOIIECCOPE
LS-PREPOST (Bepxnee menro - File — Open — LS-DYNA Binary plot). B
mpoliecce MPOXOKIACHUS pacuera OyayT coXpaHsaThcs HoBbie A3plot daii-

JIbl, UX TAKKC MOXHO ITOATPY3UTH HUCIIOJIb3Y: BerHee MmeHro — File — Up'
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date. JIpyro¥i BapraHT 3aKpbITh U OTKPHITH IS-Prepost 3aHoro u 3arpy3uTh
coxpanennbie d3plot daiiner File — Open — LS-DYNA Binary plot).

- cTouMOoCTh (cTommocTh mporpammbl LS-DYNA ¢ mpenporieccopom
Is-prepost Huxe npuMepHo B 2,5-3 pasa 1o CpaBHEHHUIO ¢ IPOrpaMMOi
ANSYS Workbench LS-DYNA). I1pu 3TOM CTOUMOCTB 3aBUCUT HA CKOJIb-
KO si/Iep MOKYyMaeTcs JIMIEH3Us U CHUXKAETCS B HECKOJIBKO pa3 MpH MOKYTI-

K€ HauuHas ¢ 4-ro sapa.

1.5.2. Henocratku nporpammel LS-DYNA Ha ocHOBE IpernocTipo-
neccopa LS-PREPOST

[Tporpamma LS-DYNA Ha ocHOBe mnipenoctporeccopa LS-

PREPOST umeer cnenyroiine HeJOCTaTKU:

- HEOOXOIMMOCTD 3a/1aBaTh BPYUHYIO BCE TPeOyeMbI€ KIHOUEBbIE

CJIOBa;

- CCTOUHBIN F'eHEepaTOp HE MO3BOJISIET CO3/IaBaTh T'€KCArOHAJIbHbBIC
(kybnueckue, HeX) ceTku A CloXHBIX OOBEMHBIX Tell. B aToM cityuae
MPUXOUTCS UCIIOIB30BaTh Pa30MBKY reOMETpUM Ha 00Jiee MPOCThIE YacCTH
C OCJIEAYIOIIEH HAHECEHUEM CETKH, YTO B PAJIE CIYyYaeB TAKKE BbIIAET
omuOKy. B TaHHBIX CIydasiX MPUXOIUTCS UCTIO0JIb30BaTh TeTpa’apalibHYIO
CETKY KOTOpasi Tpe0yeT UCTIOIB30BAHUS OOJIBIIEro KOJUYECTBA IJIEMEHTOB
Y, KaK MPaBWIO, HE PEKOMEHIYETCS IJIs1 TUHAMUYECKUX PACYETOB C O00Ib-

MU AeopMalusiMu.

1.6. ANSYS Workbench/LS-Dyna: nmpenmyiecTBa u HeIOCTATKH
1.6.1. ITpeumymecta mporpammel ANSYS Workbench/LS Dyna

[Tporpamma ANSYS Workbench/LS Dyna umeer cienytoiue npe-

VMMYILIECTBA:
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- YIOPOIIEHHBIA BBOJ IapaMETPOB JJIs pacdera (XapakTepHBIA IS
nosb3oBarencii Ansys Workbench); mpumep (KOJU4eCTBO KIIMKOB MBIIIIH -

IPaHUYHBIE YCIIOBUA);
- YIOOHBIN M OTHOCUTEIHFHO HOBBIN MPEMOCTIIPOIIECCOD;

- MHOTHE KJIFOUEBBIC CJIOBA, KOHTPOJIbHBIC U BBIXOHBIC KapThl (data-

base) co3garoTcst aBToMaTHUeCKH (HE HY)KHO MX BBOIHTH);

Hampumep, n1s npumepa 1 (co cdepoit) 10moTHUTEILHO CO30AI0TC

JAHHBIC KapThI.

*DATABASE_FORMAT, *CONTROL_TIMESTERP,
*CONTROL_CONTACT, *CONTROL_ENERGY,
*CONTROL_BULK_VISCOSITY, *CONTROL_SOLID,
*CONTROL_SHELL, *CONTROL_OUTPUT,
*CONTROL_PARALLEL, *CONTROL_SOLUTION,
*CONTROL_ALE, *CONTROL_RIGID,
*DEFINE_COORDINATE_SYSTEM,
*DATABASE_BINARY_INTFOR

OTU KapThl TO3BOJISIOT 00ECIEYUTh BHIBOJ JOMOTHUTEIBHBIX Mapa-
METPOB, J00ABIISIOT BSI3KOCTh B MOJIeh U Jp. VIX BBIBOJ CBSI3aH C 0COOCH-
HocTsMU co3aanus K daiina B mporpamme ANSY'S. OTnenbHble KapThl CO-
JepKaTh MapameTphl MO0 YMOJTYAHUIO U HE UCIOJIB3YIOTCS B pacyeTe pac-
cmarpuBaeMbix mpuMepoB. Hampumep, kapra *CONTROL_SOLUTION
no ymonuanuto umeet napametp SOLN=0, uro coorBercTByeT Structural
analysis 1 He ucnoaw3yercs B pacuere. Ho mpu perieHnn TEIIOBbIX 3a7ay
napametp SOLN Oyner 3amenen Ha | wim 2 ¥ TOTZAa 3TO YYUTHIBAETCS

IIPOrpaMMON.

*DATABASE_FORMAT — mo3BomsieT yka3aTh porpamme Jisi Ka-
KOM mporpammbl Jenath BbIXOAHbIE ¢aiibl (Ansys wiu Ls-dyna). Ilo

ymomgaauio Toiabko LS-DYNA.

44



*CONTROL_TIMESTEP — nmo3BossieT 3a1aTh Bpy4YHYI0 BPEMEHHOM
war. [lo ymonuanuro onpenensercs apromatudyecku. Ho B maHHOM Kapte
Takke aktuBupoBaHa onumu ERODE = 1, yto mo3Bomiser ynmansate die-

MCHTBHI IIPHU 3HAYHUTCIIbHOM €T'0 HCKAKCHUU.

*CONTROL_CONTACT — nampumep, cpa3y YCTaHOBJICHA OIILIMS

IGNORE=2, 4T0 103BOJISICT yUUTHIBATh HauaJbHBIC MPOHUKHOBEHHS.

*CONTROL_ENERGY - Bce mapameTpbl yCTaHOBIICHBI B 3HAUCHUS

2, 4yTo oOecreynBaeT COXpaHEHHUE BCE IHEPTUH TpoIiecca.

*CONTROL_BULK VISCOSITY — no6aBnser HEOOIBIIYIO BS3-

KOCTb B MOJI€JIb.

*CONTROL_SOLID — Bkmrouena onmmst ESORT mnst coptupoBku
2JIEMEHTOB (B clly4ae MPUMEHCHHUS OJHOBPEMEHHO HECKOJBKHX THIIOB

3JIEMEHTOB B OJIHOM YaCTH).

*CONTROL_SHELL - Bkmtouena onmuss ESORT st coptupoBku
JIEMEHTOB (B Clly4ae INPUMEHEHUS OJHOBPEMEHHO HECKOJBKUX THIIOB
AJIEMEHTOB B OJIHOM YacTH), aKTUBUPOBAH YYET HM3MEHEHHMsS TOJIIMHBI

ISTUPD, noGaBiieHa »ecTKOCTh B Mozielb (mapamerp BWC).

*CONTROL_OUTPUT — nactpoiika BbIXOJHBIX MapamerpoB. He

BBIBOIATCA Y3JIOBBIC KOOPAMHATBLI, HAYAJIBHBIC CKOPOCTH U AP. (HapaMeTp
NPOPT).

*CONTROL_PARALLEL — nacTpoiika KOJIM4€CTBO UCIOJIb3yEMBbIX
aaep.

*CONTROL_ALE — nacrpoiika ALE pemarens (B Hamux npume-

pax He UCIOJIb3YyEeTCs).

*CONTROL_RIGID — xontposs Rigid Ten, Bce mapamerpsl Mo

YMOJYaHHUIO.
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*DEFINE_COORDINATE_SYSTEM - omnpenenenue J0KanbHOM
CHUCTEMBbI KOOPJHHAT, 110 YMOJYaHUIO COOTBETCTBYET INIO0ATBHOM CHCTEME

KOOPJUHAT.

*DATABASE_BINARY_INTFOR — coxpaHeHue BBIXOAHBIX JaH-

HBIX OJIA KOHTAKTHOM ITOBCPXHOCTH.

- Xopomui cetouHblii pempakTop (mpemnporeccop Ansys Workbench
HUMEET XOPOIIKEe BO3MOKHOCTH 10 HAHECEHHUIO Pa3IMYHbIX BUIOB CETOK Ha

reoMeTpuro). JlocTaToOuHO MHOTO JINTEPATYPhl U BUACOYPOKOB HA 3Ty Te-
My.

[Mporpamma Ansys Workbench umeer BcTpoeHHBIN CEeTOUYHBINA pe-
JTAKTOpP, UMEIOINIA OOJIBIIIE BO3MOKHOCTH 10 HAHECCHHIO Ka4eCTBEHHOU
ceTkd. OCOOCHHOCThIO JUHAMUYECKUX MporpamMMm (K KOTOPBIM OTHOCHUTCS
nporpamMma lIs-dyna) smisercs wcmosib3oBaHue rekcoroHambHoro (HEX)
CETKH TIpU PABHOMEPHOM paCHpENICICHHN Pa3MEpPOB 3JIEMEHTOB IO BCE
monemu. [Iporpamma Ansys Workbench mo3Bossier ocymiecTBiaTs npume-
HeHue BupTyaibHOU Tomosiorun (Virturl topology) u ¢ ynporienuem reo-
metpun (defeaturing) mosBosstomuii co3AaTh CETKY 0€3 KECTKOM MPHUBS3-

KM K 'PaHULIaM [TIOBEPXHOCTEMN.

