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» Abaqus/StandardfllAbaqus/Explicit 4 Fi /' $2 43t Pﬁﬁﬁ?l\ﬁ’]éﬂﬁi,w
« Abaqus/Standard fRIZljg: ‘
o — o TR
o BAS IR )RS KT
o FRICHRM .
o ZEAADE CREBAPENGAZREIBIE) i Articulation of an
o« BRASEN 2R AR AT automotive boot seal
o BESEFRS VR ST
o BESEFRS Y BT
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Harmonic
excitation of a tire
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+ Abaqus/StandardFf1Abaqus/Explicit I H8

Abaqus/Standard Abaqus/Explicit
- EHRA RO — EA A RTEF
o JEZRME R R EEAEAR o RIRT T LA
— AWM, PTRSRMEIE - & TRM S EAES S E 3%
V14 7 A S48 i) i
— REEZ I AT A F R W E N DR - A TS
o RS in) o BORE
o FEBEERG I I & - EEMAE
« CEL
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SIMULIA -] Search Tips:

Introduction to Abaqus/Standard and Abaqus/Explicit

Dassault Systémes, 2008

Modeling and Visualization
Abagus/CAE User's Manual

Analysis
Abanus Analysis User's hanual

Examples
Abagus Example Problems Manual
Abanus Benchmarks banual

Tutorials
Getling Started with Abagus: Interactive Edition
Getting Started with Abagus: Keywords Editian

Information
Using Abagus Online Docurmentation

Installation and Licensing
Abanus Installation and Licensing Guide

Reference
Abagus Keywards Reference Manual
Abagus Theory Manual
Abagus Verification Manual
Abaqus User Subroutines Reference Manual
Abaqus Glossary

Programming
Abagus Scripting User's Manual
Abaqus Seripting Reference Manual
Abagus GUI Toolkit User's Manual
Abagus GUI Toolkit Reference Manual

Interfaces

Abagus Interface for MGC ADAMS User's Manual
Abagus Interface for Moldflow User's Manual

Version 6.8 Update Information
Abaqus Release Motes
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- HinmsEREs
o AbaqusZIEFt Ay
o (AT
« AbaqusHRAERAEL
o (AN L= KA IEHA4L)
« AREBREEZ IR (UFITHRAE)
NEES)
» Getting Started with Abaqus: Interactive Edition
+ Getting Started with Abaqus: Keywords Edition (R #E£E i A)
o BWirFM
o (BAFGUIT AT
+ SIMULIAER

www.simulia.com
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Components of an Abaqus Model DSIMULM
* Model data
ENCASTRE pin dof 2 fixed \Ji

Fixed constraints

Vo

Initial conditions
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o ST HREE R R 73 A TS BB SR B

« RIPEAREIL, TT B HT DTRRE — B A4 AT ¥
o R4 560 S R AT — BIA, ShAS 50T il s b 25
S D s C S BA T

- General steps(iti FH 7> BT ) & SCHI 2 — AN E— T o A i 2

o {— MBI A AIRE A JF — AN E AT I AIa IR .
I8 70 B 20 5 I REAH 2R

« Linear perturbation steps(Z& P21 T 20) b “BERRES” B4l 1
E’J’lfo VRS, i BEAPIRES 2 BT iR i general step(aE H 21 42)

Ny Hr 4 FilLinear perturbation steps /&% 5 & /)

Dassault Systémes, 2008

7S
* AbaqusfiizLL Za
« Bl 5 AETE
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Step 3 = natural
frequency extraction
Step 1 = pretension Step 2 = pull back Step 4 = dynamic release

Step 1: 5 2 ZEM TR

Step 2: 5% )5

Step 3: Linear perturbation step(Zk 14530 43§t 25) $ HUR 45 [l 45 5 26—} fa 2452 3 bt
S R

Step 4: B &
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Abaqusii \ SCHI4H T ps%aw.m

* ARE R ERE R

 FERTIEHERY X T A HOBAR, SR T B U BT, e Y
N TCE AR, RIS, IR Bl TR

Node option Property reference
block option block
Model Material option Element option Boundary conditions
data block block option block

Contact option Initial conditions
block option block

History
data

Analysis procedure
option block

Loading option block

Output request
option block

© Dassault Systémes, 2008

15



Abaqusit \ S FI4H T

o AN IR P L4 74T ( keyword line) TRk CE—ANFRENY)

%

SIMULIA

o WERFE, 17 (Data lines) ¥ FRYE K F1T (keyword line)Z Ji&5 -
o WRATUIFL, WTDAUBTESURE LR AL E .

A AT KR 1 7E256 A7 4F

PA

o RRAWBIEBONFHT A, HASZILAF R ko 40 R i ) A8 844 At B i

* nodes_at_the_top_of_the_block_next_to_the gasket

Abaqusi \ ST 40

- AT

o AR RXEETE L, R
R IET 4 o
o TTLM A T AT R TT i
SHUBENME, ST
SHRTF

« BT R e

DL SR

1775
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*MATERIAL, NAME=material name

I

keyword parameter parameter value

FORRE T SR (K 55— AT
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- HoRAT
o R EIRTE U BAE: I N7
i, HITE L. *ELEMENT, TYPE=B21 —— X7/

560, 101, 102
564, 102, 103| ~—— ¥difr
572, 103, 104

o flan. PR kL

o ;AT LLRI P T T I
¥, @iteE sk L e cormmmane
B A B o
R T -

W\
B T [,
7z

AL y (Q i

Abaqus#i A SCAF 4 SIMULIA

TR e YT #0 *ELASTIC, TYPE=ISOTROPIC —— X+l |
PR R {28 7R 200.0E4, 0.3, 20.0 St
PR M 150.0E3, 0.35, 400.0
. | .
REE
I H
W A
Young's Poisson's
modulus, E ratio, v

Temperature, T
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Abaqusii \ I T ps—gquu/l

o A EHEEHR R

« E TR 4R TSR (Model Data), B4R THRAHE N

(History Data), WA Fift.

o ERRAIHHE (model data) B 5 A5 E (history data) N 5, S IREEE B 1 I+
AL B RN, BRULF LD EI S

o ot
—+*HEADING U AUBHEHAR SIS 1T
—+ELASTIC, *DENSITY#I *PLASTIC/&*MATERIAL %
R, BT EEIRAE«MATERIALEE L G . T REIREA H
O4TE%,
—*STATIC, *DYNAMICHI*FREQUENCY WAZiifE «STEPH I
5, F T8 E M 0 SR 4 M 2

temes, 2008

55
A v (Q AN
Abaqusiit A\ SCAEI 40 = il
e _
- WEEMETT
RABEE  pr s -
- ATAMINE *NODE, NSE AR "4
XZ5l, 101, 0.345, 0.679, 0.223 E)%jglfsiﬂﬁ
H R
. RV REH 102, 0.331, 0.699, 0.234 101100, ..
HWAE, A
AN 51 : ‘ ‘
ﬂﬁ‘ﬂj@i%fnc *BOUNDARY, TYPE=DISPLACEMENT i} %5 FH 3
YSYMM i 1 - TOPNODES
e A 7 2

témes, 2008
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Abaqusii N\ SCAF R4 Uil
- BIF: HuE
N
« *ELEMENT, TYPE=B21, ELST
+560, 101, 102 — 7
-564, 102, 103 o seaTRosT L
« *BEAM SECTION, SECTION=PIPE, MATERIAL=STEEL,
SR T e 7 ) 24 7 4
SEATPOSTH I T #. 7t
7\_
Abaqusiit \ SCAE 40T camruiil

* MBS B

« Abaqus M 5 4 I EEE S (include file) i el 5 e R\ SCHE B BRI S
BHESCAEROR B — 3.

o 51 FEE S (include file) nT LLELE A SCIF AR ST A 28, B S thn] DL
— gl e RSt

o 5| FHECHE S A% Al A5 ELA s SO RS b R K — B
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Abaqusii \ I T ps}}WULIA

« Bldn: BASUHEE RAE S

*HEADING N
*INCLUDE, INPUT=node_and_ element_numbers.txt

o AR A node_and_element numbers. txt!

*NODE, NSET=TOPNODES

101, 0.345, 0.679, 0.223

102, 0.331, 0.699, 0.234
*ELEMENT, TYPE=B21, ELSET=SEATPOST
560, 101, 102

564, 102, 103

Abaqusii \ T34

/773

SIMULIA
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Abaqusii \ SR 51

. Bfr

* AbaqusFF3cA AR FE O HL AL R

s PREACES AL

o it
* N,kg,m,s
=,

* N, 10%kg, mm, s

etc.

Quantity sl 51 (mm) US Unit (ft) | US Unit (inch)
Length ] i ﬂ in
Force I I bt It
Mass kg tonne (10% kg) slug IbT 52 4in
Titme B B B B
Stress Pa (Nfm?) | MPa (Nfmm?) b2 psi {lbfin®
Energy J mJ {1073 4y fi Inf in Ibf
Density kgfm? tannedmem? slug/ft? Ibf 52 fin*

¥ 0 47 R

Introduction to Abaqus/Standard and Abaqus/Explicit
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Abaqus %t \ SCEFIG DSIMULM
- BFRKR

o XETHIGET AL B N \w’

o BRABKR RONE AR ILABER R .
o 0] LI FI*SYSTEME*NODE, SYSTEM=[RECTANGULAR |
CYLINDRICAL | SPHERICALJ{E & H B A br & .

o PN JRIFBARAR 22N T8 ST RAR bR S B AR B A AR AR R, T
LR B AL A 2 PR A N AS A 38T B30 1 o

\

2,

Abaqus i A {1 23
o SFT RERAT . WA VI
SRR \3’
o BRLCK T A AR TE L i L
BUCNE M R R Y%%Ml\]&ﬂﬁ:if??%{#
o {§i H*TRANSFORMIZ% i 4 IR,
*TRANSFORM

JEHE AR R

o TERAIFE M iR i, X ut
AEBR T [ ASE 25 4 R e
. »

- g AL TR
P SR S apl & A L1
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Abaqus i A\ A5
o KFMELET A (58RI E
AR SRR T D .
o SBR[
o SEMET L N g N AR S T
o BB T B AL,

KA TR EMA R IL
AARR AR

o ST B AR iR LAk

bRAR BRI B -
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PRI ENIN Ly

1 > projection of x-axis
T onto surface

z 2
A H
- i H
i Vsurface!
E - i normal }

X T e R T ER A K R 1)

NS

Abaqus it \ S

o {# F*ORIENTATIONIE i f5 &

JEEBAA R AL R 2

* FERALFG T3 HTH, SRy A R A

bR A BT R B R i e e

Introduction to Abaqus/Standard and Abaqus/Explicit
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- HEHE
o T RIEEARFAE
o AR R E BT T R,

s HHELIE T NFRS: 1=x-displacement, 2=y-displacement, ...,
11=temperature

1 Translation inthe 1-direction

2 Translation in the 2-direction.
3 Translation in the 3-direction.
4 Rotation about the 1-direction
5 Rotation about the 2-direction.

