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KDY POQUZIT
ABAQUS/EXPLICIT?

Rychle, dynamicke deje
Velke deformace, slozitée kontakty
Konvergencni problemy

SUMMARY OF JOB INFORMATION:

STEF INC ATT SEVERE EQUIL TOTAL TOTAL

' DISCON ITERS ITERS TIME/
ITERS FREQ

1 1 1 B 2 2 1l.@@
2 1 1u B 1 1 1.808
2 1 2U B 1 1 1.@8
2 1 3u B 1 1 1.8@
2 1 4u B 1 1 1.88
2 1 su B 1 1 1.8@

THE ANALYSIS HAS WOT BEEN COMPLETED

\

A W

777

STEP
TIME/LPF

1.608
B.00
B.680
B.60
B.608
B.60

INC OF
TIME/LPF

l.088
l1.008
B.2508
0.06250
B.81562
0.0083906
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MOMITOR RIKS



KDY POUZIT
ABAQUS/STANDARD?

Chci ustaleny stav modelu
Zasumene vysledky v Explicitu
Dlouha doba simulace Explicitu
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VARIANTA 1: ZMENA STEPU @) s 5/41

/mena stepu Standard - Explicit nebo Explicit - Standard

*STEP, NLGEOM, UNSYMM=NO, INC=108800 *STEP

*STATIC “ *DYNAMIC ,EXPLICIT

1, 1.8, 1.8e-18, , -B0B36
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PPPPPP

Import analyza (Standard - Explicit, Explicit - Standard, Standard -
Standard, Explicit - Explicit)

*IMPORT, STATE=YES, UPDATE=NO
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VARIANTA 3: MAPOVANI a1

FPUBLIC

Zdeformovana sit’ - nova analyza s mapovanim predchozich vysledku

*#x% Adjust coordinates by distribution "Distri-update-coord”
b

»#xx [Jse distribution to adjust nodal position

*ADJUST, NODE SET=Set-1, DISTRIBUTION=Distri-update-coord

oo

«#x% Note that the distribution below has to quoted by *adjust to take effect

oo

*DISTRIBUTION, MWAME=Distri-update-coord, TABLE=DT-adjust-coord, LOCATION=node
., 8., 8., 0.
xxk xexternal field to map a dissimilar mesh displacement for the adjustment

*EXTERNAL FIELD, FILE=j-beam—-twist-coarse.sim, STEP=1

** 15t 3 data related to the currnt model: NODES or ELEMENTS, region (required), target variable
*#% JInd 3 data related to the source SIM model: NODES or ELEMENTS, region, variable

NODES, 5et-1, U, NODES, , U
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- Newton-Raphson algoritmus 2 _
- Nelinearni statika ar
" o | [2]% | '; N
+ nepodmineéne stabilni, rychly pri konvergenci l l
- nutnost iterovat l Ly,

Displacement
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TROCHA TEORIE IDIADA
ABAQUS/ STANDARD o
- Newton-Raphson algoritmus 2 G
- Nelinearni statika o N \
" o | [2]% | '; N
+ nepodmineéne stabilni, rychly pri konvergenci l l
- nutnost iterovat l ST N

Displacement
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ABAQUS/EXPLICIT e /41

Metoda centralni diference Ar L°
Maly stabilni krok At (~1E-6) ¢y

+ robustni pri velkych nelinearitach
- velmi maly casovy inkrement, nutno peclive kontrolovat vysledky

P—I=M-u
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SiT A CASOVY KROK S e 14741

Implicit bez omezeni L¢ p
Explicit: Cq E
—- At zavisi na velikosti elementu
- Jemna sit’ - maly At - dlouhy vypocet

-V Explicitu redukovana integrace (C3D8R, S4R)

~ *SECTION CONTROLS, Hourglass = ENHANCED/RELAX STIFFNESS

Elasticky material Plasticky material
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MATERIALOVE MODELY @ e 15/41

- Implicit
- Poskozeni, odstraneni elementd = ztrata silové rovnovdhy — zmeknuti
*SECTION CONTROLS, ELEMENT DELETION, MAX DEGRADATION

- Univerzalni
- Elastické, elastoplasticke, viskoelastoplastickée modely

- Specificke modely nepodporovane (beton, fabric, ...)