- HACTpPOWKAa W 3alyCK Ha pacueT OCYIISCTBISCTCS HE BBIXOAS W3
nporpammbl ANSY'S Workbench/LS Dyna;

- B mporpamme npu Hanuuue 2 u 0ojice Tel aBTOMATHUYECKU 3a/1aeT-
cst konTakT Connection — Body Interaction kotopsiii B K ¢aiine co3mact
kapry CONTACT AUTOMATIC SINGLE_SURFACE;

- [Iporpamma ANSYS Workbench/LS Dyna noanep:xuBaer Bce Ho-
BbIe pematenu IS-dyna (mpu HaJM4YuKM COOTBETCTBYIOIIEH JiniieH3un). T.e.
MOJKHO MCIIOJIb30BaTh caMble nocieanue Solver (pemarenmn) ot LS-DYNA.
(C caiita LSTC ckauuBaercsa nocnenusia sepcusi LS-DYNA, konupyercs B

nanky ANSYS c pemaremsimu LS-DYNA, nipu 3amycke ykaspIBaeTcsl Ha
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HOBBIM periaresb. Takke MOXKHO MPOCTO 3aMEHUTH (paiijl cTaporo pemiare-

JIs1 Ha HOBBIN);

- UMEETCSI BO3MOXKHOCTh JI00aBJISITh KJIFOUEBBIE CIOBA, KOTOPHIX HET
B TPENpOIECCOpe, TAKKEe MOXHO COXpaHuTh K-daitl ¢ mociemyromniei

MIPaBKOU B JIIOOOM JIPYTOM pEJIaKTOPE.

[Tporpamma Ansys Workbench LS-DYNA no3BossieT BBOJUTH KITHO-
YeBBIC CJIOBA KOTOPBIE OTCYTCTBYIOT C HCXOJHOM Tpemporeccope. Jlims
3TOTO HcToab3yercs okHO Keyword Snippet. B 370 0KkHO MOXHO BBECTH B
TEKCTOBOM BHJIE JIIOOBIC KJIIOUEBBIE CJIOBA, TAaKUM OOpa3oM MOXHO HC-

MOJI30BaTh BCE BO3MOXKHOCTH nporpaMmbl LS-DYNA.

Hpyroii  BapuanT 23TO co3manue B nporpamme  ANSYS
Workbench/LS Dyna Tonbko ceTOYHOW reoOMeTpHH M COoXpaHeHHeM K-
daiina. Jlanee nanHbiil paitin KOPPEKTUPYETCS U IOMOTHSAETCS JTUOO B TEK-
cToBOM pepaktope uiau B nporpamme LS-PREPOST. [IpeumyiectBa Ta-
KOro crnoco0a 3TO HCHOJb30BaHUE MPOJABUHYTOTO CETOYHOIO PEIAKTOPA
ANSYS, aBTOMaTH4E€CKOTO COXpPAaHEHHSI KOHTPOJIbHBIX KapT W JOTMOJHE-
HHUE, YUCTKa U TpaBka K daiina B mpemnpoieccope MmoIIepKUBAIOIINE BCE

BO3MOXKHOCTH IS-dyna.

Hampumep, npu OTCyTCTBUU HYKHOW MOJENM MaTepuayia kopoOa B
nporpamme ANSYS Workbench/LS Dyna B npumepe 3 MOXHO Tpuaep-

YKUBAThCA CIIEYIONICH MOC/IeI0BaTEIbHOCTH:

- TIOJITOTOBKA MOJIHOM MOJIEJIM KaK MPUBEJICHO paHee B pumMepe 3 (B

KauecTBE MOJICTIN MaTeprana kopodba BBOIUTCS Jit00as);
- coxpanenue K (aiina yepes Bepxuee menro — Write Solver File;
- mporpamma ANSY'S 3akpriBaercs;
- K ¢aiin otkpeiBaetcs B mporpamme LS-PREPOST;

- YAAIBICTCA MOACIIb Marcpuajia I<0p06a H BBOAUTCA HOBas MOACJIb

Marepuana;

47



- k-taiin 3amyckaercss Ha pacder. [ 3TOro MCHOIB3yeTCsS IPO-
rpamma Mechanical APDL Product Launcher, ucrnoab3yromias JUICH3UIO
ANSYS LS-DYNA;

- TIPOCMOTP PEe3YyJIbTATOB OCYIIECTBISIETCA B mocTmpolieccope LS-

PREPOST.
1.6.2. Hengocrarku mporpammbel ANSYS Workbench/LS Dyna

- HACTPOMKHM Mpernpoueccopa IMO3BOISIOT OCYIIECTBISATh PacyeT
TOJBKO TPOIECCOB AeHOPMUPOBAHUSI TBEPJbIX TeN (3aJauyd MPOYHOCTH,

3agaun metal forming, ynapa, apon-recTsl);

- HEBO3MOXXHOCTb KOpPPEKTHUpOBKH B mnpenpoueccope ANSYS

Workbench HEKOTOPBIX KIIOYEBBIX CIIOB;

- coxpaHseMbIi K (a1 colIepXUT MHOTO MYCTHIX KapT (KIOYECBBIX

CJIOB);

CoxpansieMblii K-¢aiisl coiep’KUT HECKOJIbKO KIIFOUEBBIX CIIOB KOTO-
pbI€ HE aKTUBUPOBAHBI U HE YYACTBYIOT B pacueTe (T.€. UX MOXKHO HE 3aja-
BaTh ISl MPUBEJICHHBIX paHee nMpumepoB). [IpuMepsl JaHHBIX KIIFOYEBBIX
CJIOB *DATABASE_FORMAT, *CONTROL_OUTPUT,
*CONTROL_PARALLEL, *CONTROL_SOLUTION,
*CONTROL_ALE, *CONTROL_RIGID

Hampumep kmoueBoe cioBo *CONTROL_ALE ne ucnonsizyercs B
JlarpankeBoM MeToze (KOTOPBIM MpUMEHsAETCsl BO Beex 3-X mpumepax). 1
HaJIM4KE 3TOr0 KIKYEBOIO CJI0BA € [TapaMeTpaMu 110 YMOJIYAHUIO HE aKTH-
Bupyetr meton ALE (JlarpanxxeBo-Eitnepossiit meton). [loatomy 31O KITtO-

YCBOC CJIOBO MOKHO HC 3a1aBaTb

- HCBO3MOXHOCTb ITPOCMOTpPpaA pE3yJabTAaTOB pacdcTa B IPCIPOLCCCO-

pe ANSYS Workbench o 3aBepmienus pacuera,

- IIpHU ONPCACIICHUHN KOHTAKTA MCKIAY YaCTAMH MOICIN Tpe6yeTCH

HECKOJIBKO OOJIBITUX JCHCTBUI ueM B IS-prepost: cHavana ymansercs KOH-
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TaKT 3aJlaHHbI 1Mo ymomuanuto (Body Interaction), zarem ompenensiercs
koHTakT uyepe3 Manual contact region, rae ompenensercs Frictionless,
Frictional mau Bonded xonrakr, a 3atem B maneaun Workbench LS-DYNA
onpexaensercs Contact Properties rine onpenensercs Automatic, Forming

wiu Eroding konrakt/

1.7. ®@opmyauposku Shell anementoB B Ansys Workbenck LS-
DYNA

Bcero ucnonszyercst 14 popmynupoBok. Kak BUIHO U3 TabIUIIbI

OHH TIOJIHOCTBIO COOTBETCTBYIOT (hopmysinpoBkam u3 LS-PREPOST.

[To ymomuanuto (Program Controlled) ucnons3yercst popmyanpoBka
No2

Formulation in Ansys LS- Formulation in Is-prepost
Workbench Is-dyna DYNA Model — Keyword - SEC-
Project — model — D 110N _SHELL

Workench Is-dyna - Sec-

tion

Program Controlled 2 Belytschko-Tsay (default)
Hughes-Liu 1 Hughes-Liu
Belytschko-Tsay 2 Belytschko-Tsay (default)
BCIZ Triangular Shell 3 BCIZ triangular shell

CO Triangular Shell 4 CO triangular shell
Belytschko-Tsay 5 Belytschko-Tsay membrane
membrane

S/R Hughes-Liu 6 S/R Hughes-Liu
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S/R Co-Rotational 7 S/R co-rotational Hughes-Liu
Hughes-Liu
Belytschko-Leviathan 8 Belytschko-Leviathan shell
Shell
Fully Integrated Be- 9 Fully integrated Belytschko-Tsay
lytschko-Tsay Membrane membrane
Belytschko-Wong-Chiang 10 Belytschko-Wong-Chiang
Fast (Co-Rotational) 11 Fast (co-rotational) Hughes-Liu
Hughes-Liu
12 Plane stress (x-y plane)
13 Plane strain (x-y plane)
14 Axisymmetric solid (y-axis of
symmetry) - area weighted
15 Axisymmetric solid (y-axis of
symmetry) - volume weighted
Fully Integrated Shell 16 Fully integrated shell element
Element (very fast)
-16 Fully integrated shell element
modified for higher accuracy
17 Fully Integrated DKT, triangular
shell element
18 Fully Integrated linear DK gaudri-
lateral/triangular shell
20 Fully integrated linear assumed
strain CO shell
21 Fully integrated linear strain CO

50




shell (5DOF)

22 Linear shear panel element (3 DOF

per node)
8-node Quadratic 23 8-node quadrilateral shell (under
Quadrilateral Shell development)
6-node Quadratic 24 6-node quadratic triangular shell
Triangular Shell (under development)

25 Belytschko-Tsay shell with thick-
ness stretch

26 Fully integrated shell with thick-
ness stretch

27 CO triangular shell with thickness
stretch

29 Cohesive shell element for edge-
to-edge connection of shells.

-29 Cohesive shell element for edge-
to-edge connection of shells (more
suitable for pure shear)

31 1 point eulerian Navier-Stokes

32 8 point Eulerian Navier-Stokes

33 CVFEM Eulerian Navier-Stokes

41 Mesh-free (EFG) shell local ap-
proach. (more suitable for crash-
worthiness analysis)

42 Mesh-free (EFG) shell global ap-

proach. (more suitable for metal
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forming analysis)

43

Mesh-free (EFG) plane strain for-
mulation (x-y plane)

44

Mesh-free (EFG) axisymmetric
solid formulation (x-y plane, y-axis
of symmetry)

46

Cohesive element for two-
dimensional plane strain, plane
stress, and area-weighted axisym-
metric problems (type 14 shells)

47

Cohesive element for two-
dimensional volume-weighted ax-
iIsymmetric problems (use with
type 15 shells)

B Is-prepost va nanubiii MomMeHT 38 dhopmynupoBok kaptel Shell

1.8. ®opmyauposku Solid amementoB B Ansys Workbenck LS-

DYNA.

Bcero ucnonssyercss 12 dpopmynupoBok. Kak BUIHO M3 TaOIUIIBI

OHU TPAKTUYECKHU TMOJHOCThIO COOTBETCTBYIOT (opmysupoBkam u3 LS-

PREPOST.