6 Rotation about the 3direction,

Introduction to Abaqus/Standard and Abaqus/Explicit

Dassault Systémes, 2008
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Abaqusii it} SIMULIA
« B
o Ol s 22 \’J

o FIF*OUTPUTIEIURIAR IS ¥ 1T, m] LR i — 3k mldn i WA S
B4 BE 1 (. odb) XX

o FIEN4H T U BHTEN M (. dat) X
« H{EAbaqus/Standard=n] f .

o N THATE G Zh T, TR +RESTARTIED, ¥ 5 5 bl S 2
HEB(. res) A GBI PREEE0T2) .

o« ATULE AR (. £11) P, T 58 =07 R A ER AR 1

2
.~ Abaqusfitl DS

SIMULIA

* 6t B0 Y HehE P

» The output database file is used by
Abaqus/Viewer 1§ FH 4t £ 7 S0 r
TEPythonfIC++H, {REH T M FHARF#%
H, W AR TAM8E (e, 1
Abaqus/Viewer 73 IH it i)

o PIRPSER RS e S A AR RO

« GEAREH TSR CRIRE
glg]%) A:DX_Y é%lg] 5 8aE1000
*OUTPUT, FIELD YT

T
010} 2014
13 e I
« IR T X-Y 2
0.08 1
*QUTPUT, HISTORY z *re
Eqpsl 2 F o
& 2 LS5 °f
T‘: ° T
gUU4»>24 »E»m
0.02 20
o.00L- 29, ’l il
00 0S5 10 1S 20 25 30 35 40[x1l
. . Time
Introduction to Abaqus/Standard and Abaqus/Explicit
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| Abaqusiiiil % >

- P KT
. EHIGZRER
° ﬁﬁ?ﬁ?%‘ﬁ%ﬁﬁ’]ﬁ H (Abaqus/Standard only)
« *OUTPUT, FIELD, FREQUENCY=n
o J A I R B 2 H
. *OUTPUT, FIELD, NUMBER INTERVAL=n At N evenly spaced
o S s R B time intervals
* *OUTPUT, FIELD, TIME INTERVAL=X  Every X units of time
o A I A A
. *OUTPUT, FIELD, TIME POINTS=t out At User-specified

Every n increments

SIMULIA

* *TIME POINTS, name = t_out time pomts
_ N S
I~ Abaqusiiiil ps:MULfA

o DIFRAR B IR AR
o HREE R P R
¢ *QUTPUT, HISTORY, FREQUENCY=n
° J@ﬁ_’}"ffﬁu I‘ETJ BEJ Ef,‘]#( E (Abaqus/Standard only)
¢ *QUTPUT, HISTORY, NUMBER INTERVAL=n
o T I 7 1 ) TR 5
¢ *QUTPUT, HISTORY, TIME INTERVAL=x
M @ﬁ;‘%fﬁ”ﬁﬂ'l‘iﬂ,'f—I—'\(Abaqus/Standard only)
¢ *QUTPUT, HISTORY, TIME POINTS=t_out
e *TIME POINTS, name=t_out

© Dassault Systémes, 2008
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* 5B U R B|ODB LA
o ORAERETY RSO E SURTHE K A RGO TR SO R
(abaqus_v6.env) :
+ odb_output_by default=ON: TUZEFF 1% # 5 N E|ODB
o XAREUNBCE I N AR T Y

* odb_output_by default=OFF: WA ETODB ™ A4k

o OSRAE R A AR AT eI, BROA R R R AR
*NODE OUTPUT
*ELEMENT OUTPUT

*ENERGY OUTPUT
*CONTACT OUTPUT

*INCREMENTATION OUTPUT (Abaqus/Explicit only)

Introduction to Abaqus/Standard and Abaqus/Explicit

Dassault Systémes, 2008
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Abaqusiii it} SIMULIA

« WK ODBH H
o TR PR A R T A HT 2
© 250, XETER 10T
o BOARIZ A B R
* Stresses-—S
» Total Strains — E (or logarithmic strain LE if NLGEOM is active)
 Plastic Strains — PE, PEEQ, and PEMAG
» Displacements and Rotations — U
» Reaction Forces and Moments— RF
» Concentrated (applied) Forces and Moments — CF
» Contact Stresses — CSTRESS
« Contact Displacements — CDISP
« BOARD AR B R B S A RE R
o XHFHARR IR, AT E A Abaqus Analysis User's Manual

Introduction to Abaqus/Standard and Abaqus/Explicit

© Dassault Systémes, 2008

27



2
A
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« Sy HS BFT BV HE SCfF
* VARIABLE=PRESELECTE I & BRI\ (1737728 f A 7 52 A% = ) (1) i,
X LRI o VA FAREIR S BIASCUC M, 1% 3014 0] LA SCAR R 835 N o
o X #8335 H 5 7F Abaqus/Standard F1 7]
° /‘j—JYjK_
*NODE PRINT

*EL PRINT
*ENERGY PRINT

2

A L 5
Abaqusii it ps:MULrA

* L BVE S B30k

N
o IR M F g AL, AT CUN ) R S R Ak A R M. R SR

AT PR AS F R RN 5L, AN R AR5
*RESTART, WRITE
 ZIETE S PP g.

* BB R
o SRR BLR T3 =5 Ja A B

*FILE OUTPUT (%l - 47 /£ Abaqus/Explicit 7 %)
*NODE FILE
*EL FILE

¥ENERGY Fm] AR A B

28
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¥ BT
o WHERKAbaqusEIA S

o FETHE ZATR IR T L

*HEADING ]
CANTILEVER BEAM EXAMPLE

7\A

SIMULIA

pLATEE A

UNITS IN MM, N, MPa —
*NODE
i, 0.0, 0.0

W R T

11, 200.0, 0.0
*NSET, NSET=END

1 4 5E L

11, —

*ELEMENT, TYPE=B21, ELSET=BEAMS

1,1, 3

5,9, 11 —

LVWrRIIER

*BEAM SECTION, SECTION=RECT, ELSET=BEAMS, MATERIAL:MAE‘._ R 51 L 5

50.0, 5.0
** Material from XXX testing lab
*MATERIAL, NAME=MAT1

AT

*ELASTIC } B BT
2.0E5, 0.3
*BOUNDARY

2Lt
[ 5 30 0 A 1 T

1, ENCASTRE

L

NV

Bl R R

* PirE s

*STER

APPLY POINT LOAD
*STATIC

*CLOAD

11, 2, -1200.0

*QUTPUT, FIELD, FREQUENCY=10

*ELEMENT OUTPUT, VARIABLE=PRESELECT

*OUTPUT, HISTORY, FREQUENCY=1
*NODE OUTPUT, NSET=END

U

*EL PRINT, FREQUENCY=10

S, E

*NODE FILE, FREQUENCY=5

U

*END STEPR
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- BRI S PR
*ELEMENT, TYPE=B21, ELSET@ \ /
1, 1, 3 X

*BEAM SECTION, SECTION=RECT, ELSET=. MATERIAL‘
50.0, 5.0

*MATERIAL, NAME@
*ELASTIC

2.0E5, 0.3

+ *BEAM SECTION ¥t 2 BEAMSHIFTEIMATLE L B R .
o EBUA T AR L UAE B . LIRSS, BN K J7 T (RECT);
i N50.0; =iEN5.0.

o BRI BT B BT AR RS . Sk $ 05| A+ SOLID
SECTION; &8 15 f*SHELL SECTION; %£84%,

7\_
7. LR A 7 ey
Blf: B SIMULIA
o MBS
*MATERIAL, NAME@:Q PR
*ELASTIC
2.0E5, 0.3 MEr/N=M
BB

o 8 XA VR HAE A R

* AbaqusiAN*MATERIALZ 5 IR T2 Rl — #PRHE D e — 304, B
JEE*MATERIALZ J5 B 73R R R &I, L an*NODEIE T .

o *ELASTICIE IR A T, & WA E*MATERIALIE T — [F{#F .

N
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+ Abaqus R¥uE T ni L B H . Rk, —4ERE, RfA1, 2,
ARE B, N B2 SR

1,1, 2

1, 6, 6

B

1,1, 6 HEAR TR LOE A T AR SR B At B

\0

1, ENCASTRE
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Bl B R

« IfEEX
*STEP AP RE R T Sk
APPLY POINT LOAD AT HTE S R — AT
*STATIC FiEp i TN

« *STEPIENAHE i IS ALK ARl .
* fE*STEPZ & (M2 — ML AU S FEE Lo
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BT BRI 7
- B
T4 2T 5 SR W
*CLOAD
11, 2, -1200.0
L,
H
e LTS, ISR . SR AR [ e,
" .
Bl R R AR p_g?}guu;[
- B ER

*QUTPUT, FIELD, FREQUENCY=10
*ELEMENT OUTPUT, VARIABLE=PRESELECT

*OUTPUT, HISTORY, FREQUENCY=1 —~ i B O S
*NODE OUTPUT, NSET=END
u,

o BHEAT, R BRI WK B AR .
o I AT E ST ARENDSE S T LB (i 24t o
o PN IR R 7 ZARX AR, I AR LR R/

o FEAMEH FE R AIEFREQUENCY S . A LMl E,
FREQENCYZ #4851 45 R 5 H MR
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*EL PRINT, FREQUENCY=10_ - FTERAY L BROR S
S, E _
:‘INODE FILE, FREQUENCY=5 B TS
* MA*EL PRINTIENE, M40 1T BN AU (- dae)SCfF, T EMAIK
=",

o LEAIH, BRI N T (S) RN (E)ZA .

- {fiFH*NODE FILEIESI, % — %t S 2Abaqusss B, HIPHERE
Ab PR 2% ) JE AR

« BB, R AR (V) H .

