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_ MporpammHoe obecneyeHune
VHXeHepHbIN KOHCANTUHI
\ CoBpeMeHHbIE TEXHOIOMUN - B MPOMBbILLIIEHHOCTb
J Vx} BbluncnuTtenbHas TexHuka

el WN3meputenbHoe obopyaoBaHue

Beenenue:

B maHHOM 1MOCOOMM paccMaTpUBaETCs MPOIIECC CO3/IaHus IIaruHa (rpaduaeckoit
000JI0YKH) JUII aBTOMATH3AIMU 33Jla4ll TIPOKATKU MeTaummdeckoro jgucta B SIMULIA
Abaqus. I'paduueckas 000J109Ka - 3T0 OKHO, MO3BOJISAIOIICEC B MHTEPAKTUBHOM PEIKUME

coOpaTh 3a/1a4y JJIs aHaJIM3a U 3amycTtuTh pacuét (Puc. 1).

Geomnetry
Length (m): | 0.092
Height 1 (m): | 0.02

Height 2 (m): |0.01
///J
Radius (m): |0.17 S
Radlus//
- Angular velocity
L

Material: | Steel E|

Mesh

Element =ize (m): | 0,002

Experiment setup
Angular velocity (rad/s): | 6.28319 Length

Friction coefficient: | 0.4

Analysis setup

Analysis times | 0.1

Puc. 1 OkHO nonp30BaTeNIbCKOr0 HHTEpdEiica A1 3a1a4u IPOKATKH.

[TocoOue coctouT u3 nByx uacteid. B vactu 1 momaroBo cobupaercs 3amaua
MPOKAaTKU cTalibHOTO JucTa (B Hacrosdiiee BpeMs OTCYTCTBYET AETalIbHOE ONMUCAHUE
MaremMaTudecko mojenn). YacTe 2 mocBsiieHa nmapaMeTpu3alui 3ajladyd U CO3JaHUI0
rpadudeckoit 06osouku B mporpammuoM komruiekce SIMULIA Abaqus.

['paduueckas 0ob6om0uka co3ga€rTcst JUisi TPOrpaMMHOTO KOja, HATMCAHHOTO Ha
s3pIke Python 2x, BBEIIOJHSIONIETO COOPKY MOJICH M 3aITyCK € Ha pacuér.

CambIii TipocToit crocod cozmath Python kox mis Plug-in ucnons3oBats Macro
Manager. Makpoc 3amuchIBaeT ACHCTBHs IOJb30BaTelss B Buae Python komanm u
BOCITPOM3BOAMT MX Npu 3amycke. Kak Obulo OTMEYEHO BBIIIE, IJIATMH CO3JAETCs Ha
ocHoBe Python ¢ynkmun. B mnporpammupoBanuyd (YHKIMH — 93TO CPEJCTBa,

MO3BOJISIIOIIME TPYNIUPOBATh HAOOPHI MHCTPYKUMUA TaK, YTO B MPOrpaMMe OHU MOTYT
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N BbluMcnuTtenbHasa TexHuka

WN3meputenbHoe obopyaoBaHue

3allyCKaTbCd HCOAHOKPATHO. CDYHKHI/IH MOI'YT BBIYHCIIATH HCKOTOpBIﬁ pe3yiibTaT H
IMMO3BOJIITh YKa3bIBATb BXO/JHBIC ITAPAMCETPHBI, OTIIMYAIOIIUCCA 110 CBOUMM 3HAUCHUAM OT
BBI3OBA K BbI3OBY.

HpeHHO}KeHHBIﬁ croco0 He CANHCTBCHHO BOBMO)KHBIﬁ, HO C TOYKH 3PCHUA aBTOpaA,
OJIMH U3 CaMBbIX ITPOCTBIX.

ILJISI YCIICITHOI'O BBITTOJIHCHHA SaﬂaHI/Iﬁ 1mocoOus 3HaHNE CUHTAKCHCa SI3bIKa Python
ABJIKICTCA KCJIIATCIbHBIM, HO HC 00s13aTeILHBIM YCJIOBUCM. MOMCHTLI, CBA3aHHBIC C
S3BIKOM IIPpOrpaMMHpPOBAaHUs, LCJICHAIIPABJICHHO OIIYIICHBI, a4 BCC IIPpaBKHM TCKCTAa
IIPpOrpaMMHOI'O KOJa COIIPOBOKACHBI CKPUHIIIOTAMH.

OpueHTHPOBOYHOE BPEMS BBINOJHEHHUS 3aJaHus — 4 yaca.

C moOBIMH  TIOXKEJIAHHUSIMH U 3aMCYaHUsIMU, 06pamaﬁTCCB 0 aapcecCy:

simulia_support@tesis.com.ru.
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‘ BbluncnutenbHasa TexHmka

WN3meputenbHoe obopyaoBaHue

Yacts 1 (Co3nanue Mmoaesin)

B nannom paszgene Oyner cobpaHa Mojesb MPOKATKU CTAIBHOTO JucTa. J{Jis ynporieHus
JnanpHeHmeil paboTel ¢ MarepuasaMd MOCOOWs, PEKOMEHIyeM MpUICPKHUBATHCS
MOCJIEA0BATEILHOCTH BBIMOJIHEHUS MPEATIOKEHHBIX neicTBUi. Ha BbIX0Je MBI OTy4YnUM
python ckpunT — Makpoc, ¢ KOTOpbIM OyJieM padoTaTh B YaCTH 2 HACTOSILETO MOCOOUS.

AKTHBHPYEM 3allHCh MAKPOCa IJIs 3a1a4u:

File -> Macro Manager... -> Create -> Beenute mmst makpoca Steel_rolling u
mupektopuro  Home ->  Continue... -> TlosBurcs okno Record Macro
uacHtuunupyomue, uyro Abaqus CAE nauanm 3amuceiBaTh COBEpIIAacMbIe BaMuU
koMaHIbl. He 3akpeiBaiiTe okHO Record Macro io cnenmansHoro ykasanus. (Puc. 2)

Co3aagum Moeb cTajdbHo# miauThl (Puc. 3 ciesa):

Parts -> Create...-> Name: plate, Modeling Space: 2D Planar, Type: Deformable,
Base Feature: Shell, Approximate size: 0.5. -> Continue... -> Hauepture
npSIMOYTOJbHUK ¢ BbicoToM paBHOW 0.02 (M) m mmmHou 0,092 (M), mjst 3TOr0 BBEAUTE
koopauHatel Jiesoro yria (-0.092 0.0), mpasoro (0.0 0.02) -> Done. Takoe onpeneiieHue
Ba)KHO JUIA JaJIbHEHIIETO aHaIu3a.

Co3aaaum Moae b MpoKkaTHOro posuka (Puc. 3 cnpasa):

Parts -> Create... -> Name: Roller, Modeling Space: 2D Planar, Type: Analytical
rigid, Base Feature: Wire, Approximate size: 2.0 -> Continue... -> HauepTure 4eTBepTh
ayru okpyxHoctu paguycom 0,17 (m) -> Done.

Tools -> Reference Point -> pasmectute ¢€ B IEHTPE CO3aHHON OKPYKHOCTH.

Co3naaqum marepuan (Puc. 4):

Materials -> Name: Steel; Material Behaviors: Mechanical — Elasticity — Elastic,
Data: Young’s Modulus = 1.5e11 (I1a), Poisson’s Ratio = 0.3, General — Density = 7850
(xkr/m%), Mechanical — Plasticity — Plastic Data: Yield Stress = [1.6872e8, 2.1933e8,
2.7202e8, 3.0853e8, 3.3737e8, 3.6158e8, 3.8265e8, 4.0142e8, 4.1842e8, 4.3401e8,
4.4845e8] (I1a), Plastic Strain = [0.0, 0.1, 0.2, 0.3,0.4, 0.5, 0.6, 0.7, 0.8, 0.9, 1.0].
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CoBpeMEHHbIE TEXHOMNOMM - B NMPOMBILLIIEHHOCTb
’ BbluMcnnTenbHas TexHuka
: M3mepuTtenbHoe obopyaoBaHve

@) File Model Viewpot Yiew Pat §
New Model Database >
d Qpen... Ctrle0 P
Q Negwork ODB Connector > Run_roller

W Close ODB.. .

Set Work Directory.. Steel_rolling

Save CtrkeS roller

Save As...

Compress MDB...

Saye Display Options...

Save Session Objects...

Load Session Objects...

Import >

Export >

Bun Seript...

Macro Manager...

Prnt... CtriepP

Abequs PDE...