[To ymomuanuto (Program Controlled) ncrons3yercst popmyaupoBka

Nel

Formulation in Ansys
Workbench Is-dyna

Project — model —
Workench Is-dyna -

LS-
DYNA
ID

Formulation in Is-prepost

Model — Keyword - SEC-
TION_SOLID
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Section

Program Controlled 1 constant stress solid element (default)
1 Point Corotational 0 1 point corotational
Constant Stress Solid 1 constant stress solid element (default)
Element
Fully Integrated S/R 2 fully integrated S/R solid
Solid
Fully Integrated Quad- 3 fully integrated quadratic 8 node ele-
ratic 8 node Element ment with nodal rotations
with Nodal Rotations
S/R Quadratic 4 S/R quadratic tetrahedron element
Tetrahedron with nodal rotations
5 1 point ALE
6 1 point Eulerian,
7 1 point Eulerian ambient, EQ.8:
acoustic,
9 1 point corotational for
*MAT_MODIFIED _HONEYCOMB,
1 point tetrahedron 10 1 point tetrahedron
11 1 point ALE multi-material element,
12 1 point integration with single materi-
al and void,
1 point Nodal Pressure 13 1 point nodal pressure tetrahedron for
Tetrahedron bulk forming
14 8 point acoustic
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2 point Pentahedron 15 2 point pentahedron element
Element
4 or 5 point 10-noded 16 5 point 10 noded tetrahedron
Tetrahedron
10-noded Composite 17 10-noded composite tetrahedron
Tetrahedron
Poor Aspect Ratio, Ful- -2 fully integrated S/R solid intended for
ly Integrated S/R Solid elements with poor aspect ratio, accu-
. Accurate Formulation rate formulation.
Poor Aspect Ratio, Ful- -1 fully integrated S/R solid intended for
ly Integrated S/R Solid elements with poor aspect ratio, effi-
. Efficient Formulation cient formulation
18 8 point enhanced strain solid element
for linear statics only,
19 4 point cohesive element,
20 4 point cohesive element with offsets
for use with shells,
21 6-noded, 1 point pentahedron cohe-
sive element
22 6-noded, 1 point pentahedron cohe-
sive element with offsets for use with
shells.
23 20-node hexahedron formulation.
24 27-node hexahedron formulation.
25 21-node pentahedron formulation
26 15-node tetrahedron formulation
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41 Mesh-free (EFG) solid formulation

42 Adaptive 4-noded mesh-free (EFG)
solid formulation

43 Mesh-free enriched finite element

45 Tied Mesh-free enriched finite ele-
ment

47 Smoothed particle Galerkin method

98 Interpolation solid

99 Simplified linear element for time-
domain vibration studies,

101 User defined solid.

115 1 point pentahedron element with
hourglass control.

201 Isogeometric solids with NURBS

B Is-prepost Ha gannbIii MOMeHT 38 GopmynupoBok kapthl Solid

1.9. Moaenu matepuaJsioB aocrymubie B Ansys Workbenck LS-DYNA

Howmep marepua- | HaumenoBanue

na

Matl MAT_ELASTIC

Mat2 MAT_ORTHOTROPIC_ELASTIC
Mat3 MAT_PLASTIC_KINEMATIC
Mat7 MAT_BLATZ-KO_RUBBER
Matl5 MAT_JOHNSON_COOK
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Mat18 MAT POWER_LAW PLASTICITY
Mat20 MAT RIGID
Mat24 MAT _PIECEWISE_LINEAR_PLASTICITY
MAT36 MAT 3-PARAMETER_BARLAT
MAT37 MAT 3-PARAMETER_BARLAT
Mat57 MAT_LOW_DENSITY_FOAM
Mat77 MAT_HYPERELASTIC_RUBBER,
MAT OGDEN_RUBBER
Mat98 MAT_SIMPLIFIED_JOHNSON_COOK
Mat123 MAT_MODIFIED_PIECEWISE_LINEAR_PLASTICITY
Mat140 MAT_VACUUM
TO1 MAT_THERMAL_ISOTROPIC
MAT MAT_ADD_EROSION
ADD_EROSION

B Is-prepost Ha ganubIii MOMeHT 336 Moencii MmaTepraioB (BKIIIO-

qasi MOJICNIA pa3pyIICHHUs, TETIOBbIE MOACIH, AeMII(EephI U T.11.)

1.10. ®@opmysmpoBku Hourglass B Ansys Workbenck LS-DYNA

Bcero ucnonnsiyercs 7 dopmynupoBok. Kak BugHO M3 TaOIHIBI OHU

MNPAKTUYCCKN TIOJIHOCTBKO COOTBCTCTBYIOT (I)OpMy.]'II/IpOBKaM 3 LS-

PREPOST.

[To ymomuanuto (Program Controlled) ncrons3yercst popmyarpoBka

Nel
Formulation in Ansys LS- Formulation in Is-prepost
Workbench Is-dyna DYNA
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Project — model — ID Model — Keyword - Hourglass
Workench Is-dyna -
Hourglass
Program Controlled 1 standard LS-DYNA viscous form
Standard LS-DYNA 1 standard LS-DYNA viscous form
Flanagan-Belytschko 2 Flanagan-Belytschko viscous form
Viscous Form
Exact Volume Flanagan- 3 Flanagan-Belytschko viscous form
Belytschko with exact volume integration for
solid elements
Flanagan-Belytschko 4 :Flanagan-Belytschko stiffness
Stiffness Form form
Exact Volume Flanagan- 5 Flanagan-Belytschko stiffness
Belytschko Stiffness Form form with exact volume integra-
tion for solid elements
Belytschko-Bindeman 6 Belytschko-Bindeman assumed
strain co-rotational stiffness form
for 2D and 3D solid elements only
Belytschko-Bindeman 7 Linear total strain form of type 6
Linear Total Strain hourglass control
8 Applicable to the type 16 fully in-
tegrated shell element
9 Puso enhanced assumed strain
stiffness form for 3D hexahedral
elements.
10 Cosserat Point Element (CPE) de-

veloped by Jabareen and Rubin
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and Jabareen et.al.

B Is-prepost na nannbiii MomeHnt 10 GpopmymupoBok Hourglass

1.11. KonTtaktsl B Ansys Workbenck LS-DYNA

Ansys Workbench Is-
dyna

Iyt B MEHIO

Project — Model
Project — Workbench
LS-DYNA

LS-PREPOST
Model — Keyword — CONTACT

Body Interaction

CONTACT_AUTOMATIC_SINGLE_SURFACE

Body Interaction
Contact properties:
Type - General

CONTACT_AUTOMATIC_GENERAL

Body Interaction
Contact properties:
Type - Eroding

CONTACT_ERODING_SINGLE_SURFACE

Frictionless (Friction-
al), Behavior — Pro-
gram Controlled (or
Symmetric)

CONTACT AUTOMATIC_SURFACE _TO _
SURFACE

Frictionless (Friction-
al), Behavior — Pro-
gram Controlled (or
Symmetric)

Contact properties:
Type - Eroding

CONTACT_ERODING_SURFACE _TO _
SURFACE

Frictionless (Friction-
al), Behavior — Pro-
gram Controlled (or

CONTACT _FORMING SURFACE _TO _
SURFACE
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Symmetric)
Contact properties:
Type - Forming

Frictionless (Friction-

CONTACT_AUTOMATIC_NODES _TO _

al), Behavior — SURFACE

Asymmetric

Frictionless (Friction- | CONTACT_ERODING NODES TO _SUR-
al), Behavior — FACE

Asymmetric

Contact properties:
Type - Eroding

Frictionless (Friction-
al), Behavior —
Asymmetric

Contact properties:
Type - Forming

CONTACT FORMING ONE_WAY _
SURFACE _TO _ SURFACE

Bonded

CONTACT_TIED_SURFACE _ TO _ SUR-
FACE_ OFFSET

Bonded, Behavior —
Asymmetric

CONTACT_TIED_NODES_TO _ SURFACE_
OFFSET

Bonded, Breakable —
Stress Criteria

CONTACT_AUTOMATIC_SURFACE _TO _
SURFACE_ TIEBREAK

Behavior — Asymmet-
ric

Breakable — Stress
Criteria

CONTACT_AUTOMATIC_ONE_WAY _
SURFACE _TO _ SURFACE_ TIEBREAK

B Is-prepost Ha nanHbIi MOMEHT 142 KapT KOHTaKTa

1.12. ®opmysmpoBku Beam B Ansys Workbenck LS-DYNA.
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Bcero ucnonsiyercst 6 hopmynupoBok. Kak BugHO U3 TaOIUILBI OHU

MOJTHOCTBIO COOTBETCTBYIOT hopmynupoBkam u3 LS-PREPOST.

[To ymomuanuto (Program Controlled) ucnons3yercs popmynrpoBka

Nel
Formulation in Ansys LS- Formulation in Is-prepost
Workbench Is-dyna DYNA | \1odel — Keyword - SEC-
Project — model — D 110N _SHELL
Workench Is-dyna - Sec-
tion
Program Controlled 1 Hughes-Liu with cross section in-
tegration (default)
Hughes-Liu With Cross 1 Hughes-Liu with cross section in-
Section Integration tegration
Belytschko-Schwer Re- 2 Belytschko-Schwer resultant beam
sultant Beam (resultant)
Truss 3 truss (resultant)
Hughes- Schwer Full 4 Belytschko-Schwer full cross-
Cross Section Integration section integration
Belytschko-Schwer Tubu- 5 Belytschko-Schwer tubular beam
lar Beam with Cross Sec- with cross-section integration
tion Integration
Discrete Beam/Cable 6 discrete beam/cable
7 2D plane strain shell element (xy
plane)
8 2D axisymmetric volume weighted
shell element (xy plane)
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spotweld beam, see
*MAT_SPOTWELD (Type 100).

11 Integrated warped beam.

12 resultant warped beam

13 Small displacement, linear Timo-
shenko beam with exact stiffness.

14 Integrated tubular Elbow element.

User defined integration rule with
tubular cross section (9) must be
used.

B Is-prepost Ha ganHbIi MOMEHT 13 dhopMyIupoBoK KapThl Beam

1.13. ®opmymmpoBku Discrete B Ansys Workbenck LS-DYNA.

DOOpMYJIMPOBKH B JAHHOM THIIE€ 3JIEMEHTA OTCYTCTBYIOT.

Tun snementa Discrete (Spring33) ompenensemsiii B Ansys Work-

benck LS-DYNA cootBetcTByeT Kapte *Section_discrete B Is-prepost.
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[Tpunoxenue 1

IIpumep MoaeTupoBaHusi mpouecca yaapa cdepbl 00 MJIACTHHY B NPO-
rpamme ANSYS WORKBENCH LS-DYNA.