2

. LR ki TR S
Bl B R pSIMUL!A
s SR

*END STEP AT

o A HTE LIEND STEPIE IS R .
o WFHJERIHT, BJE ETUE RN +END STEPE I,

Viden Clip
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o BNSCHRAT DA CAERAE . E040 S Fn o e .
o 7EH NSO Abaqus i [E] Abaqus/CAE H 48 I B RE K ARAE
* Abaqus LA 1 SO R E— 25 R A RS FL A 1 e

. %Eﬁlmﬁ%ﬂ AN DR P R T3 . PP AN B U TF

o SCVFEHEIERARE S XTI R, B AR AR A .
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HRLE R RCALE pSIMUL!A

o SESGHAE
« [fiI*PARTAI*END PARTHETR Sk, CATBAUNBERRE XL |
Hho AEAN TR LA MR 47
o B SGHES45)
o TESEME LTEHEW, {FH*INSTANCEFI*END INSTANCE®Z I 52 X {4
S o AEAN B S A A e () 44
o B X CERRAF
« {1 FI*ASSEMBLYFI*END ASSEMBLY &I & U fifE . 78— M A
e B SL— AN

. Wﬂ;gﬂﬁ’%%ﬂ?%ﬁ%)‘(, R LTRFIRIAE L, 2 BB RC A € SIE
ZWe

i %

TR R RO ps:MULrA
o BTN ST

*HEADING . \ !
e *MATERIAL, NAME=Rubber
*PART, NAME=Tire *AMPLITUDE
Node, element, section, set, and surface definitions *INITIAL CONDITIONS
*END PART *PHYSICAL CONSTANTS
*PART, NAME=Rim c.
Node, element, section, set, and surface definitions *STEP
*END PART *STATIC
. *BOUNDARY
*ASSEMBLY, NAME=Tire_and rim Tire_and_rim.I_Rim. 101, 1, 3, 0.0
*INSTANCE, NAME=I_Tire, PART=Tire *CLOAD
<positioning data> Tire_and rim.I_Tire.514, 2, 1000.0
set and surface definitions (optional) *OUTPUT, HISTORY, FREQUENCY=10
*END INSTANCE *NODE OUTPUT, NSET=Tire_and rim.Output
*INSTANCE, NAME=I_Rim, PART=Rim RF, CF
<positioning data> *END STEP

set and surface definitions (optional)
*END INSTANCE
Additional set and surface definitions
*NSET, NSET=Output
I_Tire.514, I_Tire.520
I_Rim.101, I_Rim.102
*END ASSEMBLY

es, 2008
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WRAbF%: I_Rim.101

AR
101
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514

W RifR%: I_Tire.514

e A HR $MtF: Tire and rim
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2. FIFFAELSCRE, JEHAT (.
3. ML ORI R A .
4. FEATH AR, 5 H T H O
50 MPa J1 778 fif
30 kN/(2 X 0.015m X 0.02m)
2
STRAs SR AR Za

LI 7 P Hr ol (RS A sea it UMb

S (B /D NV

6. fiiflAbaqus/ViewerZEF 451,
7. FREAT RV SO
8. MBHUA, ML RN,
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LA AT 23
+ Abaqus/Standard S PSRRI )4
. V)
L RS WL =
AEL LR v
. %%ﬁd]fﬁﬁ? M 7 2 2k

3

Step 3 = L H RAH
f/llf"frlfl.‘ff’

Step 1 = fthifi Step 2 = J5 i Step 4 = RS &
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o T RIVIRE (WA ST R L ERs).
o JRARZS ZHT R N AT DL ARZR I
o {HSE, PN B T (e T e s T 2 ar, R
SR FH*STATICH M7 i8 i F1°F45, 40T LS H «*DYNAMICE
T .

o BN Z G, AT AGRSEIEAT AR D
« fEAbaqus/Explicit, HEEA M5,
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 fEAbaqus/Standard ™, 4z ita) S R .

*BUCKLE (RFEAH ) th 7)-#r)

*FREQUENCY (FFE{EIREL)

+*MODAL DYNAMIC (%25 £k 3 12550 H1)

+*RANDOM RESPONSE (I Bl i) 45 ki i)

*RESPONSE SPECTRUM (B3 Mt W 28 P4 i )97

*STEADY STATE DYNAMICS (il | k25 3h 71200 )
« *STATICr #2527 AR etk 15 5 5l H il 7%

o RTHA PG .
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o WA E RN )RR R R

CRPERIAEL P i T2 25

SIMULIA

« BOARIEESIH

Load

AMPLITUDE=RAMP

o

*STATIC
*HEAT TRANSFER, STEADY STATE RAMP
*COUPLED TEMPERATURE-DISPLACEMENT, STEADY STATE
*SOILS, STEADY STATE

*COUPLED THERMAL-ELECTRICAL, STEADY STATE
*STEADY STATE TRANSPORT

Introduction to Abaqus/Standard and Abaqus/Explicit
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N7

Time Tfinal

AN AR I A2

« XA BRI R IR

AMPLITUDE=STEP

o Load

*DYNAMIC
*VISCO
*HEAT TRANSFER (5#4) STEP
*COUPLED TEMPERATURE-DISPLACEMENT ([#7%)
*DYNAMIC TEMPERATURE-DISPLACEMENT, EXPLICIT
*COUPLED THERMAL-ELECTRICAL (I5#7)

*SOILS, CONSOLIDATION

*STEADY STATE DYNAMIC PR U IR (3] A 5 ST BRI
*RANDOM RESPONSE H2ZFIHRR.

*MODAL DYNAMIC

Time Tfinal

o 7EERFN ¥ FE(+DYNAMIC, EXPLICIT)H, TiE B AR 230 5 44
25| IR T .

Introduction to Abaqus/Standard and Abaqus/Explicit
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C BESTRE—ETUAAEEANS, LT A RS
*STEP N
*STATIC
19

*STEP, PERTURBATION
*STATIC

o BT MIFEAN BT R AL SR AR IR NI, 7E BN RS I b
Tl 2 Lo E 2 Bl B i B 5 (8

o AT O AE B AT AL TR AT

Introduction to Abaqus/Standard and Abaqus/Explicit
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o MBI AR S 2R R BT, 2 TOL BT AR AT
o RV DAL ARH F .

'MQ%KMEEK\M%\M%\%W\%%ﬂ%ﬁﬁ%*%ﬁ%K
[F) 28K 17

o A THUALIE DN

o WURAE AT DIRE P T B BUBCE S5 AT H 4 (R
B, 2 LU BT AT LUSH B 2 B B A 2

Introduction to Abaqus/Standard and Abaqus/Explicit
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Multiple *LOAD CASE Multiple *STEP, PERTURBATION

Next *STEP
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- BlF: RATLR
o TEZAMIR, gl = mEmERaiasnl, JHEEE2E.

o HWROH B TR T RAR SIS EG, ER ARV TR, BRI
BESL TR

1

3J/ 2
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© THEEEEFS TS
WV,

*STEP, PERTURBATION
*STATIC

*STEADY STATE DYNAMICS, DIRECT
TR DA T BB R R
« IR )
o T FSAT ORI L350 AT U AN R 32 726 4F)
VMR

Introduction to Abaqus/Standard and Abaqus/Explicit
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*Step, perturbation

*Static

*Load Case, name="Bending A"
*Boundary

right, 1, 6

*Cload

left, 3, 1.

*End Load Case

*Load Case, name="Bending B"
*Boundary

left, 1, 6

*Cload

right, 3, 1.

*End Load Case

*End Step

Introduction to Abaqus/Standard and Abaqus/Explicit
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Node set right ]

\ /v Bending A

Bending B

— {4 [f] op=NEWHIFL 1]

TR B

Introduction to Abaqus/Standard and Abaqus/Explicit
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o UNHAE THUE R E FAT AT «*BOUNDARY, T BT AT 525 A4 1 1)
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% LULRIH DSIMULIA

o LR BURIL AT IS, X SRAFE EAS 2238 B R o

o WNLTOBTHZ (8], BT F A BRI R

o QRSB L SRR AR AR R, 2 Tl fes
W18 TR 2 B B (S RBEHERAAZ .

o RN IIREE, i8frdatacheck it (BBFR vs 2 1) , HESR
RS TP ISR A5 B (dat) it (Hetn, WAEFSR, WSk
%R, %% .

n

Introduction to Abaqus/Standard and Abaqus/Explicit
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ziﬁ&ﬁﬁ DSIMULIA
. R y

o I AN TN EORE T <A N\

© ZLOUMMTAIRET B H 21

P RTINS SR o ERRIERES, TR T
W AUREAE P A7

o BRI CRICANYT SBHE D o

o EFRERIHOT, WHE:
+ standard memory N/ /O (il %5F HdE L)
* standard memory policy A MAXIMUM.

o WERALE, KEAFER TOHUE LA T, RN 4T A

AR A ) 1 B
o BOREDL: B2 AT (ERX L, 6 W] DA SOPF R

73 B
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« A
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o FERA D (AR R T
o AT LS 5 2008 2 (. odb) AHHT B

o TOLHIITA i AR AR St frame

E S 1y
i1 //{Q/iU\ 0 Increment  0: Base State

Wi th (B R )

2{

SIMULIA

\ J
Ml Step/Frame ‘

Step Name I Description

Index | Description

1 Load Case: BENDING &
2 Load DING B

EMRVAE!

+ Abaqus/Viewer ] j5 &3
o SCRRTEREA MR AT R AR
o XPTIEE MW, AT DAG R
o RMESIR(k, T
DU P )
- FNG AN S
w, fEprE Lol
H 5 R T)

Introduction to Abaqus/Standard and Abaqus/Explicit
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Il Create Field Output From Frames

Operation: IFind the maximum value aver all frames

ODE: Job-1

Frames | Fields | N

Step | Frame | Frame Description

1 1] Increment ¢ Base State
1 1 Load Case: BENDING A

1 - | eind oo BERIRTIC @

Il Create Field Dutput From Frames

Operation: IF\nd the maximum value over all frames

ODE: Job-1
Frames Fields I
add...| [setect] Name | Type | Inv/comp [ [ Inv/Comp —
M cr vector  Magnitude
NewFr | ™ cm Vector  Magnitude Max. In-Flang Pri
Framede | 7 £ Tensor  Max, Principal Min. Ir-Flane Prir
out-of-Plane Prin
(sl o= | Yactor Magn!tude M, Princpel
M rm Yectar  Magnitude Wid, Principal
@ s Tenso | i Principal
_  u Veckor  Magnitude Tresca
R Vector  Magnitude Pressure
Third Tnvariant
s11
sz2
533
s12
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¥

Mises stress: Bending A Mises stress: Bending B

Ead

- Max value of Mises stress

over both frames

Introduction to Abaqus/Standard and Abaqus/Explicit
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- HIREWEF
r (e, ') WV,
I e s # 7 \E
AR #1 h (# DOF)
1 101 61206
2 201 242406
3 501 1506006 \
4 751 3384006 U %A
o THMA%: 8 F116

— *Static, perturbation

o UM AL TR E

o BRIA

Introduction to Abaqus/Standard and Abaqus/Explicit
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CPU time (sec)

#lr

2008
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SIMULIA
o BATER: £ECPUNTE
ANy
4.E+04 |
== 8 Steps /A
3E+04 =8 Load Cases
=716 Steps
=O= 16 Load Cases
2.E+04 > %>
LE+04 ,/ /
0.E+00 [[](é
0.E+00 1.E+06 2.E+06 3.E+06 4.E+06

Number of variables
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« $4T: 751 x 751 BRI KILEFT
N
A%} CPU i} — 3.4 M variable case
8 Steps/8 Load cases | 16 Steps/16 Load cases
Solver 7.52 14.3
Total 5.04 7.48
Introduction to Abaqus/Standard and Abaqus/Explicit
’ 7\‘
5 A
1+ SIMULIA
« &3 501 x 501
N

< 8L
o FERRAN LU AR T AL %A

o FAXT4# CPU BfE: ~0.153
(2L ~6.6x 181)

o MBI TR EEA L B A

Introduction to Abaqus/Standard and Abaqus/Explicit
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#lr

o JRE-ERIVBIE T
AR 4L 534,000
JITEfM 4L 483,000
TALH AN 60
*Steady-state dynamics, direct
(103 1)
s U (AR )

CPU 1ifi] (sec)

60 steps (projected
based on 1 step)

Solver 1290 x 60 = 77,400 1990 (39x faster)

60 load cases

Total 1965 x 60 = 117,600 | 11,600 (10x faster)

Introduction to Abaqus/Standard and Abaqus/Explicit
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Stress

2

2S

o REHLEI !