1 C&/.SFor_rolling_report/1st.cae Name: | Steel_rolling : -

2 C:/Temp/../Besr/BEAM.cae ; | Recording Macro: "Steel_rolling”

3 C/Temp/../read_data/BEAM.cae Directory: @ Home () Work

4 C/Temp/../beam/BEAM.cae e | { 7R J I Stop Recording

|5

[Create...] [Delete...] [ Run ] [ Reload J [ Dismiss ]

Exit CtrieQ

o

=4 Models (1)

= Model-1 — | pam—————
Name: | plate Name: | roller
%’ F Switch Context Ctrl+Space
P2 Mo e eSS Modeling Space Modeling Space
13D @ 2D Planar ) Axisymmetric (0 3D © 2D Planar ) Axisymmetric
Type Options Type Options
@ Deformable () Deformable
(© Discrete rigid () Discrete rigid
None available None available
) Analytical rigid © Analytical rigid
Base Feature Base Feature
© Shell Wire
© Wire
© Point
Approximate size: 0.5 Approximate size: 2
[ Continue... ] [ Cancel ] [ Continue... ] [ Cancel ]
I

Puc. 3 COBI[aHI/IC reoMeTprun CTAJILHOM ITUTHI U IMMPOKATHOT'O POJIMKA.
= : o T 5 Mo

Mames | Steel Hame: Steel Mame: | Sed
Descrigtion: o | pescreson . . Se— P
Msterial Ehavioes Matersl Behsanis = :
— [
sty | Dastic Danity
Deraity ptic,__________|
Genersl  Mechancal Themnal  BlectracaslMagnetic  Other [#]
General  Mechanical Thermal  ElectricalMagnetic  Dther £.4) Genersl  Mechaescal  Themmal  EectscaliMagnetic  Other |#] lastic
Elsitic Densiay arsming: hotiopic - [ subegticns|
Types | botrepis - ¥ Suboptiens Distriastion: | Linom - & g Se- iy dgpandint Sl
e tempersture- dependent dats
Us temngeerature-dependent dats Wit tervperature- degendent data o
- Misrmbs of forld variskles 8%
Humer of fiekd variables 8 Humber of field varisbles: 0 o
s
Medul tirne scale (Tor viscoslamticty): | Longsterm v Dot Yiew st
Ho comgeeasion Mans i Sarnin
Desally 1 1mma a0
o tension 1 7880 7 mma a1
= > — Houme | u
Young's Poiuson's 4 aema 03
Mot Ratio | i BITN o4
1 15611 PRt as
LR T a5
8 ue [+
»  amue a8
W e 03
no wese  EECEEN
|
oK Cancel oK [ Cancel | ox Cancel
L |

Puc. 4 Onpenenenue cBOKWCTB MaTeprasa TUIHTHIL.
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WN3meputenbHoe obopyaoBaHue

Co31a1uM cevyeHne U MPUCBOMM €ero cTanabHoii mute (Puc. 5):

Sections -> Name: Steel, Category: Solid, Type: Homogeneous -> Continue... ->
Activate Plane stress/strain thickness: 1 -> OK.

Parts -> plate -> Section Assignments -> Bribepete netans -> Done -> Section:
Steel -> OK.

Cobepém moaenn (Puc. 6):

Assembly -> Instances -> Parts: Roller, plate -> OK. IlepemecTture mnpaBbIii
HIDKHUM yTOJI TJTMTHI B HaYaj10 KoopauHaT. B HavanbHOM KOHGUTYpaliMU POJIUK KAacaeTCs
IJTUTHI TOYKOUM OTCTOAIIEN OT OJHOTO M3 ero KoHIoB Ha 20% ero mmubl. Co3gaanuM 3Ty
Touky. Tools -> Datum -> Type: Point, Method: Enter parameter -> Brigenure rpaHb
katka -> Normalized edge parameter (0.2) -> IloarBepauth neiictBus. Compsirure
BEPXHUI MMPaBBIA YroJl MJIACTUHBI U CO3/IaHHYIO TOUKY Ha MOBEPXHOCTH KaTKa.

Cozpaaum ynoOHbIe i TallbHEUIIe paboThl CEThI:

Assembly -> Sets = [bottom (awxkHss rpanb wKThl), plate (Bes mumTa 1enukom),
refPt (Omopnast Touka KaTka)].

N noepxHoCTH:

Assembly -> Surfaces = [roller (rpans xatka co croponsl mauThl), topPlate
(BepxHsisi ¥ IpaBasi TPaHU ILIUTHI)].

3ananue cBoiicTB anajau3a (Puc. 7):

Steps -> Name: Single Pass Rolling, Procedure type: General Dynamic, Explicit -
> Continue... -> Time period: 0.1 -> Bo Bkianke Mass scaling Beioepete Use scaling
definitions below -> Create -> Application, Region: Set = plate, Type: Scale by factor =
1600 -> OK -> ybemutech B ToM, uTo okHO Edit Step BeirisiauT, Kak Ha pucyHke 8 ->
OK.

B pesynbraTe aHanmza KpoMe Harpy>KeHO-Ie(pOopMUPYEMOTrO COCTOSHUS TUTUTHI

HUHTEPECHO MOJIYYUTh CHITY U MOMEHT JICHCTBYIOIIYIO Ha oCh posnka (Puc. 9).
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M3mepuTtenbHoe obopyaoBaHve

7 N
Regwn ame: | Stee]

Category  Type

® soi
5 @) Shell Generalized plane strain
Section Eulerian

Region: Set-2

) Beam

Section: ' Steel H i@ y Otfier Composite

Note: List contains only sections
applicable to the selected regions.

[ Continue... ] [ Cancel

Type: Solid, Homogeneous
Material: Steel

Name: Steel

Thickness Type:  Solid, Homogeneous
Assignment: @ From section () From geometry Material: | Steel M &

[¥] Plane stress/strain thickness: 1

| Lok ] [ cancel |

Puc. 5 3aganue cBOMCTB ceueHU .

Tools Plug-ins  Hel

Create instances from: [P Gomie
© Parts ) Models Reference Point...
Attachment  »

Parts

Set r
Surface
Partition...

Display Group
View Cut
CADInterfaces
Customize...
) Independent (mesh on instence) Qptions..

Instance Type

© Dependent (mesh on part)
Note: To change a Dependent instance’s

mesh, you must edit its part's mesh.

[7] Auto-offset fram other instances

(48] [] Mormalized edige parameter 0 <= t <= 1): [T

Puc. 6 Coznanue cO0pku MOAEIH.

Mame: | Single Pass Rolling MNarne: Single Pass Rolling
| Insert new step after Type: Dynamic, Explicit

Basic | Incrementation | Mass scaling | Other |

Description:

Time period: 01

© off (This setting controls the inclusion of nonlinear effects
on of large displacements and affects subsequent steps.)

Procedure type: | General [ Include adiabatic heating effects

Coupled thermal-electric

Coupled thermal-electrical-structural
Direct cyclic

Dynamic, Implicit

Dynamic, Temp-disp, Explicit
Geostatic

< [ ] »

[Continue...] [ Cancel l

Puc. 7 Co3nmanue mara aHaian3a.
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WN3meputenbHoe obopyaoBaHue

Mame: Single Pass Rolling

Type: Dynamic, Explicit

Basic ‘ Incrementation | Mass scaling | Other

Use scaled m,

s and "throughout step” definitions

Disable mass scaling throughout step

Apglication
Region: ) Whole model ® Set: [ piate

Frequency/ Target Time
Interval e Increment

Scale: @ At beginning of step ) Throughout step

Type
7] Scale by factor: | 1600
Scale to target time increment of:

¥ below minimum target

[Create.. [Edit..] [Detete]

oK Cancel |

Cox ] [Cancel

Puc. 8 3ananue cBOMUCTB aHanu3a.

History Output Requests -> Step: Single Pass Rolling -> Domain: Set = refPt,
Interval = 100 -> Forces/Reactions -> RT, RM. (Puc. 9 ciesa)

AKTHBHpYeM agantanuio cetku (Puc. 9 cipasa):

Other -> ALE Adaptive Mesh Domain -> Manager -> Edit -> Use the ALE adaptive
mesh domain below, Region -> yka3atens Mbimm (BeIOpaTh U3 TpaguecKoro okHa) ->
Sets (BuHm3y rpaduueckoro oxkuna) -> plate -> Continue... -> Remeshing sweeps per
increment = 3. -> OK -> Dismiss.

Onpeneaum kourakt (Puc. 10):

Interaction Properties -> Name: Friction, Type: Contact -> Continue... ->
Mechanical -> Tangential Behavior -> Friction formulation: Penalty -> Friction Coeff =
0.4.

Interactions -> Name: Friction; Surface-to-surface contact (Explicit) -> Continue...
-> Surfaces...-> roller-> Continue... -> Surface -> topPlate -> Continue... -> OK.

I'pannunbie ycaoBus (Puc. 11):

KaTtok Bpamiaercss ¢ yrjioBoi CKOpocThio 21 pajg/c. CKOpPOCTh IIJIaCTUHBI B
HavyaJIbHBIA MOMEHT BpeMeHu paBHa 21t*0.17 = 1.01587 wm/c.

BCs -> Name: bottom, Step: Initial, Displacement/Rotation -> Continue... ->

bottom -> Continue... -> U2 = 0.
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) BbluncnutenbHasa TexHmka

M3mepuTtenbHoe obopyaoBaHve

Name: | H-Output-2

Single Pass Roling

Procedure Dynamic, Explicit
Step: [singlePassRoting [ I =" G g
Procedure: Dynamic, Explicit Frequency: Evenly spaced time intervals (=) Intervak: | 100

- Output Variables

@ Select from list below () Preselected defavks O All

£ vaiables:
RTEM
] st
: ..&'“’ Step: Single Pass Rolling
] stains
B[] Displacement Velocity/ Acceleration -

_) No ALE adaptive mesh domain for this step
@ Use the ALE adaptive mesh domain below:
Region: plate [3

¥ [ Forces/Reactions
RF, Reaction forces and momants
1 BT, Reaction Forces
) R, Reaction moments
RWM, Open-section beam reaction bimoment in dof 7
b [ CF. Concentrated foeces and moments.
3 SF, Section forces and mements.

[CALE Adaptive

Frequency: 10

«

Remeshing sweeps per increment: 3
] Outpun for rebar

Output st shell, beam, and Layered section points:
@ Use defaults ©) Specity:

[Tl Inchude sensor when svailable

Initial remeshing sweeps: @ Default ) Valuz.

G

! Use global directions for vector-valued output
[ Applyfiter: |Antakasing -

L oK Cancel

Puc. 9 BBIGOp BBIYUCIACMBIX IICPEMCHHBIX U aKTHBallWA aJallTalliid CCTKH.