VARIANTA 1
KONTAKT

General contact podporovan v Standard i Explicit
Standard:

*CONTACT v model data
Modifikace v ramci history data

*SURFACE BEHAVIOR,

o Penalty
o Augmented Lagrange
o Direct

Explicit:

*CONTACT v model nebo history data
*SURFACE BEHAVIOR

Standard

#CONTACT

#*CONTACT INCLUSIONS
surf_1,

#*CONTACT EXCLUSIONS
surf_a, surf_b
*STEP

#*STATIC

1, 1.6, 1.8e-108,
#*CONTACT, OP=MOD
*CONTACT INCLUSIONS
surf_2, surf_3
#*CONTACT EXCLUSIONS
surf_a, surf_c

*END STEP

Arplus®

IDIADA
PUBLIC 16/41
Explicit
*5STEP
#*5TATIC
1, 1.8, 1.8e-18,
*=CONTACT

*CONTACT INCLUSIONS
surf_1, surf_3
#*CONTACT EXCLUSIONS
surf_b, surf_c

*END STEP
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STEP @ me  17/41

Standard default hodnoty
- NLGEOM=NQO, INC=100

Explicit default hodnoty
- NLGEOM=YES (kromé *IMPORT)

*STEP, NLGEOM=NO, UNSYMM=NO, INC=108 *STEP, NLGEOM=YES
®*S5TATIC *DYNAMIC, EXPLICIT

1, 1, 1E-5, 1| [ e.e1 |
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CAS A MASS SCALING V EXPLICITU e 18/41

- Fyzikalni ¢as vs. ¢as simulace
-~ 1sekunda s krokem 1E-6s =1 000 000 inkrementu

- Mass scaling I —
- Umeélé zvyseni hmotnosti

— Zvyseni At

- Nutné kontrolovat vliv na vysledky

Velocity 25 m/s:

° RUCthSt ZGtééOVénll Good global result
- Prilis rychle zatezovani - nezadouci efekty

Jetting

Tool speed = 10 m/s Tool speed = 500 m/s
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/ATIZEN| A BC e 19741

Standard: default Ramp amplituda

Explicit:
Default Step amplituda -» vhodné definovat vlastni
Rychlost zatézovani max 1 % rychlosti zvuku v materialu (kovoveé materialy SO00 m/s)

Ramp Step

Amplitude
Amplitude

Time

¢ 1 0-—
- I

@, &, 1E-5, 1
=BOUNDARY , TYPE=DISPLACEMENT, AMP=AMP_SMOOTH
12, 2, 2, 2.5 }
0 1.0E-5
time

amplitu

2.0E-5
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VYSLEDKY e 20/41

- Pozor na aliasing:

—~ Spravne vzorkovani — alespon 2x f pro zajisteni 95% presnosti 10x f_ .,

max’

~ Filtrovani v solveru/filtrovani v postprocessoru
_ Skoleni Abaqus/Explicit: Advanced Topics

———  Onginal sine wave
a—a 1.1 kHz sample rate

2.0 ' ®«««® 30kHzsample rate
Time (ms)

Amplitude
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Standard

VARIANTA T

PRIKLAD

Explicit

*AMPLITUDE, DEFINITION=SMOOTH STEP, NAME=SMOOTH
0, 0, 0.0036, 1

*STEP, NAME=PUNCH, NLGEOM=YES, INC=10000
*STATIC
0.1,1,1E-5,1

*BOUNDARY
RP, 3, 3, -0.036

*END STEP

*STEP, NAME=PUNCH
*DYNAMIC, EXPLICIT
, 0.0036

*BOUNDARY, AMPLITUDE=SMOOTH
RP, 3, 3, -0.036

*END STEP

*STEP, NAME=SPRINGBACK, NLGEOM=YES, INC=10000
*STATIC
0.1,1,1E-5,1

*CONTACT, OP=MOD
*CONTACT EXCLUSIONS

*BOUNDARY, OP=NEW
B1, YSYMM

*STEP, NAME=SPRINGBACK
*DYNAMIC, EXPLICIT

,0.2

*DSLOAD

BLANK, VP, 3.7ES

*CONTACT, OP=MOD
*CONTACT EXCLUSIONS

*BOUNDARY, OP=NEW
B1, YSYMM

Arplus®

IDIADA
@ PUBLIC 22/41
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time 18 sec

3h 41 min
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Explicit
45 min

Springback
Wallclock
time

VARIANTA 1
PRIKLAD

Standard
2 min
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VARIANTA 2: IMPORT ANALYZA IDIADA

WORKFLOW 26/41

Prevod deformovane sité a aktualniho stavu mezi Abaqus simulacemi

Explicit Standard

Standarad Explicit

Explicit

Explicit

Standard Standard




VARIANTA 2: IMPORT ANALYZA i

PRIKLADY POUZITI @) roe  27/41

Explicit - Standard Explicit - Explicit

fa
L """"|T5°i Wi L

blank holder L punch ) & Sals
: / . Blank after forming (Abaqus/Explicit)

-

3 i s mm

T B e

Die ! Die
|

52 MM—w]

Initial assembly for forming process

Initial mouse drop

Standard — Explicit

| Import >
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VARIANTA Z2: IMPORT ANALYZA IDIADA