o FEE: WERTUE ST iR B R R,

WURA 5 FEE B3 72 B A S PR A
FINARL
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JESR RS

Viden Clip
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o SRR LA A R R AR
o IR AT T )«
- R, A TR R A .

o FESTITRRARIE XDy, R IT ) SR I S LWL, 55
J1 P, T, R

PUu)-1(u)=0 (Eg. 3.1)
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Force equilibrium at a node with
internal and external forces
Introduction to Abaqus/Standard and Abaqus/Explicit
’ P
T 47 ST s
SR AT i 7 A

o NT SRIRAELNE T4 R, 7EAbaqus/Standard s T 2R -4 AR
AR Bk A &
o BEAT— PRI RN, Uy, NTH.
o RS KIERZ G, BENTAMARY, « BECi, B BCT- 7 R 1R B i Fn
YRz % ( Equation3.1) , LA
P(u; +¢i,1) — 1 (u; +¢,y) =0. (Eq.3.2)
o W3 2M AL FIAEMRY, T, CAEREEET BT, mTLiE s

P(Ui)—|(Ui)+(%—%jcm+wzo- (Eq.3.3)

Introduction to Abaqus/Standard and Abaqus/Explicit
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KiCi,y = P(u;) = 1(y;),
_ol(u;)  oP(w)
T ou au

H K NYIZRIEE .

o IR UGE U

Uig = Ui +Ciyg.

o EE: WUREMT SRS (Hn, FeRRRIERIE S D . NIRRT A
AT I EE (K DTk -
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WV,

SRRV 75 72 AN
. B iERT
B u (displacement)
o KARuP) 2 P(u)—HL iy, j-\/\NV\N\I: P (external load)
A, it O I 3 K=K (u)(Spring stiffness)
Prinac -

o I MO,

Prinal Pfinal

?

o Load
© Load

Time 1.0 Displacement

Introd

uction to Abaqus/Standard and Abaqus/Explicit
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« B—IRIEA (=1)
o ABCE BT AL SO B AR U
Py FNTHIHI.
o EAETEL P, KA
WEAP, Bt nEait .
* Abaqus3tFupsh IR B Ug uy Displacement
Ko #E 1B IEC, A1
LR, ST Prora
NI R 2N :

lo : Ko = ProraL — lo-
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* AbaqusHUFTER AR Ju, » TRMRK, IFHEE 1, o

° ‘é‘ﬁﬁPTOTALEWﬁ I]_E‘]%%‘%%%%y Rl: R1: PTOTAL_ Il'

o R Ry FERRN AN B i EERAE N (ERETEHEZ W), S AT
o BRIATIA ZER L AU/ S5 RN 1] 135 17 190.5%
* Abaqus F BTHHE I EISF 77
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*HEADING

CANTILEVER BEAM EXAMPLE--LARGE DISPLACEMENT S
*NODE \ 4
1, 0., 0.

11, 200., 0.

*NGEN

1, 11, 1

*ELEMENT, TYPE=B21

1,1, 3

*ELGEN, ELSET=BEAMS

1, 5,2, 1

*BEAM SECTION, SECTION=RECT, ELSET=BEAMS, MATERIAL=MAT1

50., 5.

*MATERIAL, NAME=MAT1

*ELASTIC

2.E5, .3

*BOUNDARY

1,1, 6

*AMPLITUDE, NAME=RAMP

0.0, 0.0, 0.5, 0.3, 1.0, 1.0
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*RESTART, WRITE,FREQ=3

PRk TPNTES

APPLY POINT LOAD

I3 A RIS (] /)N TR] 1
JE3 *STATIC
Y CDEAE LD | S wiasit
e e P
P!

) e 11, 2, -1200.
Sl E AT A
PREL *NODE PRINT, FREQ=1

U, RF

*EL PRINT, FREQ=10
s, E

*NODE FILE, FREQ=5
U

*END STEP
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*STEP, NLGEOM, INC=25
« NLGEOM: 045 A H LA T B PRI 51 RS ) TUART =l B P 25«
o RERE. KiEf. RETE.
o TREAT (WILRRITT) o
o« AN
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o XFTHTA MBS, HERUNN SR, B2
*STATIC N
*DYNAMIC
*HEAT TRANSFER
*VISCO
*COUPLED TEMPERATURE-DISPLACEMENT
*SOILS
*MODAL DYNAMIC (A 5oV [il 52 i [A]3 1)
*COUPLED THERMAL-ELECTRIC
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SUMMARY OF JOB INFORMATION:

STEP INC ATT SEVERE EQUIL TOTAL TOTAL STEP INC OF DOF IF

DISCON ITERS ITERS TIME/ TIME/LPF TIME/LPF MONITOR RIKS
ITERS FREQ

1 1 1 0 3 3 0.100 0.100 0.1000

1 2 1 0 2 2 0.200 0.200 0.1000

1 3 1 0 2 2 0.350 0.350 0.1500

1 4 1 0 2 2 0.575 0.575 0.2250

1 5 1 0 3 3 0.913 0.913 0.3375

1 6 1 0 2 2 1.00 1.00 0.08750

Introduction to Abaqus/Standard and Abaqus/Explicit

Dassault Systémes, 2008

o RGO HT I RE— R T SRR R B [ B TR N

2
’ e 97 S

AR A B o3 M i L pSIMULIA
* BB R E

o TEER ST, BT IERIREOE B
o RHEINSE (LRKARTFEREEDIRS) -
=WINEMREK
o NFE GRS ER L
kN RS K
o AN
SIRRFFFERIE R K
-Eﬁ%ﬁ@%%ﬁ&%ﬂlﬁﬁﬁom%ﬁﬁﬁﬁmﬁﬁ,mF*%ﬁﬁ
Eo
Bm: T REARLENRR, HEFERTAA I [R]85y S0 [R]3  f — /N
4y (Hhin10%) .

Introduction to Abaqus/Standard and Abaqus/Explicit

© Dassault Systémes, 2008

o RIREE CETZEMZL) Bl R s . )

13



2
! L B4 T A 2y
« 158 (.msg) JXMF
o fLFE:
< BT B SR
o FIfH+CONTROLSHEII i BRME—A 220 7 2
o KT EARBRREE 4075
o JEBRIABLALRRAE
« [ FHINLGEOMZ:#}
o HEAFNE A
o BT LRGN

Introduction to Abaqus/Standard and Abaqus/Explicit
Dassault Systémes, 2008

2,
b R ERE R QE&HM

o RMFAE S

© BUER - RRMAEL MR AR AL AR G R T 3
KEHAPER, DETERZATER.

Numerical singularities g ity 5 8 2 4 111 1 4 BT B i 24

IR
. BEE TELE T LSRR R AR, 24 S A )
2610 Divots W BESRHUT NN FIET s 2 H I RE 1 £
P B S L JE R A 2 TR R A A
SR AR
. GUREE: SRS 2 PRI A e R AR TE S s B

o, I SR i R
Negative eigenvalues

Introduction to Abaqus/Standard and Abaqus/Explicit

© Dassault Systémes, 2008




PR AT 060

© AR S RS
« BORERNE
o WERLKNE
o BRI AL E

Introduction to Abaqus/Standard and Abaqus/Explicit

It Systémes, 2008

%

SIMULIA

N

AR 2 23 M (0

STEP

1 STATIC ANALYSTIS

SMALL DISPLACEMENT ANALYSIS

AUTOMATIC TIME CONTROL WITH -

A SUGGESTED INITIAL TIME INCREMENT OF 0.100
AND A TOTAL TIME PERIOD OF 1.00
THE MINIMUM TIME INCREMENT ALLOWED IS 1.000E-03
THE MAXIMUM TIME INCREMENT ALLOWED IS 1.00
CONVERGENCE TOLERANCE PARAMETERS FOR FORCE
CRITERION FOR RESIDUAL FORCE FOR A NONLINEAR PROBLEM 5
CRITERION FOR DISP. CORRECTION IN A NONLINEAR PROBLEM 1
INITIAL VALUE OF TIME AVERAGE FORCE 1
AVERAGE FORCE IS TIME AVERAGE FORCE
ALTERNATE CRIT. FOR RESIDUAL FORCE FOR A NONLINEAR PROBLEM 2
CRITERION FOR ZERO FORCE RELATIVE TO TIME AVRG. FORCE 1
CRITERION FOR RESIDUAL FORCE WHEN THERE IS ZERO FLUX 1
CRITERION FOR DISP. CORRECTION WHEN THERE IS ZERO FLUX 1
CRITERION FOR RESIDUAL FORCE FOR A LINEAR INCREMENT 1

FIELD CONVERSION RATIO

Introduction to Abaqus/Standard and Abaqus/Explicit

Dassault Systémes, 2008
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SIMULIA

N

.000E-03
.000E-02
.000E-02

.000E-02
.000E-05
.000E-05
.000E-03
.000E-08

1.00

15
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CONVERGENCE TOLERANCE PARAMETERS FOR MOMENT

CRITERION FOR RESIDUAL MOMENT FOR A NONLINEAR PROBLEM 5.
CRITERION FOR ROTATION CORRECTION IN A NONLINEAR PROBLEM 1.
INITIAL VALUE OF TIME AVERAGE MOMENT 1.

AVERAGE MOMENT

Is

TIME AVERAGE MOMENT

ALTERNATE CRIT. FOR RESIDUAL MOMENT FOR A NONLINEAR PROBLEM
CRITERION FOR ZERO MOMENT RELATIVE TO TIME AVRG. MOMENT
CRITERION FOR RESIDUAL MOMENT WHEN THERE IS ZERO FLUX

CRITERION FOR RESIDUAL MOMENT FOR A LINEAR INCREMENT
FIELD CONVERSION RATIO

2
1
1
CRITERION FOR ROTATION CORRECTION WHEN THERE IS ZERO FLUX 1.
1
1

VOLUMETRIC STRAIN COMPATIBILITY TOLERANCE FOR HYBRID SOLIDS
AXIAL STRAIN COMPATIBILITY TOLERANCE FOR HYBRID BEAMS
TRANS. SHEAR STRAIN COMPATIBILITY TOLERANCE FOR HYBRID BEAMS

SOFT CONTACT CONSTRAINT COMPATIBILITY TOLERANCE FOR P=0.0
DISPLACEMENT COMPATIBILITY TOLERANCE FOR DCOUP ELEMENTS
ROTATION COMPATIBILITY TOLERANCE FOR DCOUP ELEMENTS

1
1
1
SOFT CONTACT CONSTRAINT COMPATIBILITY TOLERANCE FOR P>P0O 5.
0
1
1

Introduction to Abaqus/Standard and Abaqus/Explicit

Dassault Systémes, 2008
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000E-03
000E-02
000E-02

.000E-02
.000E-05
.000E-05

000E-03

.000E-08
.00

.000E-05
.000E-05
.000E-05

000E-03

.100
.000E-05
.000E-05

N

AR 2 23 M (0

TIME INCREMENTATION CONTROL PARAMETERS:
FIRST EQUILIBRIUM ITERATION FOR CONSECUTIVE DIVERGENCE CHECK
EQUILIBRIUM ITERATION AT WHICH LOG. CONVERGENCE RATE CHECK BEGINS
EQUILIBRIUM ITERATION AFTER WHICH ALTERNATE RESIDUAL IS USED
MAXIMUM EQUILIBRIUM ITERATIONS ALLOWED
EQUILIBRIUM ITERATION COUNT FOR CUT-BACK IN NEXT INCREMENT
ITERS IN TWO INCREMENTS FOR TIME INCREMENT INCREASE
MAXIMUM ITERATIONS FOR SEVERE DISCONTINUITIES
MAXIMUM CUT-BACKS ALLOWED IN AN INCREMENT
ITERS IN TWO INCREMENTS FOR TIME INCREMENT INCREASE

MAXIMUM EQUILIB.