Neme Friction

Nome [Ficion
Type Step: | Single Pass Roling v Name: Friction
- Procedure: Dynamic, Explicit Type:  Surface-to-surface contact (Explicit)
o ' Types forSeected St Step:  Single Pass Rolling (Dynamic, Explicit)
,,:’z‘: & 1 General contact (Expicit
Flid exchange - f Firstsuface:  roller

Self-contact (Explicit) M
Jcsc eopagne z Stndard-Explct Co-simulation § Second surface: topPlate

Incdent wave

G oasal

Mechanical constraint formulation: | Kinematic contact method El

Sliding formulation: © Finite sliding ) Small sliding
Clearance

Name: Friction

Contact Property Options Note: Clearance can only be used with small sliding in the first analysis step.

Tangential Behavior

Mechanical Thermal  Electrical
Tangential Behavior
Friction formulstion:  Penalty -

Friction | Shear Stress | Elastic Siip

Contact interaction property: | Friction [
Directionality: @ Isotropic Anisotropic (Standard only)

Weighting factor ©) Use analysis default ) Specify ‘
Use slip-rate-dependent data
7] Use contact-pressure-dependent dats
) Use temperature-dependent dsta Contact controls: | (Defautt) !
Number of field variables: 0
Friction
Coeff

. G

Puc. 10 Onpenenenre KOHTaKTa.
e o e

x|

Name: | rotateRoll

Name: rotateRoll

Step: | Single Pass Rolling H

Type:  Velocity/Angular velocity
Procedure: Dynamic, Explicit

Step:  Single Pass Rolling (Dynamic, Explicit)

Category Types for Selected Step Region: refPt
© Mechanical Symmetry/Antisymmetry/Encastre
Electrical/Magnet Displacement/Rotation GSYS: (Global) k A
© Other Distribution: | Uniform M fw
Accels '”‘g'arr' l ) g 2
Connector displacement B "77

_| |
Fva: |

Connector velocity
Connector acceleration

[¥] VR3: 2pl radians/time

Amplitude: | (Instantaneous) E] PV

e || &= &=

Puc. 11 3aganue rpaHUYHBIX YCIOBHA.
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WN3meputenbHoe obopyaoBaHue

BCs -> Name: fixRoll, Step: Initial, Displacement/Rotation -> Continue... -> refPt
-> Continue... -> U1 =U2=0.

BCs -> Name: rotateRoll, Step: Single Pass Rolling, Velocity/Angular velocity ->
Continue... -> refPt -> Continue... -> VR3 = 2*x.

3agaauM HAYAIBHYI0 CKOPOCTh IIUTHI (Puc. 12):

Predefined Fields -> Name: initVel; Step: Initial; Category: Mechanical; Types for
Selected Step: Velocity -> Continue... -> Sets -> Bridepete set: plate -> Continue... ->
V1:1.01587 -> OK.

Certka (Puc. 13):

Jlnst maHHO¥M 3amaum OymyT Wcmoiib3oBaThes dneMeHThl CPE4R w3 O6ubnmorexun
Abaqus/Explicit.

Plate (B nepeBe monenu) -> Mesh (Empty) -> Mesh -> Element Type -> Element
Library: Explicit; Family: Plane Strain -> OK -> Seed -> Part -> Approximate global size:
0.002 -> OK -> Mesh -> Part -> Yes.

Part: Roller (cm. Puc !) -> Seed Part -> Approximate global size: 0.02 -> OK.

Onpenenenue ananusa (Puc. 14):

Jobs -> Name: rolling -> Continue... -> OK -> Job Manager -> Submit.

B oxne Record Macro maxxmute Ha kHoniky Stop Recording.
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COBpeMEHHbIe TEXHOJ10TUK - B NPOMBbILLITIEHHOCTb

Name: | initVel

Step: | Initial -
Category Types for Selected Step
® Mechanical
Other Stress
Geostatic stress
Hardening

Cancel

Neme: initVel Sets below may contain vertices, edges, faces, cells or nodes.

Type: Vel : ae

ol Name filter: Q

Step:  Initial

Region: plate Name Type

Distribution:  Uniform Y bottom Geometry

Definition:  Translational only - plate Geometry r
V1: 101587 plate-1.5et-1

v lnbn 1 €t D

Puc. 12 3aganue Ha4aJIbHBIX YCIOBUM.
& bt ST TN 2 6 57 Ve TR = o5 . ==

@) Ele Model Viewpor Yiew Seed (3] e Model Viewport View Seed | Mgsh Adaptivity Featyre JTools

LEESSE A
T Mohddouts (- (D

Model  Results

5 Model Database

43 Models )
5 Model-1
= fhy Parts 2)
® Roller
B plate
5 & Features (1)
séy Seas @)
& Sudaces
o skins
¢ suingers
© & Section Assignments (1)
S Orientations
B Composite Layups
414 Engineering Features
B
5 P5 Matensls (1)
& Calibrations
8 % Sections (1)
# Profies
543 Assembly
0% Steps (2)
@ B Field Output Requests (1)
#Bp History Output Requests (2)
5 Time Points
B ALE Adaptive Mesh Constraints
4T Interactions (1)
#5E Interaction Properties (1)

LDEESSE &

(P Mesh defoults
Model | Results |
Model Database
= 48 Models (1)
= Model-1
= [y Parts (2)
+ Roller

= nlate

BT et Ty
Bemert Leary
Sandud @ biphct
Gecmetric Ovter
@ Unew ©) Quadnatc
Qus |18
Themert Controk

Secend-seder sccuncy: © Yes @ 1o

Ouatcrton controt

Temast deletion:

B A

HP-

® U deect O Y O No

o

Mosrgas contist @ Use defact ) Erhanced ©) Reiae stiness

® Undent O Yes O o

Controls..
Qrientation >

Global Numbering Control...
Part...

Region...

Delete Part Native Mesh...
Delete Region Native Mesh...
Create Bottom-Up Mesh...
Agsociate Mesh with Geometry...

SWtoars ) ¥

Note: To select an ehemert thape foe meshiog,
welect

o

€ Contact Controls
-~ RIS

Mesh-> Controhs” faem the man men ba.

et |

Sizing Controls
Approximate global size: 0.001
(V] Curvature control

Maximum deviation factor (0.0 < h/L <1.0): 01
(Approximate number of elements per circle: 8)

Minimum size control
@ By fraction of global size (0.0 < min <1.0) 01
By absolute value (0.0 < min < global size) 0.00093

ok | [LApply | [Defautts] [ Cancel |
e —
2 Absquurcat 2017 eaport 1
[@) Ele Model Viewport Yiew Seed | Mgsh Adaptdty Festyre Jook P

PEIIT Y :
e Qrientation »
P Mehdeaurs [+ () - ® g
Model | Results Global Numbering Control...
£ Model Database Begion-
43 Modess 1) Delete Part Native Mesh...
= Model-1 Delete Region Native Mesh...
=y Parts 2) <
reate Bottom-Up Mesh...
B ek Agsociate Mesh with Geometry..
% e Delete Mesh Associativity...
b Ses ) (e
& Surfaces Create Mesh Part..
@ Skins Yesify...

P e W

WIFLLOA1 234 4 53 B0 L2

o F st s | v

sty 8 tuaflom

Puc. 13 Co3manne KOHEUHO-DJIEMEHTHOM CETKU.

ERSNET A @

Name: | relling

E

Source: Model

Puc. 14 PacuérHas ceTka u co3gaHue npoLeayphbl aHaIN3a.
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Yactsp 2. Python. Co3ganue n1nanoroBoro okHa.

B mannOM paznene paccMOTpeH Mpolecc co3aanus rpadudeckoil 000JI0YKH Ha OCHOBE
python ckpurmTa, 3almMCaHHOTO B TEPBOM YACTH HACTOSAIIECrO MOCOOWs. BhImosHss
WHCTPYKIIHH, 0C000€ BHUMAHHUE CTOUT yICIATH (HOPMATUPOBAHUIO BAIIIETO KOJIa, YTOOBI
n30exarb JanpHedmmx omubok. Bceerma cpepsiiTe Baml Koj, ¢ NPUBEICHHBIMU
puMepamMu IpOrpaMMHOro Koja.

[Tocne Toro, kak OBUI 3amucaH (aiyl MaKpoca, MOXKHO TEPEXOUTh K CO3/IaHUI0
JMAJIOTOBOr0 OKHa ¢ moMoinpio nHerpyMenta RSG Dialog Builder Berpoennoro B ITK
SIMULIA Abaqus.

JlaHHBIN TIPOIIECC YCIOBHO EIHUTCS Ha JBE YaCTH:

1. TloaroroBka python ¢yHkuu.
2. Co3ganue rpaduyueckoro naTepderica moabp30BaTeNs.

[Mepeiimute B8 Home directory. OG6wruno 3to C:\Users\PC_name. YUrtoObl He
MOBPEIUTh HCXOMHBIA (aitm  abaqusMacros.py coaepxamuii  HWHQOpPMAIUIO O
NPOJICIIAaHHBIX JICMCTBHUAX B dYacTu 1, craenaiite ero komuio ¢ mmenem rolling.py,
MEPEMECTHTE €T0 B Ballly pabovyIo JUPEKTOPHIO, TIOCIIE Yero OTKpoitTe (haiiin ¢ moMoIbI0
penakTopa koaa Bcrpoennoro B Abaqus (File —> Abaqus PDE... -> File -> Open ->
rolling.py), uinu GecraTHBIM TeKCTOBBIM peaakTopom Notepad++.