OMEZENI

@} PUBLIC 28/41

Lze importovat Treba znovu definovat Nelze importovat

Stav materialu (S, PEEQ)
Pozice uzld (U)
Elementy, ELSET

Uzly, NSET

Surface definice
Teplota, field variable

Connector elementy

Okrajoveé podminky
Zatizeni

Definice kontaktu
Output requesty
Nodal transformation

Amplitudy

Analytical rigid

Mesh independent fasteners
*Dashpot, *Spring

*Mass, *Rotary intertia
Infinite elementy

Coupling

Nekteré materialy
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DEFINICE e 29/41
o s
Puvodni Import
Abaqus/Standard analysis:
Abaqus/Explicit analysis:
*HEADING
*IMPORT, STEP=step, INTERVAL=interval, |STATE=YES, UPDATE=NO
I*HEADING Data lines to specify element sets to be imported
. *IMPORT ELSET
*MATERIAL, [NAME=matl Data lines to specify element set definitions to be imported
*IMPORT NSET
*ELASTIC Data lines to specify node set definitions to be imported
Data lines to define linear elasticity *IMPORT SURFACE
*PLASTIC Data lines to specify surface definitions to be imported
Data lines to define Mises plasticity o ' + '
#*% Optionally redefine the material block
*DENSITY »
Data line to define the density of the material *MATERIAL,| NAME=mat1
- *ELASTIC
*BOUNDARY Data lines to redefine linear elasticity
*PLASTIC
Data lines to define boundary conditions Data lines to redefine Mises plasticity
*STEP .
*DYNAMIC, EXPLICIT *BOUNDARY
; Data lines to redefine boundary conditions
s *STEP, NLGEOM=YES
*RESTART, WRITE, NUMBER INTERVAL=n *STATIC
*END STEP e

*END STEP
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UPDATE, STATE @) rumic 30/41

*IMPORT, UPDATE=NO, STATE=YES

—~ Pokracuje v predchozi simulaci

- Nova referencni konfigurace, plvodni stav materialu (U # 0, S # O)
“IMPORT, UPDATE=YES, STATE=YES

- Napeéti na noveé geometrii bez deformaci (U =0, S # 0)

“IMPORT, UPDATE=YES, STATE=NO

- Zdeformovana geometrie bez napjatosti
- ,Vysitovano ve zdeformovaném stavu” (U =0, S = 0)

“IMPORT, UPDATE=NO, STATE=NO

-~ V modelu jsou deformace, ale zddna napéti
- Divné (U 20, S =0)



Arplus®

VARIANTA 2: IMPORT ANALYZA IDIADA

PRIKLAD wene 31/41

Zachovej materialovy stav

\ Ponechej refelreném' konfiguraci

=IMPORT, STATE=YES, UPDATE=NO, step=1
ELANK

*STEP, inc=100006
=static

.1,1,1e-7,

=BOUNDARY

B1l,YSYMM

Bd , XSYMM

*BOUNDARY , type=velocity
ggeel,3,3,0

=END STEP
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PRIKLAD e 32/41

Explicit — lisovani Standard — springback

Wallclock
18 sec time 10 sec
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VARIANTA 3: MAPOVANI IDIADA
PriNCIP POUZITE 34/41
Vychozi, C3D8R, Po zatizeni

omm I
Vychozi, DC3D10, Vychozi, DC3D8,
2mm 2mm
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DEFINICE NOVE ULOHY 35,41

PPPPPP

*ADJUST, node set=NALL, distribution=Dist-name
*DISTRIBUTION, name=Dist-name, table= , location=node
*EXTERNAL FIELD, file=deepdrawbox.sim, STEP=2

*DISTRIBUTION TABLE, name=

*ADJUST, node set=NALL, distribution=Distri-update-coord
*DISTRIBUTION, name=Distri-update-coord, table=DT-adjust-coord, location=node

., 0., 0., 0.
*EXTERNAL FIELD, file=deepdrawbox_explicit.sim, STEP=2
NODES, NALL, |, NODES, , U

*DISTRIBUTION TAELE, name=DT-adjust-coord
DISP3D,
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DEFINICE NOVE ULQHY S e 36/41

*ADJUST, node set=NALL, distribution=Dist-name
- Definuje posuv uzld podle zadané *DISTRIBUTION
*DISTRIBUTION, name=Dist-name, table=DT-adjust, location=node
- Definuje distribuci uzl¥ v prostoru podle *EXTERNAL FIELD
*EXTERNAL FIELD, file=deepdrawbox.sim, STEP=2
- Urcuje, na které entity se bude vztahovat *DISTRIBUTION a jakym zptsobem

*DISTRIBUTION TABLE, name=DT-adjust
~ Urcuje format data line v *DISTRIBUTION
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JAK ZISKAT .5IM @ rme  37/41

Jiz mam .ODB:
— abaqus odbZ2sim odb=0DB_name sim=SIM_name

Jeste nemam .ODB:
~ abaqus job=job_name resultsformat=sim|both
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TIPY NA ZAVER DiABA

@) rumc 39/41

Kontrola energii v modelu — musi davat smysl a byt vysvetlitelné
V Explicitu S4R, C3D8R, pripadné C3D8I

*SECTION CONTROLS, HOURGLASS = EN%NCED/RELAX S{FNESS

Elasticky material Libovolny material
Konzistentni s A/Standard

Kazdy uzel potrebuje hmotnost — *MASS v fidicich uzlech 1D elementd
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