MAXIMUM D
CUT-BACK
CUT-BACK
CUT-BACK
CUT-BACK
CUT-BACK
INCREASE

ISCON.

FACTOR
FACTOR
FACTOR
FACTOR
FACTOR
FACTOR

AFTER DIVERGENCE

FOR TOO SLOW CONVERGENCE

AFTER TOO MANY EQUILIBRIUM ITERATIONS

AFTER TOO MANY SEVERE DISCONTINUITY ITERATIONS
AFTER PROBLEMS IN ELEMENT ASSEMBLY

AFTER TWO INCREMENTS THAT CONVERGE QUICKLY

MAX. TIME INCREMENT INCREASE FACTOR ALLOWED

MAX. TIME INCREMENT INCREASE FACTOR ALLOWED (DYNAMICS)
MAX. TIME INCREMENT INCREASE FACTOR ALLOWED (DIFFUSION)
MINIMUM TIME INCREMENT RATIO FOR EXTRAPOLATION TO OCCUR
MAX. RATIO OF TIME INCREMENT TO STABILITY LIMIT

FRACTION OF STABILITY LIMIT FOR NEW TIME INCREMENT

Introduction to Abaqus/Standard and Abaqus/Explicit

Dassault Systémes, 2008
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0.2500
0.5000
0.7500
0.2500
0.2500
1.500
1.500
1.250
2.000
0.1000
1.000

0.9500

4
N

9
16
10

4
12

5

6
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PRINT OF INCREMENT NUMBER, TIME, ETC., EVERY 1 INCREMENTS \ )

RESTART FILE WILL BE WRITTEN EVERY 3 INCREMENTS

THE MAXIMUM NUMBER OF INCREMENTS IN THIS STEP IS 25

LARGE DISPLACEMENT THEORY WILL BE USED

LINEAR EXTRAPOLATION WILL BE USED

CHARACTERISTIC ELEMENT LENGTH 40.0

DETAILED OUTPUT OF DIAGNOSTICS TO DATABASE REQUESTED

PRINT OF INCREMENT NUMBER, TIME, ETC., TO THE MESSAGE FILE EVERY 1 INCREMENTS

EQUATIONS ARE BEING REORDERED TO MINIMIZE WAVEFRONT
COLLECTING MODEL CONSTRAINT INFORMATION FOR OVERCONSTRAINT CHECKS

COLLECTING STEP CONSTRAINT INFORMATION FOR OVERCONSTRAINT CHECKS

Introduction to Abaqus/Standard and Abaqus/Explicit

Dassault Systémes

2

2 1 B T A M I
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! SIMULIA
INCREMENT 1 STARTS. ATTEMPT NUMBER 1, TIME INCREMENT 0.100
CONVERGENCE CHECKS FOR EQUILIBRIUM ITERATION 1 N
AVERAGE FORCE 1.251E+03 TIME AVG. FORCE 1.251E+03
LARGEST RESIDUAL FORCE -4.637E+03 AT NODE 11  DOF 1 \\\
LARGEST INCREMENT OF DISP. -1.84 AT NODE 11  DOF 2
LARGEST CORRECTION TO DISP. -1.84 AT NODE 11  DOF 2 X 0.005
FORCE EQUILIBRIUM NOT ACHIEVED WITHIN TOLERANCE. 6.5
AVERAGE MOMENT 7.200E+03 TIME AVG. MOMENT 7.200E+03
LARGEST RESIDUAL MOMENT 28.8 AT NODE 9 DOF 6
LARGEST INCREMENT OF ROTATION -1.382E-02 AT NODE 11 DOF 6
LARGEST CORRECTION TO ROTATION -1.382E-02 AT NODE 11 DOF 6 % 0008
ROTATION CORRECTION TOO LARGE COMPARED TO ROTATION INCREMENT R
36
CONVERGENCE CHECKS FOR EQUILIBRIUM ITERATION 2
AVERAGE FORCE 37.8 TIME AVG. FORCE 37.8
LARGEST RESIDUAL FORCE 0.215 AT NODE 11 DOF 1 X005
LARGEST INCREMENT OF DISP. -1.84 AT NODE 11  DOF 2
LARGEST CORRECTION TO DISP. -1.007E-02 AT NODE 11  DOF 1 0.2
FORCE EQUILIBRIUM NOT ACHIEVED WITHIN TOLERANCE.
AVERAGE MOMENT 7.200E+03 TIME AVG. MOMENT 7.200E+03
LARGEST RESIDUAL MOMENT -0.346 AT NODE 5 DOF 6 X 0.005
LARGEST INCREMENT OF ROTATION -1.382E-02 AT NODE 11 DOF 6 36
LARGEST CORRECTION TO ROTATION 5.898E-07 AT NODE 11 DOF 6

THE MOMENT EQUILIBRIUM EQUATIONS HAVE CONVERGED

Introduction to Abaqus/Standard and Abaqus/Explicit

Dassault Systémes, 2008
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CONVERGENCE CHECKS FOR EQUILIBRIUM ITERATION 3 \ /
AVERAGE FORCE 37.7 TIME AVG. FORCE 37.7 «
LARGEST RESIDUAL FORCE -2.281E-06 AT NODE 11 DOF 1 %0.005
LARGEST INCREMENT OF DISP. -1.84 AT NODE 11 DOF 2 0.2
LARGEST CORRECTION TO DISP. 3.349E-05 AT NODE 11 DOF 2
THE FORCE EQUILIBRIUM EQUATIONS HAVE CONVERGED
AVERAGE MOMENT 7.200E+03 TIME AVG. MOMENT 7.200E+03
LARGEST RESIDUAL MOMENT 1.523E-05 AT NODE 7 DoF 6 X0.005
LARGEST INCREMENT OF ROTATION -1.382E-02 AT NODE 11 DOF 6 36
LARGEST CORRECTION TO ROTATION 3.637E-07 AT NODE 11  DOF 6
THE MOMENT EQUILIBRIUM EQUATIONS HAVE CONVERGED

ITERATION SUMMARY FOR THE INCREMENT: 3 TOTAL ITERATIONS, OF WHICH Yo s
0 ARE SEVERE DISCONTINUITY ITERATIONS AND 3 ARE EQUILIBRIUM ITERATIONS. —— AU

IRELIEAR

TIME INCREMENT COMPLETED 0.100 , FRACTION OF STEP COMPLETED 0.100 (E%’Z*f

STEP TIME COMPLETED 0.100 , TOTAL TIME COMPLETED 0.100 I DLTE
WL, At]
D8-3iip)

Introduction to Abaqus/Standard and Abaqus/Explicit
Dassault Systémes, 2008
- %Ti%}éiﬂk /\*FI,E/‘ Am ﬁ\:_
=5 J i
= SIMULIA
INCREMENT 2 STARTS. ATTEMPT NUMBER 1, TIME INCREMENT 0.100 WA BN
CONVERGENCE CHECKS FOR EQUILIBRIUM ITERATION 1

AVERAGE FORCE 75.6 TIME AVG. FORCE 56.7

LARGEST RESIDUAL FORCE 0.861 AT NODE 11 DOF 1

LARGEST INCREMENT OF DISP. -1.84 AT NODE 11 DOF 2

LARGEST CORRECTION TO DISP. -2.013E-02 AT NODE 11 DOF 1

FORCE EQUILIBRIUM NOT ACHIEVED WITHIN TOLERANCE.

AVERAGE MOMENT 1.440E+04 TIME AVG. MOMENT 1.080E+04

LARGEST RESIDUAL MOMENT -1.38 AT NODE 5 DOF 6

LARGEST INCREMENT OF ROTATION -1.382E-02 AT NODE 11 DOF 6

LARGEST CORRECTION TO ROTATION 3.914E-06 AT NODE 11 DOF 6

THE MOMENT EQUILIBRIUM EQUATIONS HAVE CONVERGED

Introduction to Abaqus/Standard and Abaqus/Explicit

Dassault Systémes, 2008
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CONVERGENCE CHECKS FOR EQUILIBRIUM ITERATION 2
\ )
AVERAGE FORCE 144. TIME AVG. FORCE 90.9
LARGEST RESIDUAL FORCE -6.928E-05 AT NODE 11 DOF 1
LARGEST INCREMENT OF DISP. -1.84 AT NODE 11 DOF 2
LARGEST CORRECTION TO DISP. 1.701E-04 AT NODE 11 DOF 2
THE FORCE EQUILIBRIUM EQUATIONS HAVE CONVERGED
AVERAGE MOMENT 1.600E+04 TIME AVG. MOMENT 1.160E+04
LARGEST RESIDUAL MOMENT 1.218E-04 AT NODE 7 DOF 6
LARGEST INCREMENT OF ROTATION -1.382E-02 AT NODE 11 DOF 6
LARGEST CORRECTION TO ROTATION 1.804E-06 AT NODE 11 DOF 6
THE MOMENT EQUILIBRIUM EQUATIONS HAVE CONVERGED e D b L L B e LS Ve L
2 2 AL B IR IR S o

TIME INCREMENT MAY NOW INCREASE T .1 —~
c ° CREASE 10 0.150___Z N4 At= 154t

ITERATION SUMMARY FOR THE INCREMENT: 2 TOTAL ITERATIONS, OF WHICH
0 ARE SEVERE DISCONTINUITY ITERATIONS AND 2 ARE EQUILIBRIUM ITERATIONS.