Wuctpykuus “def Steel _rolling(): “ B s3bike Python (Puc. 15) co3maet o0bekT
byHKIMU U cBs3biBaeT ero ¢ umeHem Steel rolling. B cTpoke 3arooBka B KpyTJbIxX
CKOOKaxX IOCJIe MMCHH TICPEUYHCIIIOTCS TOJAIONIMecs € Ha BXOJ apryMEHTHI KU
napameTpsl. [TycThle CKOOKH 03HA4aroT, 4YT0 (DYHKIHS HE IPUHUMAET HA BXOJ HUKAKHUX
3HAYeHUH, a cama (YHKITHS, B HAIlIEM CITydae, BHIMTOIHICT HHCTPYKIIMH, IPOITUCAHHBIC B
Tene (pyHKIMU, COOTBETCTBYIOIIME TIOCTPOSHHUIO U 3aIlyCKy Ha pacu€T 3aJadd IpoKara
CTAIBHOU TUJIACTUHBL.

B nanHom paznene OyayT BHeceHbl n3MeHeHus B Teno ¢yHkuuu. Kox Oyner
MoauduIIMpoBaH TakK, 4YTOObl (PYHKIMM HA BXOJ IOJAABaJUCh OCHOBHBIC
napamMeTpbl/OObEKTHl 3aJa4d MU HAa OCHOBE JAHHOW (YHKUMU CO3[aTh IpapuuecKuil

untepodeiic plug-in 8 Abaqus CAE (Puc. 16).
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M3mepuTtenbHoe obopyaoBaHve

[[Z] Abaqus PDE: c/Users/artem/Desk

= Eile Edit Settings Window Help = & [X]
(=3 Mainfile: | <Nomain file selected> [+ Runin: © GUI © Kemel @ Local "8 = Connected to CAE
D & =] @ Stopped P+ I H K4 PH ["]Ignore Breaks | Delay (ms): 0 1 g
1 def Steel_rolling(): -
2 INport section i
: ! TesionTooleet Onpegenenue ¢pyHKuum Steel_rolling
4 digplayGroupHdbToolset 2= dgm
5 t part
6 t material
% assemnbly
g step
9 interaction
10 load L
11 nesh L
12 optimization
13 job |
14 sketch
15 visualization \
16 zyPlot
i rt displayGroupOdbToolset == dgo
18 1nport connectorBehavior
19 session.viewyports['Viewport: 1'].partDisplay.setValues{mnesh=0FF) 3
20 session.viewports[ 'Viewport: 1'].partDisplay.meshOptions.setValues(
21 meshTechnique=0FF) ~

Puc. 15 Okno Abaqus PDE. Onpenenenne dyukimu Steel_rolling.
x

Geormnetry

Length (rm): | 0.092
Height 1 (m): | 0.02
Height 2 (m): |0.01

Radius (m): |0.17

Angular velocity

Material: | Steel E| LS

Mesh

Element size (m): | 0.002

Experiment setup
Angular velocity (rad/s): | 6.28319

Friction coefficient: | 0.4

Analysis setup

Analysis time: | 0.1

Puc. 16 OkHO monb30BaTEeNBCKOT0 HHTEpQEiica AIs 3aa4H MPOKATKH.

H3menenne Python ckpunra:

Ortkpoiite ¢aiin rolling.py ¢ momoripio Abaqus PDE... (File —> Abaqus PDE->
File -> Open -> rolling.py). Jlis Toro 4ro0s!

Jnst KoppeKTHOM paboThl (GYHKIIMH HEOOXOJUMO MOJArPY3UTh OUOIUOTEKH IS
pabotel co cpemnoii Abaqus. /loGaBbTe TpH CTPOYKHM B HAdajgo OTKPHITOro (Qaiiaa

rolling.py, noarpysxatomue kinaccel Abaqus (Puc. 17).
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from abaqus import *
from abaqusConstants import *
import __main__

Hauano ¢aiina moymKHO BBITTIAAETH, KaK MOKa3aHo Ha Puc. .

=] Abagus PDE: c/Temp/abaqus_job_files/Abaqus_python/For_rol

j File Edit Settings Window Help

EE Main file: | <Mo main file selected=>

D [3 @ Stopped

abagus

mailrn

[t el g B S R S

zection

*

abaqusConstants *

Steel_rolling():

Puc. 17 3arosnoBok ¢aiina rolling.py
Ha AJaHHOM MIar¢ HaM HeO6XOI[I/IMO IMPOBCCTHU IApaMCTPHU3AIUIO 3a/ladv, Ha BXOJ

®YHKHHH AOJDKHaA II0JIY4aThb 3HAYCHHA IICPCMCHHBIX YKA3dHHBIX B Ta6J'IHLIe HHWIKC.

Kaxxnasa nepemeHHast 4OJKHA OBITh aCCOLIMMPOBaHA ¢ €€ OOBEKTHBIM UMEHEM BHYTPHU

(hyHKITUY.

IlepemeHHbIE Keyword
Jlmuna (Length) L
Tommmna (Heightl) H
Tonmmua mocse npokatku (Height2) h
Pannyc Bamuka (Radius) R
Monens matepuaia (Material) NameMaterial
Pasmep koneuHoro snementa (Element size) seedsize
VYrioBas ckopocTh Banuka (Angular
. Omega
velocity)
Koaddurment tpenust (Friction coefficient) mu
Bpems ananuza (Analysis time) an_time

Ta6mz1ua 1. CooTBeTCTBHE MNEPpEMCHHBIX U UMCH 00BEKTOB.

UToOBI yIIpoCTUTH MOCIENYIOIIee pPelakTUpoBaHue (aitia co3maiTe HECKOIbKO

MyCTBIX CTPOUYEK TaKUM 00pa3om, 4ToObl 39 cTpouka Ha puc.18 coBnagana c 39 crpoukoi

B BaieM ¢aiine. Eciu Bce nelictBust, onucanHbie B Yactu 1 ObUTH NpOJEaHbl B CTPOTOM

COOTBCTCTBUH C JaHHBIM HOCO6I/ICM, TO HOMCPA CTPOK JOJIZKHBI COBIIAAAaTh. COBHaI[eHI/Ie

CTPOK He€ SIBJISIETCS 00s3aTeIbHBIM YCIOBHEM pab0TOCTIOCOOHOCTH KOJIa, a JIeJIaeTCsl IS

ya00CTBa JanbHEHIIeH HaBUTAINK 110 (HaiTy.
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JIns Havajma COIMOCTaBUM JIJIMHE, TOJIIMHE CTajJbHOW IIACTUHBI OOBEKTHI C
umeHamu L u H cootBeTcTBeHHO. J{7151 3TOTO 3aMeHUTE CTPOKY 6 (Prc. 18) Ha
Steel_rolling(L, H):
a 39 cTpoka 0JDKHA BKIIFOYATh TAHHBIE O0BEKTHI
s.rectangle(point1l=(-L, 0.0), point2=(0.0, H)).
' Abaqus PDE: c/Temp/abaqus job_fles/Abaqus_python/For_rollng_report/raling_onginal py [earea T

j File Edit Settings Window Help

I_T Main file: | <Mo main file selected> H Run in: GUI Ken
D > B F)] Stopped P I0 H W4 DM []Ignore Breaks | Delay (ms): |0 1 5
1 n abaqus inport #*
2 n abagqusConstants inport #*
z| B __main__
4
5
[ fSteel_rolling(l, H):
7 UL LU
8 regionToolsst
34 session. vievports[ 'Vie 7].view setValues(nearPlane=0. 410058,
35 farPlane=0. 532?51 mdr.h D 777032, height=0.34706, :ameraPasxtwm(
36 =0.043129, 0.0133834, 0.471405), cameraTarget=(-0.043129, 0.0133834,
37 [N
38 o
39 =.rectangle{pointl=(-L, 0.0), point2={0.0, H))
40 = R e — TErTnEEepryversginensional ity=TWO_D_PLANAR,
41 type= DEFORHABLE BODY)

Puc. 18 Jlo6aBnenne nepemennsix L, H B pynkimro.
OO0bekT ¢ uMeHeM R coOTBeTCTBYyeT paauycCy Bajuka, 100aBbT€ €ro B CIHCOK
MepeMeHHbIX, nepefaaBaeMbix B (yHkiuio (Puc. 18), a xomaHga Ha co3gaHue IyTH
OKPY>KHOCTH JIOJKHA BBITJISJIETh CIASAYIOMUM 00pa3oM:

sl1.RadialDimension(curve=g[2], textPoint=(-0.264792740345001,
-0.16046154499054), radius=R)

[E) Abaqus PDE: c:/Temp/abaqus_job_files/Abaqus_python/For_rolling_report/rolling_original.py [em-'
1 File Edit Settings Window Help

1__*' Main file: | <No main file selected> B Runin: ) GUI ) Kemel @ Local -'=
L] lj =] t] Stopped I k H % Ignore Breaks | Delay (ms): |0 = g
abaqus 17
abaqusConstants port *
__main__

Steel rolling(l, H. R):
secLion

regionToolset
54 =l ArcEyCenterEnds(center=(0.0. 0.0). pointl=(0.0. -0.25). point2=(-0.25, 0.0},
55 direction=CLOCEWISE)
13 =1 RadialDimension{curvescl2l  tewtPoint={-0.264792740345001.
52 —0.16046154499054) . radius=R)
58 p = mndb models[ 'Hodel-1 | rartiname='Roller'. dimensionality=TUCO_D_PLANAR,
59 type=ANALYTIC_RIGID SURFACE)