Hcxonabple naHHbIe:

Pamnyc cdepst 3 Mmm, TommnuHa chepst 0,1 mm.
Pazmepst mnactunst 10x10 MM, TommmnHa 0,1 mm.
PaccrosiHre oT TutacTHHBI 10 TICHTpa cepbl 6 MM.
HauanbHas ckopocts napmkerus chepsl 10000 mm/cex

Marepuai chepsl H ITACTHHBI cTanb (Mogyi1s FOHra 210000 H/mm®, ko-

s¢umment [yaccowa 0,3, miotHocTs 7,85 T/MM")
Bpewms pacuera 0,002 cek.

Jl1st co3manus moaenu ucrosnb3yetcs npenoctaporeccop ANSYS 19.0.
Jlnst pacueta ucnonb3oBaics pemarenb LS-DYNA smp s R8.1.0 Bcrpoen-
b1t B ANSYS

L.

Puc. 1. Mogaens niporiecca yaapa chepbl 0 IUIACTHHY
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Details of “Solution (A6)" alb Rename (F2) B4, Total Acceleration
Ell information ("] Group All Similar Children Prabe *|®, Directional Acceleration
Status Solve
| Post Processing L ‘_4 Open Solver Files Directory R User Defined Resut
Beam Section Results | No & Contact Normal Pressure 0

®5 Contact Shear Stress
&5 Nodal Contact Force

YR T

[Iar 42
OmnpenenuTs BEIXOJHBIE TapaMETPhI — HAIIPSKEHHE
B oxne Outline

Solution — Insert — Stress — Equivalent (von Mises)
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l Filter: Name >

Jld{»ﬂ

-« B Surface Body
-2 Coordinate Systems

Deformation 4

& Equivalent (von-Mises)
=2 Solve (F5 —]
d i Linearized Stress » k

] Clear Generated Data

‘ Mlddle Principal

Stress Tool 4

Details of "Solution (A6)" b Rename (F2) ‘ Mini Principal
- > :
Bl satoatabon | (] Group All Similar Children L :c e S
Status Solve . % Intensity
=1/ Post Processing ‘_4 Open Solver Files Directory . User Defined Result &, Normal
Beam Section Results | No & Contact Normal Pressure B, Shear

@5 Contact Shear Stress
&5 Nodal Contact Force

4 Vector Principal

A Darnct Nemnsimns

[lar 43

3anmyck Ha pacuer

| File Edit View Units Tools Help || 51 @ =

|2 AR REBRE & 5

[ITar 44
[IpocMOTp pe3yabTATOB MO HANPSKECHUIO
B oxne Outline

Solution — Equivalent Stress
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M
| File Edit View Units Tools Help || @ i | JSolve v E@Ne

[RAY RO ORRR &S ¢ ¢

] 5 Show Vertices J Close Vertices  2,6¢-002 (Auto Scale)  ~ g Wirefrar

J > Size v @, Location v .Convert v ¢ Miscellaneous v 25 Tolerances
J #1 [(eReset ExplodeFadtor  fj————————— Ascembly Center
]Result 1.0 (True Scale) > @~ i ~@- | [hiry | [z} Pro
| LSDYNA Post (@] LS-DYNA Contact Tool v
Outline i
JFiIter'. Name N
Ba=a g
Project
B Model (A4)

Elﬂ Geometry

- B Surface Body
/,3\ Coordinate Systems
-/ Connections
- ./@ Mesh
£,/ Workbench LS-DYNA (A5)
E| Initial Conditions
i VTE,’O Pre-Stress (None)
- /=0 Velodity
w2\ Analysis Settings
,/3, Fixed Support
i ,/"I. Contact Properties
- Solution (A6)
- A4 Solution Information
- M Total Deformation
.. M Equivalent Stress

0,000 5,000 10,000 (mrm)

2500 7,500

lar 45

[Toka3 B peasibHOM MaciTade

Ycranosuth 3nauenne Result = 1.0 (True Scale)

J File Edit View Units Tools HeIpJ
[2Ar Y H-BEEW
| 7 Show Vertices [ Close Vertices

| eSize v @ Location v [ Convert
J
J
J

#1 [JeReset Explode Factor  f——
Result - @~

e |3.1e-002 (0.5x Autd)
~16,2e-002 (Auto Scale)
| Fiter: (0,12 (2x Auto)
= 10,31 (5x Auto)
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[lar 46

BBIBOI[ dHUMallu UCIIOJIb3Y: ITaHCJIb aHNUMalluu

BriBog oTuera

Graph 7
Animation |« %. P| |00 O] | 20 Frames v 2 Sec(Auto) v | Ig | &= cles
[lar 47
BriBoj rpaduka ¢ anumanuu
Graph o
| Animation [« bl B p| [0 | 20Frames + 2 Sec(Auto) v | ¥
7.3686e-4
— 475,21
e
E 200, M’WW
0, e = i G | " S I T -
0, 4,e4 8,e-4 1,2e-3 16e-3 2,e-3
[s]
[lar 48

Ha pabouem skpaHe Haxathb 3akiaaky Report Preview
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File Edit View Units Tools Help || B @ = </ Solve v [ New Analysis v 2/ Show Errors | [k A

AR ABRBR ¢S PARAAIQAAATENG B

J P"Sho'w‘lertlces I Close Vertices 0, (Autao Scale) v .@Wreframe | b #Show Mesh & I Random 25 Pre

< Size v @ Location v [ Convert v < Miscellaneous v 5 Tolerances | = Clipboard v [Empty]
#1 [JeReset Explode Factor: Assembly Center v |J Bl EdgeColoring v A4~ A~ ,

JPrmt Preview v &hPrint | SiSend To v
| LSDYNA Post @ LS-DYNA Contact Tool v
J Filter: Name v

B ad>®e
Project
- @] Model (A4)
EI <<<<< /B Geometry
....... X I Surface Body
i ey By Surface Body
I ----- 7 A Coordinate Systems
El ----- Connections
........ /@ Mesh
E] 44444 /M Workbench LS-DYNA (A5)
SR lnlhal Conditions
/T—o Pre-Stress (None)
'r-a Velocity
//11 Analyss Settings
2, Fixed Support
-,/"i,‘ Contact Properties

i M) Equivalent Stress

AHanu3 pe3yabTaToB

Ananus pe3ynbTaToB ObLT MpoBeieH B mporpammax Ansys Work-
bench Is-dyna u LS-Prepost.

Amnanus pesynpTaToB B moctiporeccope Ansys Workbench
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Puc. 2. Dranbl yaapa cdepsl o mactTuHy o VON-mises Stress o BpeMeHu

Puc. 3. Ilasmmtpa nepemenieHus mo miacTUHE BAOIb OCH Z 10 BpEeMCHH

6,57e-2

-5,e-2

01—

0,15 —

02—

0,25 -

-0,28103 | T T T T
0, 4,e4 8,e-4 1,2e3 1,6e-3 2,e3

[s]

Puc. 4. I'paduk nepememniennii (MakCuMaabHbIE, CPETHNE U MUHUMAJIbHBIC

3HAYEHHUSI) Y3JIOB IJIACTUHBI BAOJb OCH Z
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3.3998e-4
13,181

10,

7,5

2,5

-3,2114
0, 4,e4 8,e4 1,2e3 1,6e-3 2,e3

[s]

Puc. 5. I'paduk nepemeniennii (MakCuMalabHbIe, CPEHUE U MUHUMAJIbHBIC

3Ha4YeHMUs) y3JI0B chephl o ocu Z

10237 - oaeaaae

8000,

4000,

4000,

3000,

-10000
0, 4,e4 8,e4 1,2e3 1,6e3 2,e3

[s]

Puc. 6. I'paduk ckopoctu aemxeHus cepsl mo ocu Z (MakCUMalIbHBIE,

CpCAHNC U MUHHUMAJIbHBIC 3Ha‘-IeHI/I$[)
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3.3998e-4
2472,2

2000, |

1600,

[MPa]

1200,

300, \
\
\

400, ‘\ A M " )
L, \u'r‘\.f)\_f 'h—l"\_/f.\v)\"‘"w’ swmat \.-.”"»‘))| "-v"a/ A“f‘-*-rcA*HK ""‘ AL et e’ Mt

f
|
1]
0, 4,e4 8,e4 1,2e-3 1,6e-3 2,e3
[s]

Puc. 7. Hanpsbkenue Ha miactuHe mo VON-mises stress ot yuapa chepoi

(MakcuMasbHbIE, CPEJHUE U MUHUMAJIbHBIE 3HAYCHMUS)

4,4061

-

w

Kinetic Energy (mJ)

1,5943e-2
0, 2,5e4 5,.e-4 7.5e4 le3 1,25e-3 1,5e3 1,75e-3 2,e3

Time (s)

Puc. 8. Kunernueckast sHeprus asrkenus cdepsl (daiia Matsum)
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35134

nal Energy (mJ)

Intert
-

o, 2,5¢4 5.4 7,5e4 1e3 1,25¢3 1,5¢3 1,75¢3 2,e3
Time (s)

Puc. 9. Bayrpennss sueprus mactusbl (daiin Matsum)

Puc. 10. Ycunue B 30He B3auMoeiCTBUS cpepbl U MIacTUHBI ((paitn
Rcforc)

Time (s)

Puc. 11. Ycunue peakuuu B 30He 3akperuienus (daitr SPCForce)
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4,6975
4,
3,
g
2
2,
1,

46,621

40,

30,

[MPa]

20,

10, f

o,
0, 4e4 8,e4 1,2e3 16e3 2,e3

[s]

Puc. 12. HopmanbHO€ Hanps>KeHUE B 30HE KOHTAKTa

2,e3

4,e-4 8,e4 1,2e-3 16e-3 2,e3
[s]

Puc. 13. KacatenpbHoe HanpspkeHHE B 30HE KOHTAKTa
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48,818

40,

30,

[N]

20, |

e

10,

.

-2,3336

[s]

Puc. 14. KoHTakTHOE yCUJIUE T10 y3JaM

Cdepa npuxercs 1mo ocu Z BEepTUKaIbHO BHU3 cO ckopocThio 10000
MM/cex. B MomeHT Bpemenu 2,8e-4 cekyHabl cepa ynapsercs o0 miacTu-
Hy. [Imactuna mporubaeTcss Ha MakcuManbHy0 Benuuuny 0,281 mm mpu
BpeMeHu 3,4e-4 cek. Ilotom cdepa HaumHaeT ABMKEHUE BEPTUKAIBHO
BepX. MakcuManbHOe HampspkeHue mo VOoNn-mises stress cocrasisier 2472

MIlIa u cooTBETCTBYET MOMEHTY BpeMeHH 3,4€-4 cexk.