TIME INCREMENT COMPLETED 0.100 , FRACTION OF STEP COMPLETED 0.200
STEP TIME COMPLETED 0.200 , TOTAL TIME COMPLETED 0.200

Introduction to Abaqus/Standard and Abaqus/Explicit

Dassault Systémes, 2008
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= SIMULIA
INCREMENT 3 STARTS. ATTEMPT NUMBER 1, TIME INCREMENT 0.150 =— At= 1.5At0|d
CONVERGENCE CHECKS FOR EQUILIBRIUM ITERATION 1
AVERAGE FORCE 133. TIME AVG. FORCE 105.
LARGEST RESIDUAL FORCE 3.02 AT NODE 11 DOF 1
LARGEST INCREMENT OF DISP. -2.75 AT NODE 11 DOF 2
LARGEST CORRECTION TO DISP. -3.764E-02 AT NODE 11 DOF 1
FORCE EQUILIBRIUM NOT ACHIEVED WITHIN TOLERANCE.
AVERAGE MOMENT 2.518E+04 TIME AVG. MOMENT 1.613E+04
LARGEST RESIDUAL MOMENT -4.47 AT NODE 5 DOF 6
LARGEST INCREMENT OF ROTATION -2.071E-02 AT NODE 11 DOF 6
LARGEST CORRECTION TO ROTATION 1.722E-05 AT NODE 11 DOF 6

THE MOMENT EQUILIBRIUM EQUATIONS HAVE CONVERGED

Introduction to Abaqus/Standard and Abaqus/Explicit

Dassault Systémes, 2008
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CONVERGENCE CHECKS FOR EQUILIBRIUM ITERATION 2
NV,
AVERAGE FORCE 252. TIME AVG. FORCE 145.
LARGEST RESIDUAL FORCE -7.965E-04 AT NODE 11 DOF 1
LARGEST INCREMENT OF DISP. -2.75 AT NODE 11 DOF 2
LARGEST CORRECTION TO DISP. 5.629E-04 AT NODE 11 DOF 2
THE FORCE EQUILIBRIUM EQUATIONS HAVE CONVERGED
AVERAGE MOMENT 2.798E+04 TIME AVG. MOMENT 1.706E+04
LARGEST RESIDUAL MOMENT 7.461E-04 AT NODE 7 DOF 6
LARGEST INCREMENT OF ROTATION -2.070E-02 AT NODE 11 DOF 6
LARGEST CORRECTION TO ROTATION 5.967E-06 AT NODE 11 DOF 6
THE MOMENT EQUILIBRIUM EQUATIONS HAVE CONVERGED
TIME INCREMENT MAY NOW INCREASE TO 0.225

ITERATION SUMMARY FOR THE INCREMENT: 2 TOTAL ITERATIONS, OF WHICH

0 ARE SEVERE DISCONTINUITY ITERATIONS AND

2 ARE EQUILIBRIUM ITERATIONS ~———4o0r

fewer
TIME INCREMENT COMPLETED 0.150 , FRACTION OF STEP COMPLETED 0.350
STEP TIME COMPLETED 0.350 , TOTAL TIME COMPLETED 0.350
RESTART INFORMATION WRITTEN IN STEP 1 AFTER INCREMENT 3
Introduction to Abaqus/Standard and Abaqus/Explicit
Dassault Systémes, 2008
R B T P b
ZiE =B RN )l
= SIMULIA
INCREMENT 4 STARTS. ATTEMPT NUMBER 1, TIME INCREMENT 0.225——— At=154t,, \
CONVERGENCE CHECKS FOR EQUILIBRIUM ITERATION 1
AVERAGE FORCE 1.528E+03 TIME AVG. FORCE 490.
LARGEST RESIDUAL FORCE -4.550E+03 AT NODE 11 DOF 1
LARGEST INCREMENT OF DISP. -5.95 AT NODE 11 DOF 2
LARGEST CORRECTION TO DISP. -1.82 AT NODE 11 DOF 2
FORCE EQUILIBRIUM NOT ACHIEVED WITHIN TOLERANCE.
AVERAGE MOMENT 4.853E+04 TIME AVG. MOMENT 2.493E+04
LARGEST RESIDUAL MOMENT -344. AT NODE 9 DOF 6
LARGEST INCREMENT OF ROTATION -4.477E-02 AT NODE 11 DOF 6
LARGEST CORRECTION TO ROTATION -1.371E-02 AT NODE 11 DOF 6

MOMENT EQUILIBRIUM NOT ACHIEVED WITHIN TOLERANCE.

Introduction to Abaqus/Standard and Abaqus/Explicit

Dassault Systémes, 2008
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CONVERGENCE CHECKS FOR EQUILIBRIUM ITERATION 2
AVERAGE FORCE 281. TIME AVG. FORCE
LARGEST RESIDUAL FORCE 0.349 AT NODE 11
LARGEST INCREMENT OF DISP. -5.94 AT NODE 11
LARGEST CORRECTION TO DISP. -9.348E-03 AT NODE 11
THE FORCE EQUILIBRIUM EQUATIONS HAVE CONVERGED

AVERAGE MOMENT 4.847E+04 TIME AVG. MOMENT

LARGEST RESIDUAL MOMENT -2.26 AT NODE 5
LARGEST INCREMENT OF ROTATION -4.471E-02 AT NODE 11
LARGEST CORRECTION TO ROTATION 5.353E-05 AT NODE 11

THE MOMENT EQUILIBRIUM EQUATIONS HAVE CONVERGED
TIME INCREMENT MAY NOW INCREASE TO 0.338

ITERATION SUMMARY FOR THE INCREMENT:

2

SIMULIA

179.
DOF 2
DOF 2
DOF 1

2.491E+04

DOF 6
DOF 6
DOF 6

2 TOTAL ITERATIONS, OF WHICH

0 ARE SEVERE DISCONTINUITY ITERATIONS AND 2 ARE EQUILIBRIUM ITERATIONS.

TIME INCREMENT COMPLETED 0.225 , FRACTION OF STEP COMPLETED
STEP TIME COMPLETED 0.575 , TOTAL TIME COMPLETED

Introduction to Abaqus/Standard and Abaqus/Explicit

Dassault Systémes, 2008

0.575
0.575

\\ )]

AR 2 23 M (0

INCREMENT
CONVERGENCE CHECKS FOR EQUILIBRIUM ITERATION 1

AVERAGE FORCE

1.248E+04 TIME AVG. FORCE
LARGEST RESIDUAL FORCE 11

-3.911E+04 AT NODE

LARGEST INCREMENT OF DISP. -14.2 AT NODE 11
LARGEST CORRECTION TO DISP. -5.31 AT NODE 11
FORCE EQUILIBRIUM NOT ACHIEVED WITHIN TOLERANCE.

AVERAGE MOMENT 1.049E+05 TIME AVG. MOMENT

LARGEST RESIDUAL MOMENT -4.323E+03 AT NODE

LARGEST INCREMENT OF ROTATION -0.107 AT NODE 11

LARGEST CORRECTION TO ROTATION -4.037E-02 AT NODE 11
MOMENT EQUILIBRIUM NOT ACHIEVED WITHIN TOLERANCE.

CONVERGENCE CHECKS FOR EQUILIBRIUM ITERATION 2

AVERAGE FORCE 556. TIME AVG. FORCE
LARGEST RESIDUAL FORCE 16.6 AT NODE 11
LARGEST INCREMENT OF DISP. -14.2 AT NODE 11
LARGEST CORRECTION TO DISP. -8.119E-02 AT NODE 11

FORCE EQUILIBRIUM NOT ACHIEVED WITHIN TOLERANCE.
AVERAGE MOMENT 1.044E+05 TIME AVG. MOMENT
LARGEST RESIDUAL MOMENT -42.5 AT NODE
LARGEST INCREMENT OF ROTATION -0.107 AT NODE 11
LARGEST CORRECTION TO ROTATION 1.095E-04 AT NODE 11

THE MOMENT EQUILIBRIUM EQUATIONS HAVE CONVERGED

Introduction to Abaqus/Standard and Abaqus/Explicit

Dassault Systémes, 2008
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SIMULIA

5 STARTS. ATTEMPT NUMBER 1, TIME INCREMENT 0.338 = 4t=154t,

2.638E+03
DOF 1

DOF 2
DOF 2

4.090E+04
DOF 6
DOF 6
DOF 6

254.
DOF 1
DOF 2
DOF 1

4.080E+04
DOF 6
DOF 6
DOF 6

\\ J)
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AVERAGE
LARGEST
LARGEST
LARGEST

AVERAGE
LARGEST
LARGEST
LARGEST

CONVERGENCE CHECKS FOR EQUILIBRIUM ITERATION 3
FORCE 559. TIME AVG. FORCE
RESIDUAL FORCE -28.9 AT NODE 11
INCREMENT OF DISP. -14.1 AT NODE 11
CORRECTION TO DISP. 0.130 AT NODE 11

FORCE EQUILIBRIUM NOT ACHIEVED WITHIN TOLERANCE.
MOMENT 1.153E+05 TIME AVG. MOMENT
RESIDUAL MOMENT 3.833E-02 AT NODE 5
INCREMENT OF ROTATION -0.106 AT NODE 11
CORRECTION TO ROTATION 1.112E-03 AT NODE 11

ESTIMATE OF ROTATION CORRECTION -1.004E-06

MOMENT

AVERAGE
LARGEST
LARGEST
LARGEST

AVERAGE
LARGEST
LARGEST
LARGEST

ITERATION SUMMARY FOR THE INCREMENT:
0 ARE SEVERE DISCONTINUITY ITERATIONS AND 3 ARE EQUILIBRIUM ITERATIONS.

EQUILIB. ACCEPTED BASED ON SMALL RESIDUAL AND ESTIMATED CORRECTION ——

BRARN R ZE LN, HRFEEMR A IEAK. it

CONVERGENCE CHECKS FOR EQUILIBRIUN X/KM/J ; ;
FUGEAR IR e DAL RS 21 IE 2 EL .

FORCE 1.053E+03
RESIDUAL FORCE 1.092E-03
INCREMENT OF DISP. -14.1

CORRECTION TO DISP. -2.092E-04

THE FORCE EQUILIBRIUM EQUATIONS
MOMENT 1.153E+05
RESIDUAL MOMENT -2.910E-02
INCREMENT OF ROTATION -0.106
CORRECTION TO ROTATION -1.875E-06

THE MOMENT EQUILIBRIUM EQUATIONS

2

SIMULIA

255.
DOF 1 3
DOF 2 N
DOF 2

4.299E+04
DOF 6
DOF 6
DOF 6

I'TME AVG. FORCE 357
AT NODE 11 DOF 2
AT NODE 11 DOF 2
AT NODE 11 DOF 2
HAVE CONVERGED
TIME AVG. MOMENT 4.299E+04
AT NODE 7 DOF 6
AT NODE 11 DOF 6
AT NODE 11 DOF 6

HAVE CONVERGED

3 TOTAL ITERATIONS, OF WHICH

TIME INCREMENT COMPLETED 0.338 , FRACTION OF STEP COMPLETED 0.913
STEP TIME COMPLETED 0.913 , TOTAL TIME COMPLETED 0.913
Introduction to Abaqus/Standard and Abaqus/Explicit
Dassault Systémes, 2008
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Z SYEE ) JE)
’ SIMULIA
INCREMENT 6 STARTS. ATTEMPT NUMBER 1, TIME INCREMENT 8.750E-02
CONVERGENCE CHECKS FOR EQUILIBRIUM ITERATION 1 \\ y

AVERAGE FORCE 641. TIME AVG. FORCE 402.
LARGEST RESIDUAL FORCE 74.0 AT NODE 11 DOF 1
LARGEST INCREMENT OF DISP. -3.55 AT NODE 11 DOF 2
LARGEST CORRECTION TO DISP. -0.180 AT NODE 11 DOF 1

FORCE EQUILIBRIUM NOT ACHIEVED WITHIN TOLERANCE.
AVERAGE MOMENT 1.179E+05 TIME AVG. MOMENT 5.547E+04
LARGEST RESIDUAL MOMENT -99.4 AT NODE 5 DOF 6
LARGEST INCREMENT OF ROTATION -2.702E-02 AT NODE 11 DOF 6
LARGEST CORRECTION TO ROTATION 5.186E-04 AT NODE 11 DOF 6
ESTIMATE OF ROTATION CORRECTION -1.594E-05
MOMENT EQUILIB. ACCEPTED BASED ON SMALL RESIDUAL AND ESTIMATED CORRECTION

CONVERGENCE CHECKS FOR EQUILIBRIUM ITERATION 2

AVERAGE FORCE 695. TIME AVG. FORCE 411.
LARGEST RESIDUAL FORCE -0.505 AT NODE 11 DOF 1
LARGEST INCREMENT OF DISP. -3.53 AT NODE 11 DOF 2
LARGEST CORRECTION TO DISP. 1.386E-02 AT NODE 11 DOF 2

THE FORCE EQUILIBRIUM EQUATIONS HAVE CONVERGED
AVERAGE MOMENT 1.309E+05 TIME AVG. MOMENT 5.764E+04
LARGEST RESIDUAL MOMENT 8.716E-02 AT NODE 7 DOF 6
LARGEST INCREMENT OF ROTATION -2.687E-02 AT NODE 11 DOF 6
LARGEST CORRECTION TO ROTATION 1.493E-04 AT NODE 11 DOF 6

THE MOMENT EQUILIBRIUM EQUATIONS HAVE CONVERGED

Introduction to Abaqus/Standard and Abaqus/Explicit
Dassault Systémes, 2008
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ITERATION SUMMARY FOR THE INCREMENT:
0 ARE SEVERE DISCONTINUITY ITERATIONS AND 2 ARE EQUILIBRIUM ITERATIONS.