Puc. 18 Jlo6aBnenue nepemeHHoi R B hyHKIHIO.
CozgaauMm Tpu pa3HBIX MaTepualia CTajld, Ha JAHHOM JTalle pasidyaroIiuecs

TOJIbKO Ha3BaHMsAMH. [ sToro, ¢yHkuus OyneT NpPUHUMATh Ha BXOA OOBEKT
NameMaterial, koTopslii HEOOX0AMMO JT00ABHTH B CIIMCOK IIEpeMEHHBIX. B 3aBucMMOCTH

oT uMeHH nepeMmenHon «Steelly, «Steel2y umu «Steel3y, cBolicTBa MarepuaaoB MOTyT
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paznuyathes. [IprucBoeHne CBOKWCTB B 3aBUCHMOCTH OT HIMEHH MaTepHalia peaan3yercs ¢
OMOIIbI0 KOHCTpyKInH If.. 3a co3manue MaTepraia ¥ MPUCBOCHUE €My MEXaHHICCKHIX
CBOMCTB OTBEYAET y4aCTOK KOJa, MoKa3aHHbIA Ha pucyHke 20. Momudumupyiite Temo
GYHKITUH TaK, 9TOOBI CO3/IaHNE MaTepraia MPOUCXOIIO TaK, KaK TTOKa3aHO Ha PUCYHKE

21. Onpenenenune Matepualia J0HKHO BRITJISIETh CIEIYIOMIUM 00pa3oM:

if NameMaterial == 'Steell":
mdb.models['Model-1'].Material(hame=NameMaterial)
mdb.models['Model-1'].materials[NameMaterial].Elastic(table=((150000000000.0, 0.3),
)
mdb.models['Model-1'].materialsfNameMaterial].Density(table=((7850.0, ), ))
mdb.models['Model-1'].materialsfNameMaterial].Plastic(table=((168720000.0, 0.0), (
219330000.0, 0.1), (272020000.0, 0.2), (308530000.0, 0.3), (
337370000.0, 0.4), (361580000.0, 0.5), (382650000.0, 0.6), (
401420000.0, 0.7), (418420000.0, 0.8), (434010000.0, 0.9), (
448450000.0, 1.0)))
if NameMaterial == 'Steel2":
mdb.models['Model-1'].Material(hame=NameMaterial)
mdb.models['Model-1'].materials[NameMaterial].Elastic(table=((150000000000.0, 0.3),
)
mdb.models['Model-1'].materialsfNameMaterial].Density(table=((7850.0, ), ))
mdb.models['Model-1'].materialsfNameMaterial].Plastic(table=((168720000.0, 0.0), (
219330000.0, 0.1), (272020000.0, 0.2), (308530000.0, 0.3), (
337370000.0, 0.4), (361580000.0, 0.5), (382650000.0, 0.6), (
401420000.0, 0.7), (418420000.0, 0.8), (434010000.0, 0.9), (
448450000.0, 1.0)))
if NameMaterial == 'Steel3":
mdb.models['Model-1'].Material(name=NameMaterial)
mdb.models['Model-1'].materials[NameMaterial].Elastic(table=((150000000000.0, 0.3),
)
mdb.models['Model-1'].materialsfNameMaterial].Density(table=((7850.0, ), ))
mdb.models['Model-1'].materialsfNameMaterial].Plastic(table=((168720000.0, 0.0), (
219330000.0, 0.1), (272020000.0, 0.2), (308530000.0, 0.3), (
337370000.0, 0.4), (361580000.0, 0.5), (382650000.0, 0.6), (
401420000.0, 0.7), (418420000.0, 0.8), (434010000.0, 0.9), (
448450000.0, 1.0)))
mdb.models[*Model-1"].HomogeneousSolidSection(name="Steel’, material=NameMaterial,
thickness=1.0)

OueHb BHUMATEILHO OTHECUTECh K OTCTynaM. IIpoBephTe, uTo nepes KOHCTpyKIiuei if,
HET MPOOCNIOB, a BHYTPCHHHE HHCTPYKIMM HUMEIOT OTCTYIN paBHbI 1 TaOymsauuu (4
npobea).
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[E) Abaqus PDE: c/Temp/abagus_job_files/Abaqus_python/For_rolling_report/ralling_original.py [edited] [ ———

1 File  Edit Settings  Window Help

S Main file: | <Mo main file selected> B Runin: © GUI © Kemel @ Local

D B E @| Stopped F Ir H M4 PH O | [Tl Ignore Breaks | Delay (ms): |0 ‘ 1 |£ __é|
1 from abagqus inport *

2 from abagqusConstants inport

3 dnport __main__

4

5

f def Stesl rolling(L, H. R, Namddateriall:

7 LIport section

8 inport regionToolset

9 inport displayGroupdHdbToolsest == dgm

B3 sesszion.viewports[ 'Viewvport: 1'].partDisplay.setValues(sectiondssignment==C0H,
70 engineeringkFeatures=0H)

71 session . viewports[ 'Viewport: 1'] . partDisplay. geometryOptions. setValues(

72 i f mren~=Penresent &t 1on=NFF

73

74 0.3%,
75

76 . . r . .1

77 ' ' . J oo.0, 0.0,
78 2 0.1}, a &

79

a0

a1 0. 0)))

g2 gL L LS l—1 | AUNOYENEUUSSUIIUSeCLLIUIL HalE- SLEEl |, Nalerlal- Sleel
83 thickness=1.0)

84 sesszion.viewports[ 'Viewvport: 1'].partDisplay.setValues(sectiondssignment==0FF,
85 engineeringkFeatures=0FF)

86 session . viewports[ 'Viewport: 1'].partDisplay. geometryOptions. setValues(

Puc. 20 YuacTok Koza, OTBEUAOIINHI 3a OIpe/ieIeHNE CBOMCTB MaTepuaia.

65 del mdb.models[ 'Model-1"7. sketches[ _ profile 71

1) p = mdb.models[ 'Model-1'].parts[ 'Roller']

67 vl, e dl. n = p.vertices, p.edges, p.datums. p.nodes

68 p ReferencePoint (point=p InterestingPoint{edge=e[0]. rule=CENTER))

69 session. vievports[ 'Vievport: 1'] partDisplav.setValues(sectionissignnents=0N,

70 engineeringFeatures=0H)

71 sessicm viewparts['viewport: 1'] partDisplay.geonetryOptions . setValues(

72 g e e

73 if NameMaterial == 'Stesll’:

7d ndb . models[ 'Hodel-1'] . Haterial (name=HaneHaterial

75 ndb. models[ 'Hodel-1"] . naterials[Hanslaterial | Elastic({table={(150000000000.0, 0.3,
76 3]

77 ndb.nodel=s[ 'Hodel-1'] . materials[HansMaterial] . Densitv(table={(7850.0, }, 1}

78 ndb.models[ 'Hodel-1"] . materials[Hamelateriall Plastic(table=((168720000.0, 0.0}, (
79 219330000.0. 0.1). (2?20200" I I !I LDSSSUDDD 0, 0.3, ¢

en 337370000.0, 0.4), (361580000.0, 0.5), (382650000.0. 0.6}, (

81 401420000.0, 0.7). (418420000.0, 0.8). (434010000.0, 0.9),

82 448450000.0, 1.0})3)

a3 if NameMaterial == 'Stesll’

B4 ndb nodels[ 'Hodel-1'] Haterial (name=HamneHaterial

85 ndb. nodel=s[ 'Hodel-1'17. materlals@stlc(table=((ISUUUUUUUUUU 0, 0.3},
=13

a7 ndb . models[ 'Hodel-1'] . materials[HaneHaterial] Density({table={(7850.0. ). )

88 ndb.models[ 'Model-1'] materials|NamsMaterisal] Plastic(table=((168720000.0, 0.0},
89 219330000.0, 0.1y, (2720200000, 00 . 08530000.0, 0.3},

a0 337370000.0, 0.4), (3e1580000.0, 0.5), (382650000.0, O.63,

91 401420000.0, 0.7), (418420000.0, 0.8), (434010000.0, 0.93, (

92 448450000.0. 1.0)3)

93 if NameMaterial == 'Stesl3d':

94 ndb.models['Hodel-1'] . Material (namezNamsMateriall

95 ndb.nodel=s[ 'Hodel-1']1 . mnaterials[Hansdaterial] Elastic(table={{150000000000.0, 0.3},
LS

97 ndb nodels[ 'Hodel-1'] material=s[HameMaterial] Den=ity(table={(7850.0. ). 1)

EL: ndb models( ' Model-1']. materlals.Plastlc(table=((16872UUUU.U, 0.0y, ¢
39 219330000.0, 0.1), (2720200000, 00 3 08530000.0, 0.3},

100 337370000.0. 0.4). (361580000.0, 0.5). (382650000.0. 0.6,

101 401420000.0, 0.7), (418420000.0, 0.8), (434010000.0, 0.93, (

102 448450000.0, 1.0)

103 ndb . models[ 'Hod=1l-1'1.HonogensousSolidSection({nane="'Stesl', mnaterial=NaneMateriall

104 thickness=1.0) e
105 : R T T —— [T L : R P

106 enginesringFeatures=0FF)

107 ses=zion. viewvport=s[ 'Viewport: 1'] partDisplay geonetryOptions setWValues(

108 referenceRepresentation=0N)

Puc. 21 MoaudunmpoBaHHbIi y4acTOK KO/a, OTBEYAIOIIH 32 OMpeIeIeHus] MaTepHrana.
J{nst Toro yToOBI MOZIEIB OblIa cCOOpaHa BEPHO, HEOOXOIUMO ONPEACIIUTh

B3aMMHOE ITOJIOKEHUE CTAJIbHOM IIJIMTHI OTHOCUTENIBHO PONIMKA. [IpaBblii HUKHHUM yrou
IUIMTHI HaXoAuTcs B Havase koopauHat (0, 0). [1yst Toro 4ToObl MOTYYUTh HYKHYIO

TOJIIIUHY JCTAJIN Ha BBIXOJIC paBHYIO N, IIEHTp pojIMKa J0JDKEH UMETh KOOPIMHATHI

((\/R2 —(h+R—-H)?+¢), (h+ R)), KaK I0Ka3aHO Ha pucyHke 22. [lapamerp € = 107°

HY’KEH JJIs1 TOTO, YTOOBI TapaHTHUPOBATh, YTO MOBEPXHOCTDH BaJIMKa HE NMEPECEKACT

BEPXHEHN MOBEPXHOCTH CTATIBHOM TUIUTHI.
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(L5 » BbluncnuTensHas TexHuka

—— WN3meputenbHoe obopyaoBaHue

(JR=(+R=H?+2),(h+R)

f
4+

(VRZ=(h+R—H)? +¢)

Puc. 22 CxematnyHoe n300pax€HHE B3aUMHOT'O PACIOI0KEHUS JIEMEHTOB.