Kunernueckas sHeprust chepbl B HAYAJIbHBI MOMEHT BPEMEHH CO-
orBercTByeT 4,4061 MJ B MOMEHT yjapa MpaKTUYECKH MaJaeT 10 HYyJs
(3nauenue 1,594e-2 mJ) u morom Bo3pacrtaer a0 4,1 mJ. Yactp kuHeTHYe-
CKOM 3HEpPruu MEepexXOJUT B BHYTPECHHIOD SHEPrUI0 B MOMEHT yJapa O

IUJIACTUHY.

BHyTpeHHss 3HEprus Ha IJlacTuHe Bo3pacrtaer Ao 3,513 mJ B mo-
MEHT yaapa cdepsl U ganee ymeHbinaetcs npumepHo a0 0,15 mJ. [Ipucyt-
CTBHE BHYTPEHHEW 3HEPryuu Mociie OKOHYaHUA yJapa CBsI3aHO ¢ KojieOaHu-

SMH TUTACTUHBL. YacTh BHYTPEHHEH SHEPTUU HIET W Ha AeOPMHUPOBAHUE
cdepsl.
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[Tocne ymapa cdepa nepeMeniacTcs BBEpX M0 ocH Z €O CpeaHEH CKo-

pocThio 9620 MMm/cex

Ycunre B MOMEHT MaKCHUMaJIbHOTO MPOTHOa IMJIACTUHBI COOTBET-
cTByeT BenuuuHe 55,744 N. Ycunue peakuuu B 30He (puKcanuu Kpas ria-

CTHUHBI COOTBETCTBYET 3HaueHH0 63 N.

HopMmanbHOE pAaBiieHME B 30HE KOHTAaKTa COOTBETCTBYET 46,621
MITa.

KacarenpHoe HanpsikeHUE B 30HE KOHTAKTa cOOTBETCTBYET 4,7 Mlla.

CpaBHeHHe 00pabOTKH pe3yJIbTaTOB B IMporpaMMax ansys workbench

Is-dyna u Is-prepost moka3zan 4To pe3ynbTaThl B OCHOBHOM aHAJIOTHYHBIC.
OTauune CBSI3aHO:

1. B paznuure ncxoausix K daitnor. [Iporpamma ansys work-
bench Is-dyna umeeT Gobliiee KOJIMYECTBO MAPaMETPOB 10
YMOJTYaHHUIO MOBBIMIAIOMUX (TI0 MHEHHUIO Pa3padOTUYNKOB)
TOYHOCTb pacyeTa.

2. HeOGomnb1110i1 pazHuiie BO BpEMEHHBIX MapaMeTpax B Mpo-
rpammax. M3-3a TUCKpETHOM 3aIUCH PE3YJIbTAThl UMEIOT
pa3auyusl.

3. B HekoTOpBIX ciaydasx rpadukyd UMEIOT THI000pa3HBIN BU,
IIPU KOTOPOM OIICHUTH TOYHO CPEIHIOI0 BEIMYUHY CIIOXKHO.

4. [IporpaMMbI HEMHOTO TIO-pa3HOMY 00pa0aTHIBAIOT U BHIBO-
JISIT COXpaHEHHBIE TaHHBIC TTPU pacueTe.

5. [Tpu oreHKe MaKCUMaIBLHOTO HAIIPSHKEHUS OTJIMYHE CBSI3aHO
C BU3yaJlM3alMen pe3yJIbTaTOB

6. OTcyTCTBHE JaHHBIX O JIaBJICHUIO B IS-prepost cesizano ¢
OTCYTCTBHEM 3THX KapT B K ¢aiine cozmannomy B IS-prepost.

Ansys COXPAHACT UX aBTOMATUYCCKHU
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[Tpunoxenue 2

IIpumep MoaenupoBanus npouecca ne¢popMupoBaHusi KOpoda 00 mia-
ctuny B nporpamme ANSYS WORKBENCH LS-DYNA

Hcxonabple naHHEBIE:

Kopo6 ¢ pazmepamu 30x30x200 MM uiMeeT 2 OTKPBIThIE CTOPOHBI T10
pasmepy 30x30. KopoO mo rpaHsiMm umeeT pajauyca CKpyrjieHus 2,5 MM.

TonuHa cTeHok kopoda 1,5 mm.
Kopo6 nosiHocThIO OrpanuyeH o ctopone 30x30 (cBepxy).

[Inactuna ¢ pazmepamu 50x50x1 gaBUT HA KOPOO MO APYroil OTKPHI-

Toi cropone 30x30 (cuu3y) co ckopocthio 5000 Mmm/cexk.

Marepuan kopoba — Amtomunuit 1050 (Moxys FOura 69000 H/vm®

(E). xoodduupent Iyaccona (1) 0,33, miotHocTs 2,7 T/™MM® (p), Ipemen
tekydectH 28,06 Mlla ( o, ), kacatenbublii Moaens 184,5 MIla (Eyp)

Bpewms pacuera 0,01 cek.

Onpenenuts aedopmaiio Kopoba B MPOIECCEe B3aUMOICHCTBUS C

IJIACTUHOM.

Jlns co3maHms MOJACIH HMCHoJb3yeTcs mpenoctaporeccop ANSYS
19.0. Jlns pacuera ucnonb3oBasics pematenb LS-DYNA smp s R8.1.0
BcTpoeHHBIM B ANSY'S
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Monens iporiecca qeopMupoBaHus KopoOa 00 mIacTuHy

1. 3anyckaem mporpammy Ansys workbench

2. Boioupaem pacmupenne ANSYS LSDYNA.

Brimanaroniee Bepxuee meHro Extensions — Manage Extensions
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I\ Unsaved Project - Workbench

File View Tools Units Jobs  Help

e | =11= B [_-ﬂ Proj¢ mm ACT Start Page
’ ﬁ]lmport.., « ¢ Reconnect J ‘\‘anage Extensions... | == ACT Start Page
Toolbox - | 4+ Install Extension...
| E Analysis Systems Build Binary Extension...
Design Assessment View ACT Console
Eigenvalue Buckling
— View Log File
(&) Electric B - ;

CraBuMm ranouky mo Is-dyna.

Haxxumaem Close.

Extensions Manager o B X
Extensions Type Version
LSDYNA Binary 19.0
(=] MechanicalDropTest Binary 2.0
[ VariableLoad Binary 1.0
Search,,, i

B nanenu Tollbox Beioupaem menro Workbench LS-DYNA.
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“E

|E] Analysis Systems

§4 DesignAssessment
#3 EigenvalueBuckling
@ Electric

Explicit Dynamics
) HarmonicAcoustic
HarmonicResponse
(@) Magnetostatic

@ Modal

) Modal Acoustics

fili Random Vibration
fily ResponseSpectrum
g4 Rigid Dynamics
Static Structural

) steady-State Thermal
=)'y Thermal-Electric

) Topology Optimization
& Transient Structural
8 Transient Thermal

B Component Systems

Custom Systems
Design Exploration
LE_]_ Workbench LS-DYNA

Restart Workbench LS-DYNA
Workbench LS-DYNA

[Tossasgercs nanens Workbench LS-DYNA.

v A

;‘ @ Engineering Data o
E\ eiG;or;etry 4 ?i
46 Model ?’ 4
5| @& setw P .
76T% SoIT.\tlon fj ‘
7 @ Resuts P i

I |

3. Co3nanmne reomeTpuu

Brioupaem oniro Geometry. Ipasoii kHonkoit Beioupacm New Design
Modeler Geomerty
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v A
88 N. Workbench LS-DYNA
2| G Engineering Data o

3| = |
ﬁ New SpaceClaim Geometry...

4 0 Model -

a [(-r.‘) New DesignModeler Geometry...
% Imporl‘eeometry >
7 @

I
4

oluhon
Results |53 Duplicate
Workben Transfer Data From New >
Transfer Data To New >

\‘ O\‘U‘

+  Update
Update Upstream Components
[#] Refresh
Reset
Rename

Properties

Quick Help
Add Note

BriOupaem cucreMy eauHULL — MM,

| File Create Concept Tools .Uni'ts View Help

‘d @ | E}_"-:uvr‘-‘—?
‘- W~ A~ S~ S 1\_/ imeter

XYPlane v * Nong .
i e x Micrometer
. nin/ 3k atce ‘ CIENG-Y Foot
Sketching Toolboxes I e
il Large Model Support 4
“\. Line —
% Tangent Line v Degree
% Line by 2 Tangents Radian
2\, Polyline
i »
(3 Polygon Model Tolerance

4. ITocTpoenue kKopooda

B okne Tree Outline BeiObupaem miockocts XYPlane u Haxkumaem KHOTIKY

clleJIaTh DTOT BU/I.
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—4* YZPlane
& 0 Parts, 0 Bodies

ENLICNI

B oxne Tree Outline BeiOupaem 3aknaaxy Sketching.

B 3aknagke Draw BeiOupaem moctpoeHue npssMoyroibHuka Rectangle.

CraBuM rajiodky Ha BBe[eHHU cKkpyrienus Auto-Fillet.

=3

“\ Line

£ Tangent Line

% Line by 2 Tangents
/\ Polyline
(=3Polygon

| JRectangle
{>Rectangle by 3 Points

£ Oval

X Circle

Modify

Dimensions

Constraints

Settings

Sketching | Modeling |

Details View

= Details of Sketchl

Sketch Sketchl

Sketch Visibility Show Sketch

Show Constraints?  No
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Ctpoum B okre Graphics npou3BobHbII MPSIMOYTOJIBHUK.

0,00 3030 60,00 {mm)
I ..
15,00 X 4500

Breioupaem 3akmaaky Dimensions — Semi-Automatic mis mpocTaBieHus

pa3MepoB.
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Constraints v
Settings

Ha MNpAMOYT'OJIbHHUKC PACCTABIACM PA3MCPBHBI.

L L L L L L L L L L L CE LT L LT LT L LT LT T

LLLLAL !!!,MM' ‘._‘!frr!‘l'rn T .:.y‘_  sssssnnnn

B oxne Details View koppektupyem pa3mepsl Ha 3a/IaHHbIC UCXOIHBIM 3a-
nanuem (15, 25, 25, 2.5, 15 mm).
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= Details of Sketchl

Sketch Sketchl
Sketch Visibility Show Sketch
Show Constraints? No
— Dimensions: 5
He 15 mm
L2 25 mm
B 25 mm
R1i 25 mm
.
= Edges:8 =

Haxxnmaem knonky (Generate.

€ A: Workbench LS-DYNA - DesignModeler

| File Create Concept Tools Units View Help

| E B & || Dunde Qreda |[Select 'y T- | R W
B W S S S A S AT

| XYPlane v | Sketchi v 22 || Generate @ Share Tof
| B hin/Surface. Q@ Blend ~ § Chamfer @ Siice | L 2 :“:vh o Corn
Tree Outline 2 Graphics

Ha manenu HaxxumaeM kHonky Extrude (mis BITATMBaHUHM FEOMETPHH).