A I A

7\A

SIMULIA

2 TOTAL ITERATIONS, OF WHICH

\ J)
TIME INCREMENT COMPLETED 8.750E-02, FRACTION OF STEP COMPLETED 1.00
STEP TIME COMPLETED 1.00 , TOTAL TIME COMPLETED 1.00
RESTART INFORMATION WRITTEN IN STEP 1 AFTER INCREMENT 6
THE ANALYSIS HAS BEEN COMPLETED
ANALYSIS SUMMARY:
TOTAL OF 6 INCREMENTS
0 CUTBACKS IN AUTOMATIC INCREMENTATION
15 ITERATIONS INCLUDING CONTACT ITERATIONS IF PRESENT
15 PASSES THROUGH THE EQUATION SOLVER OF WHICH
15 INVOLVE MATRIX DECOMPOSITION, INCLUDING
- o ==t H
ﬂ;ﬁfggéﬁ‘f in'g( 0 DECOMPOSITION(S) OF THE MASS MATRIX
‘?’?E'D“’ " gé fe & 1 REORDERING OF EQUATIONS TO MINIMIZE WAVEFRONT
¥J¢E2§?2éjitf‘{ﬁ 0 ADDITIONAL RESIDUAL EVALUATIONS FOR LINE SEARCHES
E%[t®54jnﬁ$mh‘ 0 ADDITIONAL OPERATOR EVALUATIONS FOR LINE SEARCHES
A 3 WARNING MESSAGES DURING USER INPUT PROCESSING
0 WARNING MESSAGES DURING ANALYSIS
0 ANALYSIS WARNINGS ARE NUMERICAL PROBLEM MESSAGES
0 ANALYSIS WARNINGS ARE NEGATIVE EIGENVALUE MESSAGES
0 ERROR MESSAGES
Introduction to Abaqus/Standard and Abaqus/Explicit
Dassault Systémes, 2008
LR MR B T I 2
St E R I
= SIMULIA

« Abaqus/Viewer = #E ¥4k 2 ET

i~ Job History
=l Job
= Step 1
£ Increment 1
(=] Attempt 1

Iteration 2
* Teration 3

N

Surnmary I ‘Wwarnings Contack I Elements I

m i Variables ‘ |

& Fiel —
- XSt B A R |

" Canstraint ‘

Rotation

[~ Details
Force equilibrium not achieved within tolerance.
Average force: 1250,72

Time average force: 1250.72

PART-1-1.11

IMax displacement increment -1.83974 2 PART-1-1.11

-1.83974 2 PART-1-1.11

EHZATHE, SEEBAL P RCRT
EDVINECINOL: 2 kYl ON X2

Max displacement corrsction

ALK B E

Dismiss. T

Introduction to Abaqus/Standard and Abaqus/Explicit

Dassault Systémes, 2008
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o MBS AR AYE i B I s S A

Introd
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uction to Abaqus/Standard and Abaqus/Explicit
 Systémes. 2008
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o IR SAEHEFINLGEOMSH, W N FIR A
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s REWANBERN—H: 1
Step 2 Step 4 N

Step 1 Step 3

ahE E AT RE

1 VALl HANLGEOMZ ¥ 11t i 43 #r 15

2 PRI TESE— NN A RS RIRES) HSEat . BET 2k
PESRE) 44T

3 Bt oAt TESE— NN A RS (E— AR i) 3
fiti_b 2k 38 H 23 #r28

4 P EEROIE A IGA M GRS sz Lt
1T BN 38
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o RERSERI—I71: 2

. ﬂ%ﬁ)ﬁﬁﬂ%%ﬁﬂ*%ﬂ%%ﬂ@ﬁﬁﬁﬁ‘*ﬁiﬁ, SXRETT LU B R GRS
TER

5 A B S S ~——F F

SWE E

1 hirfif

2 i B R
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JIRERE X
*STEP, NLGEOM

STEP 1: STRETCH CABLE
*STATIC

*CLOAD
cro BRARHR A MR, A

13, 1, 500. «——— i b A%,
*RESTART, WRITE

*NODE FILE

U

*EL PRINT

S, MISES, E

*NODE PRINT

U, RF, CF

*END STEP

* %

*STEP, NLGEOM

STEP 2: DEFLECT MIDPOINT
*STATIC

.1,

*BOUNDARY .:| B S S
7, 2, 2, -

*END STEP

\mroductlon to Abaqus/Standard and Abaqus/Explicit

stémes, 2008

2

SIMULIA

N

*STEP, NLGEOM, INC=200

STEP 3:RELEASE & SEE VIBRATE
*DYNAMIC

** use fixed time incs for

** this example

*%k dtinit ttot, dtmin, dtmax
.0002,

*BOUNDARY .:| All previously specified boundary conditions are

1, 1, 2 removed, and the pin and roller conditions are
13, 2 rgdefingd. The midpoint deflection is removed
*PRINT, FREQUENCY= e it is not redefined.

*EL PRINT, FREQUENCY=0

*NODE PRINT, FREQUENCY=0

*END STEP

Introduction to Abaqus/Standard and Abaqus/Explicit

Dassault Systémes, 2008
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SUMMARY OF JOB INFORMATION:

7
IR (jobid. sta) i 4 T FIG A S .

SIMULIA

\

STEP INC ATT SEVERE EQUIL TOTAL TOTAL STEP INC OF DOF
DISCON ITERS ITERS TIME/ TIME/LPF TIME/LPF  MONITOR RIKS
ITERS FREQ
1 1 1 0 2 2 1.00 1.00 1.000
2 1 1 0 2 2 1.10 0.100 0.1000
2 2 1 0 1 1 1.20 0.200 0.1000
2 3 1 0 1 1 1.35 0.350 0.1500
2 4 1 0 1 1 1.58 0.575 0.2250
2 5 1 0 1 1 1.91 0.913 0.3375
2 6 1 0 1 1 2.00 1.00 8.7500E-02
3 1 1 0 1 1 2.00 2.000E-04 2.0000E-04
3 2 1 0 1 1 2.00 4.000E-04 2.0000E-04
3 3 1 0 1 1 2.00 6.000E-04 2.0000E-04
3 195 1 0 1 1 2.04 3.900E-02 2.0000E-04
3 196 1 0 1 1 2.04 3.920E-02 2.0000E-04
3 197 1 0 1 1 2.04 3.940E-02 2.0000E-04
3 198 1 0 1 1 2.04 3.960E-02 2.0000E-04
3 199 1 0 1 1 2.04 3.980E-02 2.0000E-04
3 200 1 0 1 1 2.04 4.000E-02 2.0000E-04
Introduction to Abaqus/Standard and Abaqus/Explicit
Dassault Systémes, 2008
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Abaqus (1 5 3 54 psmum.

. EREFCHRT \
o BEEIEAHTSRR R AT Y

o AR AT EER A LA R B R A
o K34 1I//4F|/LH/J11 I E R .
o WA R AR, BRI AL
o AEMEAREILSA
o ELANIHMZ G, HERE R
o TERRRRIN R AT 45 R
o fESUIFE: AT, B i EdERE S

H it o

7£ Abaqus/Standard 1 Abaqus/ExplicitZ [i] 4% 2 %3 .
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Abaqusi {115 121 7 22 i
+ Abaqus/Standard ) E B 3]
*RESTART, READ, STEP= , INC= , END STEP, WRITE, FREQUENCY= , OVERLAY N
« READ, STEP, f1 INC M 24T 16 72 2 AT 20 Al e 3 25

BEIE RS R (BRAME AN LE—A0
RO EVEESIEACar i e {C R

« END STEP TEHUE B SR 5 A A
H.
+ WRITE 1 FREQUENCY NIRRT, i EE RS B

PR, WRWRITERRE, =EshEE
TE T AR B S H

+ OVERLAY ikAbaqus R 5 Hifx J5—H E JH 33
. (EFGNHHPPRRE—HER
EAE. O

Introduction to Abaqus/Standard and Abaqus/Explicit
Dassault Systémes, 2008
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« Abaqus/ExplicitH i & & Sh .

o TERESEMIAHTR . Abaqus/Explicitity FJ5 2 S0k SV AT A AN
??ESZ CELJA B s BRI Bg D, JF HAE 2 5 B2 B b B3R sh R4k 820y

o WRFEE TR s Abaqus/Explicit BN, 75 SR ORI AR H A 3)
AFREE

* Abaqus/Explicit® J& 3l 53 T ) 7] 7% 5 Abaqus/Standard 7 A A 7] -

*RESTART, READ, STEP=P, INTERVAL=Q

« FHEEIF, YD PIERQAN ARG, 74T EHE 3.

Introduction to Abaqus/Standard and Abaqus/Explicit
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abaqus job=job-name oldjob=0ldjob-name b
|
name of the name of the
new input file restart file
created by the
previous run
o FEERBHTE, W LSRR A A
o MEAEE X
o TR
. LA
\mrodupuon I,O Abaqus/Standard and Abaqus/Explicit
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” ShAN
Abaqus ¥ 5 5 5 7 #r SIMULIA
« RN —I78:3: BRI
A

Introd
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AbaqusH {5 5 3 7 it

*HEADING
READ SOLUTION AT END OF STEP 1 AND CONTINUE
THE VIBRATING CABLE SIMULATION

*RESTART, READ, STEP=1, IN=1\
* %
NJE G653 BT A T S B SRR

*STEP, NLGEOM !
¢ 15 ORI AB LI
STEP 2: DEFLECT MIDPOINT MBS D LR

*STATIC

1, 1.

*BOUNDARY, OP=MOD

7, 2, 2, -1.