[Nepenaiite B pyHKIMIO 00BEKT N ¥ N3MEHUTE CTPOKY, BBIICICHHYO Ha puc. 23

al.translate(instanceList=("'Roller-1', ), vector=((sqrt(R**2-(h+R-H)**2)+0.00001), (h+R), 0.0))
T

[Z] Abaqus PDE: c:/Temp/abaqus_job_files/Abaqus_python/For_rolling_report/rolling_original.py [ediled]"
j File Edit Settings Window Help

= . ; @ =1
[—F Main file: | <Ne main file selected> B Runin: © GUI ) Kemel @ Local
D [3 E @ Stopped [11gnore Breaks | Delay (ms): 0 é _:é
1 abagus *
2 sbaqusConstants *
3 __main__
4
5
(3 Steel_rolling(l, H., R, Hamelaterial, h):
7 =section
8 regionToolset
9 dizsplayGroupddbToolset dgm
128 a DatumPointByEdgeParam{edge=e11[0]. parameter=0.2)
129 zession.viewports[ 'Viegport: 1'].view.=setValues({nearPlane=0.485756,
130 farPlane=0.534048, width=0.30676, height=0.131112,
131 viewDffsetE=0.0262757, viewQff=set¥=0.0387762)
135 SRRl Hntue i Sl ST R B st Sufstaii ot P
133 al.transzlate(instancelist={ 'Roller-1', ), wvector=((=sgrt(R**2—(h+R-H)**2)+0. 00001}, (h+R), 0.0)))
134 L I e L PV Lt S T T S
135 farPlane=0.532732, width=0.307591, height=0.131467,
136 wiewDff=etX=0 0584581, wiewDffsstV=0 12554
137 a = mdb.models[ 'Model-1']. rootissemblyd
138 el = a.instances['plat=-1'] edges

Puc. 23 U3meneHHbIH yY4aCToOK Koza, OTBEYAIOIIUN 32 B3aMMHOE ITOJIOKEHHUE DJIEMEHTOB.

[lepenaiite B PyHKIMIO OOBEKT MU, OTBEHAONIMI 32 KOA(P(ULIHUEHT TPEHUs U

M3MEHUTE CTPOKY, BBIJICJICHHYIO Ha pPUCYHKE 24.

mdb.models['Model-1"].interactionProperties[‘Friction’]. TangentialBehavior(
formulation=PENALTY, directionality=ISOTROPIC, slipRateDependency=0OFF,
pressureDependency=0FF, temperatureDependency=0OFF, dependencies=0,
table=((mu, ), ), shearStressLimit=None, maximumElasticSlip=FRACTION,
fraction=0.005, elasticSlipStiffness=None)
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[Z] Abaqus PDE: c:/Temp/abaqus_job_files/Abaqus_python/For_rolling_report/rolling_original.py [ed\'teci]' |
J File Edit Settings Window Help
- . . in =l
[ Msinfile: | <No main file selected> ] Runin: © 6UI © Kemel @ Local
D [3 E @ Stopped [] 1gnore Breaks | Delay (ms): |0 £ :E.
1 abagus *
2 abaqusConstants *®
3 _ main__
4
5
() Steel rolling(l, H, R. HamsMsterial, h, mu)
7 el LU
8 regionToolset
9 displayGroupddbToolset dam
10 part
11 material
12 aszzenbly
13 step
185 ndb nodels[ 'Hodel-1"'] . ContactProperty( 'Friction')
186 mdb . models[ 'Hodel-1"'].interactionProperties[ 'Friction'] TangentialBehavior(
187 formulation=FENALTY, directionality=ISOTROFIC, =lipRateDependency=0FF,
188 mressnralersndency=0FF, temperatursDependency=0FF. dependencie==0,
189 table={{mu. 3} ). shearStressLinit=None. mazinunElasticSlip=FRACTION,
190 [raction=u.uus, elasticSlipStiffness=Hone)
191 a = ndb.models[ 'Hodel-1']. rootissenbly
192 regionl=a. surfaces[ 'roller']
193 a = ndb.models[ 'Hodel-1']. rootdssenbly
194 regionZ=a. surface=s['topPlate']

Puc. 24 Onpenenenne ko3 PuIMeHTa TPCHHSL.
Bo3MoxHO, a1 HEKOTOpPHIX KOHGUTYpanui 3ajladyu MoTpeOyeTcs YBEIUYUTh BpEeMs

aHaJM3a, JUIs 9TOTO NepeaaiTe B GyHKIUIO 00BEeKT an_time i BeIAETICHHOM yJacTKe KoJa

(Puc. 25) mocne previous=’Initial’, BctaBpTe cTpoky timePeriod=an_time.

[Z] Abaqus PDE: c/Temp/abaqus_job_files/Abagus_python/For_rolling_report/rolling_original. py [ediled—]- |
J Eile Edit Settings Window Help
T ) ; in: @ =
[ Main file: | <No main file selected> E| Runin: © GUI ) Kernel @ Local
D B @ Stopped [“l1gnore Breaks | Delay (ms): |0 £ __é
1 abagus *
2 abagusConstants *
3 __main__
4
5
6 Steel_rolling(L. H. R. HameMaterial. h. mu. an_time):
7 =ECLLUL
) regionToolset
9 displayGroupHdbToolset dgm
10 part
162 =l = a.instances['plate-1'].edges
163 sidelEdgesl = sl.getSequenceFrombaskimask={'[#t 1'. J. )
164 a.Surface(=zidelEdgez==1delEdgesl, name='topFPlate')
165 session.viewports[ 'Vieyport: 1']. assemblyDisplay . setValues(
166 adaptivedeshConstraints=C0H)
167 rmmi e et mndh medalel Hodel 101 smmt Aseanbla satel oot
168 mdb.models[ 'Hodel-1'7. ExpllcltDynamlcsStep(name— Single Pass RHollin
169 previous="'Initial', timePeriod=an_tine, massScaling=((SEHI_ AUTOMATIC regionDef0,
170 AT BEGINNING. 1600 T U 0 Fome 0 T 0.0. 0.0, 0. Hone). )
171 SesSS10n. VIeWports| Yiewport: L | assemblyUlsplay . setvalues(
172 step='Single Pass Rolling')
173 regionDef=mdb.deels[ Hodsl-1'].rootdssenbly. sets[ 'refPt']
174 mdb.models[ 'Hodel-1'] . HistoryOutputRequest {nane= ' H-| Output 2
175 createStepNane='Single Pass Rolling'. wariables=({'RT' H')
176 nunlnterval=s=100, region=regiconDef, sEct1DnPD1nts DEFAULT
177 rebar=EXCLUDE)
178 a = mdb.models[ 'Hodel-1'] rootissembly
179 region=a.=zet=s[ 'plate’]

Puc. 25 Onpenenenue BpeMeHU aHAJIN3A.
VYrioBasi CKOpOCTh BpallleHus Bajluka — 00beKT ¢ uMeHem Omega, KOTOpbIi

HeoOxoaumo niepenath Gynkmuu Steel rolling va Bxox (Puc. 26). M3menuTe 3HaueHUs
nepeMeHHbIX VI3 Ha Omega (vr3=0Omega), oTBedarolyto 3a CKOpocTh Baja, u Velocityl
na Omega*R (velocityl=Omega*R), oTBeuarolyo 3a CKOPOCTh CTAJbHOW IIMTHI B

HayvaJIbHBI MOMEHT BpPCMCHMU.
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[E] Abaqus PDE: c:/Temp/abaqus_job files/Abaqus_python/For_rolling_report/rolling_original.py [edited' —'—
1 File Edit Settings  Window Help
= - " in @ € @ =
[~ Mainfile: <Mo main file selected> E| Runin: 0 GUI © Kernel @ Local
D [3 @ Stopped [711gnore Breaks | Delay (ms): |0 £ __é
1 shaqus *
2 sbaqusConstants *
3 __main__
4
5
[ Steel_rolling(L. H. R. NameMaterial. h, mu. an_time., Onega):
7 =eCLlun
g regionToolset
9 di=playGroupHdbToolset damiu
10 part
216 a = mdb.models['Model-1']. roothssenbly
217 remicm = A setsl'eefPET
218 ndb.models[ Model-1'].Veloci tyBi(name= rotateRoll',
219 createSteplame='Single Fass Rolling'. region=region, wl=UNSET.
220 w2=UNSET, wri-Omega, amplitude=UNSET, localCsys=Hone.
221 distributionType-UNIFORK, fieldHame=''}
222 session . vievports([ 'Vievport: 1'].assemblyDisplay.setValues(step='Initial')
223 a = mdb models[ 'Hodel-1']. rootAssembly
224 region = a.sets['plate’]
225 ndb models[ 'Hodel-1'] . ¥elocity({name='1nitVel', region=region, field='".
226 distributionType=MAGHITUDE, velocityl=Omega*R. welocity2=0.0
5o cmega=n 0 —
228 SEmELON . W IBWPOE LS 4 LEWIOEL . L ] PeELUISPdy =L Y d L U | SE0 L LU ASE TYEIE L L —EE
229 enginesringFeature=s=0FF, mesh=0N)
230 szession vievports[ 'Vievport: 1'] partDisplay meshOptions setValues(