&9 A: Workbench LS-DYNA - DesignModeler

| File Create Concept Tools Units View Help

| 2B @ Oundo Greie [[seect| k- mEEB o [H 8|S PAQE
- M- g S o A S AT

| XYPiane v 3 | Sketch1 > 2 | t}Geﬂerate @ Share Topology Parameters H R Bxdrude

Breibupaem nocrpoennsiii ackus Sketchl, ykaseisaem mmmay FD1=200,

yKa3bIBacM IOJIydeHUEe TOHKOCTeHHOTO demenTa (As Thin/Surface - Yes),

tojmuHou 0, FD2=0

- & 0 Parts, 0 Bodies

106



Extrudel

Sketchl
Operation Add Material
Direction Vector None (Normal)
Direction Normal
Extent Type Fixed
FD1, Depth (>0} 200 mm
As Thin/Surface? Yes

B FDZ. Inward Thickness (>=0] DR

FD3, Outward Thickness {>=0} 0 mm

Merge Topology? Yes
= Geometry Selection: 1
Sketch | Sketchl

Haxumaem kHoniky Generate.

S. IlocTpoeHune MIACTHHBI

CoznaeM JOMOJHUTENBHYIO IIIOCKOCTh, HA KOTOPOM Oy/ieM CTPOUTH Tia-

CTUHY.

Bepxuee menro — Greate — New plane.

—
@A:"%ll)enchl.s-DYNA-DesignModeler
File Create Concept Tools Units View Help

| 2 [ - | soe (' &

4 .'.Exhude £ / =4

| ey 68 Revolve v 2 | </ Generate
@7 & Sveer ifer @Slice | @ P

~— § Skin/Loft

Tree O i |

IF].Thﬁn/Surface I
=

B oxne Detail View Transform1=0ffset Z na paccrosiiuu 2 MM BHU3 110 Z
(FD1=-2)
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[TOPZE T

UE S Vie
SR OCE oS 4

— Details of Plane5

Plane Plane5

Type From Plane

Base Plane XYPlane

Transform 1 (RMB) Offset Z
WL vae:  EER T
Transform 2 (RMB) None

Reverse Normal/Z-Axis? No

Flip XY-Axes? No
-E_xport Coordinate System? No

Haxxnmaem xknomnky Generate.

B oxne Tree Outline BeiOupaem Plane5. IToka3aTh 3aJaHHBIH BHI.

Tree OQutline n
=& A: Workbench LS-DYNA
== XYPlane
: ¢ Sketchl
-+ ZXPlane
s>k YZPlane
/B Bxrudel
= Planes
& 1Part, 1 Body

gE2

B 3aknanke Draw BeiOupaeM moctpoeHue npsiMoyroyibhuka Rectangle.

YOpath ranouky Ha BBeAcHUU ckpyriienus Auto-Fillet.
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AutoFilet:
{>Rectangle by 3 Points
&2 0val
= Circle
Modify v
s
Constraints

Settings

Ctpoum B okHe Graphics mpou3BobHBINA TPSIMOYTOJbHUK.

0,00 3000 60,00 (mm)
B I
15,00 45,00
Bridbupaem 3axmanky Dimensions — Semi-Automatic ayis mpocTaBiieHus

pasMepoB.
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Ha IpAMOYTOJbHHUKE PACCTABIIACM pa3sMEPEL.

B oxne Details View koppektupyem pa3Mepsl Ha 3a/IaHHbIC HCXOHBIM 3a-
nanuem (25, 50, 50, 25).

B
Sketch Visibility Show Sketch
Show Constraints? | No
|= Dimensions: 4
e 25 mm
Yk 50 mm
(112 50 mm
va 25 mm
|- Edges: 4
Line n23
Line Ln24
Line Ln25
Line n26

Haxumaem xknonky Generate.

HOCTpOCHI/Ie IJTaCTHUHBI Ha OCHOBC COSI[aHHOI\/'I IrcoOMCTpHUHU.
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Breibupaem Sketch2, sepxuaee mento Concept — Surface From Sketches.

@8 A: Workbench LS-DYNA - DesignModeler

| File Create Concept Tools Units View Help

| & S Lines From Points elect: g 1}*
I - u- .ﬁLinesFromSketchs ™
- [ Lines From Edges 3
| @ Thin/Surf :‘: z:l::::s Bsice P
Tree Outline @ 5 rfaces From Edges 2

=8 AW ! Surfaces From Sketches
=k &2 Surfaces K Faces

| & Detach
J* Cross Section »
!
/IR Bdrudel

> Planes
3 Sketch2

& @ 1Part 1 Body

| |PlaneS :,‘ Generate

(16

H

[

B okne Detail View naxxats Apply.

Details View 2
= Details of SurfaceSk1
Surface From Sketches SurfaceSkl

gy | Conce |

Operation Add M%¥erial
Orient With Plane Normal? Yes
Thickness (>=0} 0 mm

Haxumaem kHoniky Generate.

3akphITh Mporpammy Design Modeler

Breibupaem HyxHY0 cructeMy u3mepenus Metric (tonne, mm, s)
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#\ Unsaved Project - Workbench
Fe View Toos [JEESJ Extensons Jobs  Hebp

_]i =1([= )=l SI (kg,m,s,K,AN,V)

@limport... | sored ¥ Metic koms, TANY) [T Start Page
Toobox = Metric (tonne,mm, s, °C,mA N,mV) _
iE Ana'YSiSSJSBIIS (bm,'n,s,‘F,A,bf,V)

Design Assessmen U.S.Engineering (b,in,s,R,A bf,V)

Eigenvalue Bucklin DesignModeler Unit System (m, degree) '

(€ Eedric DesignModeler Unit System (mm, degree)

lict Dynamics
g :nnonicyAcoustic v Display Values as Defined Data::‘
HarmonicRespons Display Values in Project Units - 4
Magnetosiaiic 3 =~ 4

g Mo?jal Unit Systems... , = T > "

& Modal Acousbs 6 é Solution ? .

@ Random Vibration 76 e "55) :

@ ResponseSpectum

B3 Rigid Dynamic Workbench LS-DYNA

6. OnpenesisieM mapaMeTpbl MaTepuaia

B oxne Workbench Is-dyna seioupaem Engineering Data

In In

R & 3

s

€
nﬁlinﬂl nﬁlifﬂ' SIS

|

Workbench LS-DYNA

Brioupaem HyxHYyI0 cuctemy u3mepenus Metric (tonne, mm, s)
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Extensions Jobs Help

@ 3 @@ THeo  SLEamsKANY)

[7 Fiter Engneerng Data | &) Metric (kg,m.s,°C,AN,V)

Metric {tc}_A‘ve,m.sFC.mA,N,mv) I

'8 Physical Properses U.S.Customary (bm,in,s, F,A,bf,V)

[ U.S.Engineering (bb,in,s,R,A,bf,V)

%3 Damping Factor (a) DesignModeler Unit System (m, degree)

Y8 Damping Factor (B) DesignModeler Unit System (mm, degree)

i %”“wa”ﬁc v Display Values as Defined

3 OrthotropicElasticy Display Values in Project Units

3 AnisotropicElastidty Unit Systems. ..

| @ Hunarslactic Cumarimantal NS

7. OnpenesisieM mapaMeTpbl MaTepUaia JUIA MIACTHHBI

B oxne Outline of Schematic no6asnsem HoBwIit MaTepuan New Steel.

1

2
Fatigue Data at zero mean

s | % swarses | g s i s
Table 5-110.1

5 new ‘"tci" I

B 3aknanke Toolbox Beioupaem mynkr Density u Isotropic Elasticity.
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8 Field Variables |

Pz

3 Frequency

$4 ShearAngle

3 Degradation Fador

‘:g Create Field Variable...

| B Physical Properties J
Pz

$4 Damping Factor(a)

$3 Damping Factor (B)

lE Linear Elastic J
©

3 OrthotropicEastiaty

$4 AnisotropicElasticty

BBoaum 3naucHus B okae Properties of Outline Row: Density = 7,85e-9,
Young's Modulus = 2e5, Poisson’s Ratio = 0,3.

A B C D|E
2 T8 Material Field Variables = Table
3 3 Density 7,85E-09 tonnem... {7 |[7]
4 |B T3 Isotropic Elastiity F
5 Derive from Young's... LI
6 Young's Modulus 2,1E+05 MPa LI E
7 Poisson's Ratio 0,3 [
8 Bulk Modulus 1,756405 | Mpa &
9 Shear Modulus 80769 MPa [[]

8. OnpenesnsieM mapameTrpsl MaTepuasa Juist Kopoda

B oxne Outline of Schematic BBogum HoBbIit MaTepuan Al 1050
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Fatigue Data at zero mean
stress comes from 1998 ASME
7 BPV Code, Section 8, Div 2,
Table 5-110.1

&
g
8
i
O
I

B oxne Toolbox Beioupaem nyunkt Density, Isotropic Elasticity u Bilinear
Isotropic Hardening

| B Physical Propertes ]

A

3 Damping Factor(a)

§4 Damping Factor (B)
’LB Linear Elastic

a

3 orthotropicElastidty

3 AnisotropicEasticty

iB Hyperelastic Expenmenta Daiz
| B Hyperelasic
B Plasticly

B

BBoaum 3naueHus B okue Properties of Outline Row: Density = 2,7e-9,
Young's Modulus = 69000, Poisson’s Ratio = 0,33, Yield strength = 28,06,
Tangent Modulus 184,5.

Properties of Outiine Row 5: Al 1050

A B o D|E
2 T3 Material Field variables = Table
3 A Density 2,709 tonnem... ¥|[7]
4 |8 T3 1sotropic Easticity ]
5 Derive from Young's... ;l
6 Young's Modulus 69000 MPa F |E
7 Poisson's Ratio 0,33 ]
8 Buk Modulus 67647 MPa ]
g Shear Modulus 25940 MPa [
10 =2 $3 Biinear Isotropic Hardening
1 Yield Strength 23,06 MPa F O
12 Tangent Modulus 184,5 MPa =]
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3akpeiBaeM 3aknanky Engineering Data.

9. OnpeneieHre MapaMeTpPoOB MOA U

B oxne Workbench Is-dyna Beionpaem Model.

v A

S8 X Workbench LS-DYNA

2 & Engneering Data
3 W Geomeg(vzl
4 . Model N
5 @ setwp
6 § Solution
7 @ Resits
Workbench LS-DYNA

A

A

A

n(ﬁl ﬂ@ "QJ m \ \

[IpoBepsieM cucreMy €IUHMULL.

Brimagaromiee mento Units — Metric (mm, t, N, s).