Puc. 26 Onpenenenue yriioBoil CKOPOCTH BaJMKa M HAYAJIbHON CKOPOCTH TUTHTEHI.
3HaueHHne HepeMeHHOﬁ seedsize OTBCYACT 34 pa3MCp KOHCYHBIX J3JICMCHTOB, Ha

KOTOpBIC pa3OMBaeTCs CTallbHas muiacTuHa. [lepenaiite o0bekt seedsize B pynkuuro. 1
U3MCHUTE 3HAYCHHE MapaMeTpa SiZe, B BBIJACIICHHOM Ha PHUCYHKe 27 ydacTKe Koja Ha

size=seedsize.

[Z] Abaqus PDE: c;/Temp/abaqus_job_files/Abaqus_python/For_rolling_report/rolling_original.py [editad]' T
J File Edit Settings Window Help
= ) N P F @ =
[—F Mainfile: | <No main file selected> E| Runin: © GUI ©) Kernel @ Local
D [3 E @ Stopped []Ignore Breaks | Delay (ms): |0 £ :Eb
1 abaqus *
2 abagqusConstants *
3 __main__
4
5
-] Stesl_rolling(L. H. R, NameMaterial. h, mu. an_time. Cmega. seedsize)
7 =eUliun
a8 regionToolset
el displayGroupidbToolset dam
10 part
237 elenType? = mesh ElenTypei{elenCode=CPE3, elemlibrary=EXFLICIT)
238 p = mdb models[ 'Hodel-1'] . parts['plate’]
239 f - p.faces
240 faces = f.getSeguenceFromMask(mask={'[#1 1', ).
241 pickedRegions =(faces,
242 p.setElenentType(regions=pickedRegions, elenTypes=(elenTypel, elenType2))
243 m = mdh medslel tHod=] 101 raskel folaiel s
244 p.=eedPart (size=seedsize deviationFactor=0.1. minSizeFactor=0.1}
245 B WAL mMOUSTa | nousl-L | pales| plale ]
246 p.generatelesh()
247 p = mndb models[ 'Hodel-1'] parts['Roller']
248 session. wiewports[ 'Viewport: 1'].setValues{displayedObject=p)
249 p = mdb mnodels[ 'Hodel-1']1 parts['plate’]
250 session. wiewports[ 'Viewport: 1'].setValues{displayedObject=p)
2C1 a = mdb models[ 'Hodel-1'] rootissenbly
252 a.regenerate()

Puc. 27 Onpenenenue pasmepa KOHEUHBIX 3JIEMEHTOB.

[TpoBepbTe oTcTymBI B daitie u coxpanute daiin (File -> Save).
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= WN3meputenbHoe obopyaoBaHue

Co3nanue rpadpuueckoro okHa B RSG Dialog Builder.
Plu-ins-> Abaqus -> RSG Dialog Builder.

Bo Bkmanke GUI B rpade Dialog Box Title BBegure Rolling. C nmomomrsio
uHCcTpyMeHTa Horizontal Frame cosnaiite ropu3oHTaIbHYIO TPyIy 00beKTOB. BhIieuB
Horizontal Frame nmBaxkmsl co3maiiTe BepTHKAIbHYIO TPYIINY OOBEKTOB, HCIOJB3YS

uHctpyMeHT Vertical Frame, Tak kak mokasaHo Ha puc. 28.

Plug-ins Help W7 GUI | Kernel
i Toolboxes 3 %!T"’g g‘"I i 1 2 Cj U /|\ \I/ « = ’V
=4 E B8 Rolling
55 . GUI Example... — [ Horizontal Frame|
Steel_rolling_plate Kernel Example...
E Tools L3 R5G Dialog Builder... D e
About Plug-ins... Upgrade Scripts... e gremm
— - ; Horizontal Frame: An invisible frame
~ displayed in a horizontal layout
GUI | Kernel T
" T & = Dialog Box I T 1
0] L] r < € 7 GUI | Kemel
3 g | O T [ I
[¥] Include separator above OK/Cancel buttons al
P -
D £20E Include Apply button: Apply
o= OK button tet: | OK
A H | Color widgets by layout manager
; Vertical Frame: An invisible frame
V| Show dialeg in test mode
— = 9 around a group of widgets that are
. displayed i rtical layout
- Show Dialog . ‘|sp ayed in a vertical layo
RN GUI | Kemel
Fora o n TVveEDe
= B .:g B [ Relling
Cnrm =) 222F Horizontal Frame
= :
—_— 106 i} Vertical Frame

Puc. 28 NUnrepdeiic RSG Dialog Builder.
Breinenus  mepewiid  Vertical Frame, cosmaiite Group BoOX, ¢ mnomolibo

oaHOMMeHHOrO MHCTpyMeHTa. B rpade Title BBenure Geometry (Puc. 29).

BeinenuB o0bekT Geometry cosmaliTe 4eThlpe TEKCTOBBIX TOJS IS BBOJA
ucnonib3ys uactpymeHT Text Field.

Otpenaktupyiite mepBoe TekcroBoe moje. Text: Length (m): ; Type: Float;
keyword: L ; Default: 0.092.

Bce usmenenus, npoussoaumeie B Really Simple GUI Dialog Builder moxHo
OTCJIC)KUBATh HETMOCPEJCTBEHHO B HEOOJBIIOM OKOIIKE, KOTOPOE TOSBISCTCS

aBToMatruecku (Puc. 29).
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BTopoe TekcToBOE OKHO OTBEYAET 3a BBOJ| TOJIIMHBI cTanbHOro Jncta (Puc. 30).
Text: Heightl (m): ; Type: Float; keyword: H ; Default: 0.02.

Tpetbe - 3a BBOJI TOJIITUHBI CTAIHLHOTO JIUCTA TOcie IpokaTku. Text: Height2 (m):
; Type: Float; keyword: h ; Default: 0.015.

YerBepToe - 3a pamuyc npokatHoro ponuka. Text: Radius (m): ; Type: Float;
keyword: R ; Default: 0.17.

JloGaBbTe pa3ienuTensb C MOMOIIBIO HHCTPYMEHTa Separator.

U coszmaiite Combo Box (Puc. 31). Type: Standard; Text: Material: ; Keyword:
NameMaterial; Default: Steell; Briopas Item usmenure Text: Steell, sropoii item ->
Text: Steel2, tperuii -> Text: Steel3.

Job6asum Group Box, Mesh. Beigenute Ilepsoiii Vertical Frame u Haxkmute Ha
Group Box. Hazosute ero Mesh. Mcnonb3yst “ctpenku” nepeHecute ero Huxe Group
Box, Geometry (Puc. 32). Co3naiiTe TeKCTOBOE 1ojie W OoTGopMaTHpyiTe ero. Text:
Element size (m): ; Type: Float; keyword: seedsize ; Default: 0.002.

Cosnaiite Group Box ¢ mmenem Experiment setup, nepemectuTe €ro moJ1 MOayJib
Mesh. BHyTpu JaHHOTO MOJYJIsl CO3JaiTe IBa TEKCTOBBIX MOJIS U OTPOPMATHPYHTE HX.
[TepBoe: Text: Angular velocity (rad/s): ; Type: Float; keyword: Omega ; Default:
6.28319. Bropoe: Text: Friction coefficient: ; Type: Float; keyword: mu ; Default:
0.4.

Cosnaiite Group Box ¢ umenem Analysis setup, mepeMecTuTe €ro moj MOayJb
Experiment setup (Puc. 29). Co3nmaiite ogHo TekctoBoe moje. Text: Analysis time: ;

Type: Float; keyword: an_time ; Default: 0.1.
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"6t Teme GUl | Kemal |
e ] 1 Group Box d 3 0 T L & = g Tetfdd
> g B Title: | Geometry ER - l=E) Tet:  [EERR
— - Layout - 'j"mm”:‘:mi Columns:| 121%
D 20008 Stretch widget to width of parent (] =[] Geometry =
g Stretch widget to height of it oo — [ Type  |Sting [r|
coT §. 1fthelayout settings aren't us o7 3 Vetical Frame Keyword: | keyword)L
Bo they may cbicure other widgets B o
Default:
A A B
mr = =
F & Text Field: A text entry field
that can be set to accept tex,
m ok integers, or floats
E ra Fra
=B F e
=t FE SN |
Puc. 29 Untepdeiic RSG Dialog Builder.
%+ Really Simple GUI Dialo 4= Really Simple GUI Dialo
GUI | Kernel GUT | Kernel
d U 1\ \l’ “ ,,/ Text Field d D T & List Item
@ E Relling Text: Hightl: @ E Rolling Text: | Steel3
I Horizontal Frame . . Horizontal Frame
10 Vertical Frame Columns:| 12 - 91} Vertical Frame
T res 1
=[] Geometry Type: Float B [_—I e =[] Geometry
1 Length (m)... 3 = [ Length (m)...
— Keyword: |H s 7 Hightl:
[ Height: B [j I Height2:
™ Radius (m)... Default: | 0.02 [ Radius (m)...
i Vertical Frame | A H — Separatar 2= Ralling &J‘
g A = ra Material:
3 Rolling &] - = = Steell Geometry
Geometry = Steel2 Length (m): |0.092
¥V & Steel?
Length (m): | JIER = Hight1: 0.02
m % :.: Vertical Frame
Hightl: |0.02 Height2: | 0,015
Height2: |0.015 E r= Radius (m): [017
Radius (m): 0.17
F @ Material: | Steell H
=i M Steell
. OK |Steel2
< n A =

Puc. 30 Coznanue momymnst Geometry.

Puc. 31 Co3nanue moayns Material.

Jlo6aBrM MOSICHSIIONIYI0 KapTHHKY K JaHHOU 3amade. Beioepere BTopoii Vertical

Frame u co3naiite ICON ¢ MOMOIIBIO OTHOMMEHHOTO HHCTpYMEHTA. B mosiBUBIIIEMCSI OKHE

VKOKUATE TMONHBIA MyTh K M300pakeHHI0. B pesynbpTate amanoroBoe OKHO Oyner

BBITJISAJIETh, KaK MMOKa3aHO Ha PUCYHKE 34.

OObeauHUM co3aHHy0 HaMu Python ¢yHKIuIo ¢ rpaduueckoil 000JI0UKOM.

[Mepen sTum B paboucii AupekToprn co3aaiire konuto daiina rolling.py, 4rodsr n36exaTh

ero norepu. Ilepeitnute Bo Brimanaky Kernel (Puc. 35). B okne Module: BriGepete

unctpyment Load a kernel module file from the File Selection dialog u BeIOEpeTe

¢yukmmto rolling.py. B rpade Function: BeiGepere co3maHHyr0 HaMu (GYHKIIHIO

Steel_rolling.
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TeGHC,

[lepetinure oOpatHo Bo Bkiaaky GUI u coxpaHute maruH C IOMOIIBIO

uHCTpyMeHTa Save your dialog box as a plug-in.

B kaderce Directory name u Menu button name seemmre Steel rolling
(Puc. 36 cneBa). BriOepere MecTo A COXpaHeHHUs IUlarMHa B mojayie Location. B
HarnieMm cirydae 3o Home directory u Haxkmure OK. ITocite gero, Abaqus mokaxeT MecTo,
KyJa OBUTM COXpaHEHBI JAaHHBIE CO3JIaHHOTO IUIATMHA W TOMPOCHT TIEPe3aryCTHUTh
POrpaMMy, JUIsl TOTO YTOOBI BOCITOJIB30BAThCS CO3JJaHHBIM TUTATHHOM.

[Tepe3anmyctute Abaqus. 3anmycturte co3mannbiil maruH. Plug-ins -> Steel _rolling
(Puc. 36 cnpasa). [TonTBepauTe BBO NapamMeTpoB HaxxatueM kiaBui OK u yoenurech
B TOM, YTO MOJe/Ib Oblla CO3JlaHa M OTMpaBiicHa Ha pacuéT. [Ipu BO3HUKHOBEHUH
omunOku, Abaqus ykaxeT Ha HOMEp CTpPOKM B (aiijic Koja, KOTOPYI HEOOXO0IUMO

HCIIPABUTD.

2= Really Simple GUI Dialo

0% Steps (1)

4=

ﬁl

Puc. 32 Coznanue momymst
Mesh.

2 Really Simple GUI Dislog Builder
GUI | Kernel m—|
e Kemel
N Text Field .
© 0 € ¥ 2 &« & Tefield 2% Rolli
= g | R Tet: | Element size (m): © 0 | — NS
© Honzontal Frame =2 @ et o Tet | Analysistime Geometry
“t Vertical Frame Columns: | 125 I3 Horizontal Frame col Ty Length (m): | JIER
[ 2| 203 Geomet 3 [} Vertical Frame olumns: =
Ty Type  |Float 7] [ B[] Geomes Hightl: 0.02
- ™ Length (m).. eometry Type Float |¥] )
i 1 hightt: Keyword: | seedsize - ™ Length (m).. Height2: | 0.015
= @ ™ Height2: - I Hightl: Keyword: |an_time Radius (m}: |017
I Radius (m... Default: (0,002 i )] I Height2:
A B — Separator . [ Radius (m)... Default: 0.1 Material: | Steell []
5= Materiak 2 Rolling [ A B — Separater i
= = steell B ra Materiah | Mesh
= Steel2 Geomely =4 = Element size [m): |0.002
Fo® = steel Length (m): | TEE F= Steel2 2
. -
m L || PO Meh Hightl: [0.02 F= steei3 Experiment setup
., O I - m | PO Men Angular vel d/s): |6.28319
[F r= | [ vertical Frame Height2: |0.015 — Element si... ngular velocity (rad/s): |6.
Radius (m): 017 FE ra| 200 Epeiment. Friction coefficient: 0.4
F#= ™ Angular ve..
LirE Material: | Steell [v] = I Friction c... Analysis setup
LirE B[] Analysis s... B Analysis time: | 0.1
| | = [
Element size (m): |0.002 — = e

Puc. 33 Coznanne momyns Analysis time.
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VHXeHepHbIN KOHCANTUHI

MporpammHoe obecnevyeHue
CoBpeMeHHbIe TEXHOOMM - B MPOMbILLIIEHHOCTb
) BbluncnuTensHas TeXHUKa
== N3mepuTensHoe obopyaosaHue

2 Ralling [
Geometry

Length (m): [JiEE

Hight1: |0.02 Radius

Height2: [0.015 .
= N Angular velocity

Radius (m): [0.17
\\\\ ~__

Material: | Steell [+] \

Mesh M
Element size (m): | 0.002 g

Experiment setup
Angular velocity (rad/s): 628319

Friction coefficient: | 0.4

Analysis setup

Analysis time: 0.1

L)

Puc. 34 OxHo co3anHOTO rpadUuecKoro mojab30BaTeNbCKOro nHTepdeiica.

a5 Really Simple GUI Di

Kernel
Module: | rolling_plug U S

Function: Steel_rolling

from abagus import =
from abagqusConstants inport *
import _ main_

[ | »

def Steel_rolling{L., H, E. HamseMaterial. h. nu. an_time., Omneg
import section
inport regionToolset
import displayGroupddbToolset as dgm
import part
import material
import assembly
inport step
import interaction
import load
import mesh
import optimization
import job
import sketch
import wvisualization
import =yPlot
import displayGroupddbToolset as dgo
import connectorBehavior

session. viewports[ 'Viewport: 1'] partDisplay.setValues{ne

=es=zion. viewport=[ 'Viewport: 1'] partDisplay meshOptions
neshTechnigue=0FF)

4] [ | 3

Puc. 35 Briaaka Kernel. RSG Dialog Builder.
"% Save Plug-in i =
S Plug-ins Help &7 = [=] [
@ |RSG plug-in ) Standard plug-in 0 i Toolboxes b !xﬂf gl] :k 123 4 A @ @ @ o
amas Il : Abaqus » ~ . x . =
y | - LNAIRBEEBAd C «EEL

Directory name: | Steel_rolling | 55
Menu button name: | Steel_rolling Steel_mlling
- Steel_rolling_plate : =
Location F - 9-p | - Model-1 E| Part: | E|
Tools 3

@ Home directory (D) Current directory

[ Cancel ]

About Plug-ins...

Puc. 36 COXpaHeHI/IC IJ1aruHa 1 €ro nocjacayromec uCroJib30BaHuC.
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- MporpammHoe obecneyeHune
VHXeHepHbIN KOHCANTUHI
- CoBpeMeHHbIE TEXHOIOMUN - B MPOMBbILLIIEHHOCTb
) BbluncnuTtenbHas TexHuka

WN3meputenbHoe obopyaoBaHue

3akir0uenue:

B nanHom mocobun paccMOTpeH Mpolecc co3laHus rpaduueckoro nutepdeiica
moJib3oBaresisi B mporpaMMmHoM Komiutekce SIMULIA Abaqus. JlaHHBIH T0JX01
ABJISIETCS] YHUBEPCAIBHBIM U IMO3BOJISIET CO3/]aBaTh MHTEPAKTUBHbBIE 000I0UYKH JUTs 3a7a4
000l cnokHoctu. Jlns  OGomee rTimyOokoro moHmManus Python  wHCTpyKImid,
pekomenyeM odpatuthes k Abaqus Scripting User’s Guide. Mcnons3oBanue Python B
WH)XCHEPHBIX 33/1ayaX MOJXKET CYIIECTBEHHO COKpPaTHTh BpeMsl aHaju3a IyTEM
aBTOMATH3AIMHA PYTUHHBIX OTEpaIlnii, YMEHBIIUTh BEPOSITHOCTh COBEPIICHUS OLINOOK
M10JIb30BATEJIEM U BBIIOJIHATH ONTUMHU3ALUIO.

Python — cB0oOOMHBIN O0BEKTHO-OPUECHTHPOBAHHBINA SI3BIK MPOTPAMMHUPOBAHHS
unterpupoBanubii B SIMULIA Abaqus. Ha odurmansHoMm caiite python.org moxHO
HaWTH HCYEPIIbIBAIOIIEE OMMCAHUE S3bIKA, TOKYMEHTALMIO U ipuMepbl. CyIIecTBYET B

BepcuH s3bika Python 2.x u Python 3.x, Abaqus paGoraeT ¢ Bepcueii 2.
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