(D A : Workbenct (. . DYNA - Mechanical [ANSYS Mechanical Enterprise

| File Edit View Ungs Tools Help | 53 @ =% | 3Sohve -

IR R 3 etric (m, kg, N, s, V, A)
| 5 ShowVertices  Metric (cm, g, dyne, 5, V, A)

5 bt | Metric (mm, kg, N, s, mV, mA)
¢ Metric(mm, t N, s, mV, mA)
1 Metric (mm, dat, N, s, mV, mA)

Model | @Cons  Metric (um, kg, uN, s, V, mA)
‘Outline U.S. Customary (ft, Ibm, Ibf, °F, 5, V, A)
I Filter Name U.S. Customary (in, Ibm, Ibf, °F, s, V, A)

B oxne Outline

10. Onpenensiem napaMeTpsl AJ1s1 KOPpooa

Project - Model - Geometry
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Outline 2

| Filter Name -

(%3
3.
§

5
o

-/ #m workbench LS-DYNA (AS)
&/ Initial Conditions
27\ Analysis Settings
24 Solution (A6)
4 ¥] Solution Information

(7]

(e

Brioupaem Surface Body (moacseunBaercs KopoO)
B okHe Surface Body BBogum

toyuHy Thickness=1,5

Stiffness Behavior — Flexible

Assignment — Al 1050

Details of "Surface Body”
+ Graphics Properties a
= Definition T
Suppressed No
Stiffness Behavior Flexible

Coordinate System Default Coord...
Reference Temperature By Environment

Thickness 1,5mm B
Thickness Mode Manual
Offset Type Middle
= Material
Assignment Al 1050
+ Bounding Box B
s P .
+ Statist
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11. Onpenensiem napaMeTpsl s IJIACTHHBI

Brioupaem cienyrommii Surface Body (moacseunBaercs miiacTuHa)

= ——
=& Connections
&P Mesh

m
&
i
]
:
&

Z¥] Solution Information

B okHe Surface Body Beogum
tommmHy Thickness=1
Stiffness Behavior — Rigid

Assignment — New Steel

Details of "Surface Body”
+ Graphics Properties
—  Definition
Suppressed No
Stiffness Behavior —Rl_‘gid
mlieference Temperature By Environment
Thickness 1, mm '
Thickness Mode Manual
Offset Type Middle
= Material
Assignment new steel
+ Bounding Box
= Properties
+ Statistics
— CAD Attributes
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12. Hanecenue CeTKM

Brioupaem 3aximanky Mesh B okne Outline

B manenu nacTpymMeHToB Beioupaem Mesh Control — Sizing

|Mesh =/ Update | @ Mesh v @ Mesh Control v @ Mesh Edit ~

Qutline & Method
| Filter  Name - ":;, Mesh Group
B ad = a il @,

Q Project ¥, Contact Sizing
B § Model (A4) A Refinement
= &3 Geometry

-—, B SurfaceBody | Mesh Face Group (Beta)
E‘ v B Surface Body HH Face Meshing
:6 Coorchate Sysems & Match Control
/B Mesh & Pinch
= /¥ Workbench LS-DYT 4 Inflation
B JE Inital Condition: @ Sharp Angle

-~/ Anzheric Catéin

B oxne BrIOOpa BrIOpaTh 3D Tena u Box Select.

- To-Rhhes
Vertic ‘l§sm le Select
® @_.@% e O

Br1OpaTh OKHOM BCIO MOJIEIb.

B oxne Detail of Body Sizing BBectn 3Hauenus Element Size =1

Scoping Method  Geometry Selection
Geometry 2 Bodies
— Definition
Suppressed No
Type Element Size
Element Size 1,0 mm |gnter I_ ‘Q_
= Advanced

Ha nanenu Beiopats Mesh — Generate Mesh
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Mesh =/ Update @ Mesh v @ Mesh Control v @& Mes!
Dutline E e M
Filter Name i

@ 2 o @ § ¥ Preview Source and Target Mesh

Previg® Surface Mesh

13. OnpeneneHue BpeMeHH OKOHYAHMS

B oxue Outline

Analysis Setting B oxue Details seectu End Time = 0.01

Outline 2

, Filter Name v

=S -

8 [
&

uuwz
T
E
L

x 8y Surface Body
= ;h SiIfBCEBOdY
s~ Coordinate Systems
/B Connections
/28 Mesh
ﬁ‘ Body Sizing
M Workbench LS-DYNA (A5)
&/ Initial Conditions
/N Analysis Settings
S Solution (A6)
4] Solution Information

0-H-H

1]

M

»

|= Step Controis

End Time O;bl

14. Orpannyenue Kpasi Kopoda

B oxne Outline

Workbench Is-dyna npagoii kaomnkoii Beiopats Insert — Fixed Support
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Sjﬁtu’: Name v

|lBavr=a i
| Project

B manenu BeiOopa BeIOpath pedpa, Box Select .

e oiolol &
 Vertid| T Single Select
BRE@

e e 4 -~

OxHOM BBIOpaTh TpaHU KOTOPBIE HY>KHO 3a(hUKCHPOBATH

B oxne Details maxxats Apply

—
AR SIS i P B T )

| Scoping Method | Geometry Selection
Apply | Cancel
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15. OrpannyeHnue MJIacTUHbI

B oxne Outline

Workbench Is-dyna mpasoit kHomkoit BeiOpats Insert — Rigid Body Con-
straint

@! Acceleration

&) Project @ Standard Earth Gravity
= Model (A4
Sgﬁ Ge(orne)try Suppol @k Pressure
-—x g Surface Body @ Hydrostatic Pressure
: By Surface Body 9, Force
B—X Coordnate Systems i
=/ 5 @, Fixed Support
=2/ § Displacement
= "’a w @, Remote Displacement
iy @, Velocity
V7N Anadlys G, Impedance Boundary
: =} Solve
i ﬁ’ Fowed 4 7 ) £, Simply Supported
= '{:Q s Duplicate '@, Fixed Rotation
2] Clear Generated Data ‘ @, Nodal Force
Details of "Workbench LS-1 db Rename (F2) @, Nodal Displacement
= Definition [C] Group All Similar Children | B Commands
Physics Type = 5 | :
Analysis Type 3 Open Solver Files Directory | BB Section
Solver Target LSDYNA@LS... i Q Hourglass Control
= Options __ ® Airbag
Environment Temperature | 22, *C ‘ hMA:G Print @) Master Rigid Body
Generate Input Only No | ‘Graph | S, Rigid Body Force

| @, Rigid Body Moment

| @, Rigid Body Rotation

| @, Rigid Body Angular Velocity
G_,: Rigid Body Constrain|y

B okHe BbIOOpa akTHBHpOBaTh BEIOOP 3D 00BekTOB, Single Select.

ffrernm®

0 RE R ——

o~ iy iBOXSdECt

BriOpaTh OKHOM TIITIOCKOCTb.
B oxne Details B mynkTe Geometry naxxars Apply

Z Component — Free
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: Scoping Method | Geometry Selection

Geometry ‘1 Body
Definit

X Component | Fixed
YComponent |Fixed

[

Z Component g -
Rotation X | Fixel & |

Rotation Y | Fixed I}

Rotation Z Fixed

16. OnpenesieHne CKOPOCTH HA IIACTHHE

B oxue Outline

Workbench Is-dyna npagoii kHomkol BeiOpaTh Insert — Velocity

@! Acceleration

A@;{]{”‘"E}‘!

H) Project @i Standard Earth Gravity
= & Model (A4) =
El— ﬁ Geometry ne Pk Pressure
- W Surface Body sdy 3 Hydrostatic Pressure

E}"‘x~ Surface Body G‘ Force

3’ Fixed Support
@ Displacement
@ Remote Displacement

%w
G, Impedance Bindary

€. Simply Supported
@ Fixed Rotation

SR —
A

»

BriOpath miockocTh
B oxne Details B mynkre Geometry naxxars Apply

Z Component = 5000
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' Scoping Method  Geometry Selection
| Geometry 1 Body
= Definition
‘Type Velocdty
| Define By ' Components
' Coordinate System | Global Coordinate Sys..
' X Component Free
'Y Component Free
Enter (stép a... »
 Suppressed 'No

17. Onpenesienue BHIXOAHBIX IAPaMeTPOB

BrixoaHble TapaMeTpsl 10 NOJIHOMY IIEPEMEILICHUIO

B oxne Outline

Solution — Insert - Deformation — Total

Bad>=a
B~’Genmetry

BrixoHbIE TapaMeTphI 110 HANIPSKEHUIO

B oxne Outline

TN

B, Directidhal
B Total Velocity
B, Directional Velocity

B Total Acceleration

B, Directional Acceleration

Solution — Insert — Stress — Equivalent (von Mises)
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!Hher. Name =

RER <&

<«

18. CoxpaHneHue npoexkTa

CoxpanuTth npoekt File — Save Project

[ oo

Refresh All Data

B
|
¥
]
{
:

15&‘ Edit View Units Tools H
Il
|
]
Il
i

-

&8 Clear Generated Data

Close Mechanical

19. 3anyck Ha pacuer

Ha manenu Haxatb KHOTIKY Solve

bd , e el
| File Edt View Units Tooks Help || 51 @ =3 | Sqive ||
I RAY L-RRARGREE &5 -
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[locne 3aBepiieHus pacyera

20. ITpocmoTp pe3ybTATOB

[IpocMOTp MO MOJHBIM MTEPEMELICHUSM

B oxne Outline

Solution — Total Deformation

Quthne a1

Flter Name

1> E 8

I‘Iwu
I8,
3.

U\
| ¢

[0 () () () () %

odel (A4)
,& Geometry
>~ Coordinate Systems
/& Connections
/0 Mesh
o Workbench LS-DYNA (AS)

,,@ Rigid Body Constraint
/& Solution (A6)
/3] Solution Information
&

/& Equivalent Stress

[IpocMOTp MO HaANPSKEHUSIM

B oxne Outline

Solution — Equivalent Stress
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Outline i |

| Filter:  Name v
Ra>za il
& Project
= & Model (A4)
‘,& Geometry
‘/® Connections
ST Mesh
/¥ Workbench LS-DYNA (AS)
&/ Initial Conditions
»Z2\ Analysis Settings
Fixed Support

yol
S velog
ﬂ ty
/i Solution

(0 () ) (- ()

Rigid Body Constraint

(a6)

A% soa=1 g Information
/& Tot| lormation

,0 Sgress
—

3anyck aHMMalHuK Ipolecca

[Tanens annmarmn

Graph
Animation |« %Ii S E [l | 20 Frames v 2 Sec(Auto) | I | @ Bl | o 3

AHaJN3 pe3ybTaToB

AHanu3 pe3yJbTaToB ObLT IPoBeIeH B mporpammax Ansys Work-
bench Is-dyna u LS-Prepost.

AHanu3 pe3yapTaToB B noctiporeccope Ansys Workbench
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z
o L]
o s N s, o)
T

08 s600 10000 fmem)
— —
550 1500

Puc. 2. Dramnbl cMaTHS KOpoOa IIaCTHHOM 1o mapaMeTpy VONn-mises stress
B iockoctu XZ mo Bpemenu: a — 0; b — 2e-3 cex; ¢ — 4e-3 cek; d — 6e-3

cek; I — 8e-3 cek; f — 1e-2 cek
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Puc. 3. Dramnbl cMaTHS KOpoOa IIIaCTHHOM 1o mapaMeTpy VoNn-mises stress
B iockoctu YZ o Bpemenu: a — 0; b — 2e-3 cex; ¢ — 4e-3 cek; d — 6e-3
cek; | — 8e-3 cek; f— 1le-2 cex

le-2

229,74

200,

160, -

120,

[MPa]

80,

40,

0, 2,5e-3 5.e-3

Puc. 4. I'paduk HanpspxeHuit mo VON-mises (MakCUMalbHEIC, CPEAHKE U

MHWHHUMAJIBHBIC 3Ha‘I€HI/IH)
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A: Workbench LS-DYNA A: Workbench LS-DYNA A: Workbench LS-DYNA
User Defined Result User Defined Result User Defined Result
Expression: eps Expression eps Expression: eps
Time: 4,3997¢-004 ime: Z,e-0 Time: 4,e-003
01012010 103 0L0L2018 1:03 01012019 103

1,325 Max il 1,325 Max

11778 11778
11778

10305 10305
L 088332 088332
088332 07361 ot
Dz {5988, 058888
0,58868 044155 G
0,44166 020444 029484
0,20444 0,14122 014722
014122 0Min i
0Min

b X

A: Workbench LS-DYNA A: Workbench LS-DYNA A: Workbench LS-DYNA

User Defined Result User Defined Result User Defined Result

Expressiont eps Expression: eps Expression: eps

Time: §,e-003 Time: 8,e-003 Time: Le-002

01012019 1:03

1,325 Max

01012019 1:03

01012019 1:03

1,325 Max 1,325 Max
L1778 11778 11778
10305 10305 10305
0,88332 0,88332 0,88332
07361 07361 07361
0,58888 0,58888 0,58888
044156 0,44166 0,44166
0,20444 0,20444 0,20444
0,14122 0,14722 0,14722
0Min 0Min 0Min

Puc. 5. DTanel cMaTUS KOpoOa MIIACTUHOM MO MIIACTUYECKUM Aedopmaliu-
sM B miockoct XZ mo Bpemenu: a — 0; b — 2e-3 cek; ¢ — 4e-3 cek; d — 6e-3

cek; | — 8e-3 cek; f— 1e-2 cex
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Puc. 6. Dranbl cMsaTHs KOpoOa MIACTHHOM M0 MIACTUYECKUM JehopMariu-
sM B TuTockocTy YZ 1o Bpemenu: a — 0; b — 2e-3 cexk; ¢ — 4e-3 cek; d — 6e-3

cek; 1 — 8e-3 cek; f — 1e-2 cex

le-2

1,325

0,75

0,5

0, 2,5e-3 563 7.5e3 1,e-2
[s]
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Puc. 7. I'paduk no miactudeckum aedpopmanusimM (MaKCUMaIIbHBIE, CPE/I-

HHUC 1 MUHHUMAJIbHBIC 3Ha‘I€HI/I$[)

2,5352e+5

2,4e-5

=
o
o
i
v

Internal Energy (mJ)
T
T
&

80000

40000

0, 1,25e3 2,5e3 3,75e-3 5.e-3 6,25e-3 7,5e3 8,75e3

Time (s)

Puc. 8. Buyrpennss sHeprus nedopmupoBanus kopoda (paia Matsum)

[Tnactuna nedpopmupyer KopoO, Mpu ITOM MaKCUMaJIbHOE HampsKe-
Hue Von-mises cocrasisier 229,74 Mlla, a MakcuManbHas qedopmarius

1,325. BHyTpeHHsist sHeprust yBenuuupaetrcsa ot 0 1o 2,535e5 mJ.
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KoHTpoJibHBIE KAPTHI

*CONTROL_CONTACT

Card 1
e SLSFAC =0 (default = 0.1). Scale factor for sliding interface penalties.

e RWPNAL = 0. Scale factor for rigid wall penalties. When equal to 0 the
constraint method is used

and nodal points which belong to rigid bodies are not considered.

e ISLCHK = 1. Initial penetration check in contact surfaces. When set to
1 there is no checking.

e SHLTHK =1 (default). Shell thickness considered in surface to surface
and node to surface

contact types. When set to 1, thickness is considered but rigid bodies are
excluded.

e PENOPT =1 (default). Penalty stiffness value option.
e THKCHG = 0 (default).

e ORIEN = 2. Automatic reorientation for contact segments during initial-
ization. When setto 2 it is

active for manual (segment) and automated (part) input.
e ENMASS =0.

This parameter regulates the treatment of the mass for eroded nodes in con-
tact. When setto 0

eroding nodes are removed from the calculation.
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Card 2

e USRSTR = 0. Storage per contact interface for user supplied interface
control subroutine. When

set to 0 no input data is read and no interface storage is permitted in the
user subroutine.

Default values are used for all other parameters.

Card3
e SFRIC = 0. Default static coefficient of friction.

Default values are used for all other parameters.

Card4

e IGNORE = 2. Specifies whether to ignore initial penetrations in the
*CONTACT_AUTOMATIC

options. When set to 2 initial penetrations are allowed to exist by tracking
them. Also warning

messages are printed with the original and the recommended coordinates of
each slave node.

e FRCENG = 1. Calculate frictional energy in contact. Convert mechani-
cal frictional energy to

heat when doing a coupled thermal-mechanical problem.
e SKIPRWG = 0 (default).

e OUTSEG = 1. Yes, output each beam spot weld slave node and its mas-
ter segment for

*CONTACT_SPOTWELD into D3HSP file.

134



e SPOTSTP = 0 (default).

e SPOTDEL = 1.Yes, delete the attached spot weld element if the nodes
of a spot weld beam or

solid element are attached to a shell element that fails and the nodes are
deleted.

SPOTHIN = 0.5. This factor can be used to scale the thickness of parts
within the vicinity of the spot weld.

This factor helps avert premature weld failures due to contact of the weld-
ed parts with the weld itself.

Should be greater than zero and less than one.

*CONTROL_ENERGY

Specifies the controls for energy dissipation options.

Card

e HGEN = 2. Hourglass energy is computed and included in the energy
balance. Results are

reported in ASCII files GLSTAT and MATSUM.
e RWEN = 2 (default).

e SLNTEN = 2. Sliding interface energy dissipation is computed and in-
cluded in the energy balance.

Results are reported in ASCII files GLSTAT and SLEOUT.
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e RYLEN = 2. Rayleigh energy dissipation is computed and included in
the energy balance. Results

are reported in ASCII file GLSTAT.

*CONTROL_ACCURACY

Specifies control parameters that can improve the accuracy of the calcula-
tion.

Card

e OSU = 1. Global flag for objective stress updates. Required for parts that
undergo large rotations.

When set to 1 the flag is on.

e INN = 4. Invariant node numbering for shell and solid elements. When
set to 4 the flag is on for

both shell and solid elements.

*CONTROL_BULK_VISCOSITY

Sets the bulk viscosity coefficients globally.

Card
e Q1 = 1.5 (constant) Quadratic Artificial Viscosity.

e Q2 =0.06 (constant) Linear Artificial Viscosity .
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e TYPE = -2. Internal energy dissipated by the viscosity in the shell ele-
ments is computed and

included in the overall energy balance.

*CONTROL_SOLID

Specifies global parameters for solid element types.

Card

e ESORT =1, full automatic sorting of tetrahedron and pentahedron ele-
ments to treat

degeneracies. Degenerate tetrahedrons will be treated as ELFORM = 10
and pentahedron as

ELFORM = 15 solids respectively (see *SECTION_SOLID).

*CONTROL_SHELL

Specifies global parameters for shell element types.

Card

e WRPANG = 20 (default). Shell element warpage angle in degrees. If a
warpage greater

than this angle is found, a warning message is printed

e ESORT =1, full automatic sorting of triangular shell elements to treat
degenerate quadrilateral

shell elements as CO triangular shells.
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e IRNXX = -1, shell normal update option. When set to -1 . Fiber direc-
tions are recomputed at

each cycle.

e ISTUPD = 4, shell thickness update option for deformable shells. Mem-
brane strains cause

changes in thickness in 3 and 4 node shell elements, however elastic strains
are neglected. This

option is very important in sheet metal forming or whenever membrane
stretching is important.

For crash analysis, setting 4 may improve energy conservation and stabil-
ity.
e THEORY = 2 (default). Belytschko-Tsay formulation.

e BWC = 1. For this setting, Belytschko-Wong-Chiang warping stiffness
IS added.

e MITER =1 (default). Plane stress plasticity: iterative with 3 secant iter-
ations.

e PROJ = 1, the full projection method is used for the warping stiffness in
the Belytschko-Tsay and

Belytschko-Wong-Chiang shell elements. This option is required for ex-
plicit calculations.

e NFAIL1 = 1. Flag to check for highly distorted under-integrated shell
elements, print a

message, and delete the element.

e NFAIL4 = 1. Flag to check for highly distorted fully-integrated shell el-
ements, print a

message, and delete the element.
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e CNTO = 2. Flag to account for shell reference surface offsets in the con-
tact

treatment. Offsets are treated using the user defined contact thickness
which may be

different than the shell thickness used in the element

*CONTROL_OUTPUT

e NPOPT = 1. nodal coordinates, element connectivities, rigid wall defini-
tions, nodal SPCs,

and initial velocities are not printed in the d3hsp file.

*CONTROL_PARALLEL

Controls parallel processing usage for shared memory computers by defin-
ing the number of processors

and invoking the optional consistency of the global vector assembly.

e CONST = 1. Consistency flag disabled for a faster solution

*CONTROL_SOLUTION

Specify the analysis solution procedure if thermal , coupled thermal analy-
sis or structural only is

performed.
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e SOLN = 0: Structural analysis only, if the Solver Type is set to Program
Controlled or

Structural Analysis Only.

e SOLN = 2: Coupled structural thermal analysis, if the Solver Type is set
to Coupled Structural

Thermal Analysis.
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