*END STEP

* %

*STEP, NLGEOM, INC=200
STEP 3: RELEASE & SEE VIBRATE
*DYNAMIC

.0002, .04

*BOUNDARY, OP=NEW

1, 1, 2

13, 2

*END STEP

Introduction to Abaqus/Standard and Abaqus/Explicit
assault Systémes, 2008
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Time, s

Blowdown force, bursting diaphragm

Pipe: assembly,
outer diameter = 114.3 mm (4.5 in) mass = 106.8 kg
wall thickness = 8.5 mm (0.3370 in) (061 Ib s%/in)

T 486.2 mm
(19.01n)

3 _L |
N

| 2.286 m -

itial
[ {©0.01n) hytiad
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“Detroit Edison pipe whip experiment,” Abaqusfi+
Ft2.1.27%
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coolant manifold
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fluid flow
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CONNODE '

Initial configuration ,!/.
Master surface

Configuration after adjustment

Master surface
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o TEAT LA, BERRT LR S SR, DU E (TR 3 7N
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55
by H ps:MUL!A

« FEfE*CONTACT OUTPUT. *CONTACT FILEEE*CONTACT PRINTETR

ZJa, AR B s BAR R AT A . N

- XfFAbaqus/StandardFflAbaqus/Explicit:

o JEfihR /7. CSTRESS (#fil /5 /JCPRESSHIEEHE T ) N /JCSHEARL
Hl CSHEAR2)

« X}TAbaqus/Standard, i&7]LA1FE):

o JEMbf7F2: CDISP (3l 5k T #E 2 COPENAIAH X ] 32 5 CSLIP LA
CSLIP2)

« XFAbaqus/Explicit, & A] LA
o JHBhE: FSLIPR
o RIFHIMEBhEEES: FSLIP

tion to Abaqus/Standard and Abaqus/Explicit

2008

2
< A
Bt 23
o BfldH AL
N,
WHEE
CAREA % i b SR SR T 1 4 R TR
gFg FH M J 2 T 4 o e g AR PR BT 1 4% 1 5 RS I 40 g 1) i
F
CMN tH M B T L ful e ) R BE R BT R ) % F SRR 6T i A s
CMS )
CFT CFN 1 CFSH[i & A
CMT CMN F CFSH] i &0
XN FARRR, BT b ARl R 0 i s i A S A %
XS FUARKR, BT 1[0 BEHE S 5HZ S AR B A N %
XT FUARRR, B ETHT 1 A Ffd FE R B 9 6% s (R A S RN &
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» a DS
: Pefuhdan aarui
o lhn. PRI R P AL E B
NV
total force upper body
master surface transmitted
(patch 2) slave surface
total force
transmitted
{patch 1)
total contact area
‘\ (patch 2)
total contact area
lower body (patch 1)
total force = total force of patch 1 + total force of patch 2
total area = total area of patch 1 + total area of patch 2
total moment = total moment of patch 1 + total moment of patch 2
Introduction to Abaqus/Standard and Abaqus/Explicit
2
NS ¥ e gin] S
el DSIMULIA
+ 5 Abaqus/StandardH Bl s HTAHICH),  FH T AR B 9T VRS R S B R A
HEikIin: N

*PREPRINT, CONTACT=YES
o FETRALFIEFEAT, 2 H1HT BN H SCrR o
o 2y HH Y B AE B2 i B R A
o HERET/NE SR RS, A - AT R A AR A
o PRI R T R SORIAR LB fih B 1E i ik
*PRINT, CONTACT=YES
o FESPHTIEAR A, TR RS
i h e v gEdib i
 HF ot e Bt S R e B A U )

Introduction to Abaqus/Standard and Abaqus/Explicit
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> ds Ay B ps:MULrA

« R

1. @ WA 3 T 20 o B g — g
IEHS, FFEEAT M.

2. W HRIARTANG S,
ANERMAZAY) -

3. I EERMART, X9t —
SEINZIH
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+ fEAbaqus/Standard $->contactiE X AT AR I HE 4 Ji7E step 2 T
o BEf7E S BT AR AT LA F +MODEL CHANGE M WUSiE s Al - |

*MODEL CHANGE, TYPE=CONTACT PAIR,
surface_1, surface_2

Introduction to Abaqus/Standard and Abaqus/Explicit
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7 f o Master/Slavesi X v BE-4 & i AN

o BRI R %A M

g%ﬁﬁﬁﬁﬁ?ﬂi 0 Master Surface N

./ Master Surface
o Ln SR A B AR j
8L, M BRI B

%ﬁ?%%ﬁﬂﬁ

Incorrect Correct
Master surface placed on fine mesh =  Master surface placed on coarse mesh =
Gross penetration into slave surface. Minimal penetration into slave surface.

2]

Introduction to Abaqus/Standard and Abaqus/Explicit
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2

S
7t Abaqus/Standard ' CONTACT /il DS,MUL,A

o T A BT INZI
N CE 2. ENC LTy v N

o BRETHM T, Abaqus/Standard i Hi kg B H £ 5 72,
SRR G VN e NN 2 N SRR

iR
h(ut,u?,u?,..) <0,

Hrpth oy “&2417 . uN NEBE

Introduction to Abaqus/Standard and Abaqus/Explicit
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7t Abaqus/Standard+ CONTACT ! Uil
« ANESARENEEE (RURED

NV
iR GE
&
é
: i ) D 152 BERAR S ]
Newton
IEA
’ SR R
____________________________ () i
No Yes
(8 8B KNI (B SR (TS A 2=
HHRAE) T A2) )}
Imvrr?d"f_c“;on ;o Abaqus/Standard and Abaqus/Explicit
y 75
I 1
- 7 Abaqus/Standard#' CONTACT /)l ol
 BAREMED: (SEZRNKEERD
N\

@ FEERHITEARRS (BREekI)

« XT NN AR, R TAIGEER RS, S, ET
KA

© NI, R RO R M . B RS IR R

© fib IR T S AR A
+ PR RTINS S SERS N A%

o HR AR A B2 7 AR IR AR 1L 0 ™ EANESEAR(SDIS)
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A
7& Abaqus/Standard'CONTACT 1l DS/MUUA

(. e e

o BRIAM, Abaqusitik 5 SDIsCHEMBEMAAI . F8E Y T etk N4
AT BT 50N BES B

o LR T HOTE A3 5 2 RISR ARG TEAR /N A R B P i
o AR BECIR S I 4% P 4 1 S I, S AN B 52
© ERAEEFSL, TR ?
« Abaqusfli B, it Sk BRSSO R, DA
75 4 AR BN 2K T
o WISEET AR, T T @A A L RIIRE , E R R G
O, P N R D A

Introduction to Abaqus/Standard and Abaqus/Explicit

Dassault Systémes, 2008

2

S
7t Abaqus/Standard ' CONTACT /il DS,MUL,A

o EEMRIT EnER AT
« Z%#: Example Problem 1.3.4, “Deep drawing of a cylindrical cup” V)
o RE (Lsta) XM .

SUMMARY OF JOB INFORMATION:
MONITOR NODE: 200 DOF: 2

STEP INC ATT SEVERE EQUIL TOTAL TOTAL STEP INC OF DOF IF

DISCON ITERS ITERS TIME/ TIME/LPF TIME/LPF MONITOR RIKS
ITERS FREQ

1 1 1 1 1 2 1.00 1.00 1.000 0.000

2 1 1 0 1 1 2.00 1.00 1.000 0.000

3 1 1 10 0 10 2.01 0.0100 0.01000 -0.000600

3 2 1 7 1 8 2.02 0.0200 0.01000 -0.00120

3 3 iU 10 0 10 2.02 0.0200 0.01500 -0.00120

3 3 2 5 0 5 2.02 0.0238 0.003750 -0.00142

3 4 1 3 1 4 2.03 0.0294 0.005625 -0.00176

3 5 1 2 3 5 2.04 0.0378 0.008438 -0.00227

3 6 1 4 1 5 2.05 0.0505 0.01266 -0.00303

3 7 1 4 1 5 2.07 0.0695 0.01898 -0.00417

3 8 1 6 1 7 2.10 0.0979 0.02848 -0.00588

3 9 iU 8 0 8 2.10 0.0979 0.04271 -0.00588

3 9 2 4 3 7 2.11 0.109 0.01068 -0.00652

3 10 1 2 3 5 2.12 0.125 0.01602 -0.00748

3 11 1 4 2 6 2.15 0.149 0.02403 -0.00892

Introduction to Abaqus/Standard and Abaqus/Explicit
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7t Abaqus/Standard+ CONTACT !

« Message3(f#, Step 3, Increment 6:

INCREMENT

6 STARTS. ATTEMPT NUMBER 1, TIME INCREMENT 1.266E-02

CONTACT PAIR (ASURF,BSURF) NODE 167 IS NOW SLIPPING.

CONTACT PAIR (ASURF,BSURF) NODE 171 IS NOW SLIPPING.

e

*PRINT, CONTACT=YES, 44154 ENfiit

(R THRAE B AL ER AR A )

CONTACT

CONTACT

CONTACT

CONTACT

CONTACT

CONTACT

PAIR

PAIR

PAIR

PAIR

PAIR

PAIR

(ASURF , BSURF) NODE
(ASURF , BSURF) NODE
(ASURF , BSURF) NODE
(ASURF , BSURF) NODE
(CSURF,DSURF) NODE

(ESURF, FSURF) NODE

153 OPENS.
161 OPENS.
163 OPENS.
165 OPENS.

363 OPENS.

CONTACT PRESSURE/FORCE
CONTACT PRESSURE/FORCE
CONTACT PRESSURE/FORCE
CONTACT PRESSURE/FORCE

CONTACT PRESSURE/FORCE

309 IS NOW SLIPPING.

%

SIMULIA

\

AT

SDls.

R, M H Lagrange
BEREUR AR RS I, Kk

-845822. .

Is

IS -1.50656E+006
IS -108355..

IS -620880..

TBE AR s o
AR B 5]
- SDI

IS -3.5893E+006.

6 SEVERE DISCONTINUITIES OCCURRED DURING THIS ITERATION.

5 POINTS CHANGED FROM CLOSED TO OPEN

Due to S||p reversal — 1 POINTS CHANGED FROM STICKING TO SLIPPING

Introduction to Abaqus/Standard and Abaqus/Explicit

Dassault Systémes, 2008

7 Abaqus/Standard'l'CONTACT 1 I

+ Message3(fF, Step 3, Increment 6 (cont'd):

MAX. PENETRATION ERROR -8.16193E-009 AT NODE 331 OF CONTACT PAIR (ESURF,FSURF)

MAX. CONTACT FORCE ERROR -4369.44 AT NODE 363 OF CONTACT PAIR (CSURF,DSURF)

CONVERGENCE CHECKS FOR SEVERE DISCONTINUITY ITERATION

AVERAGE FORCE

LARGEST RESIDUAL FORCE

LARGEST INCREMENT OF DISP.

LARGEST CORRECTION TO DISP.

FORCE

AVERAGE MOMENT

ALL MOMENT

EQUILIBRIUM NOT ACHIEVED WITHIN TOLERANCE.

RESIDUALS ARE ZERO

LARGEST INCREMENT OF ROTATION

LARGEST CORRECTION TO ROTATION

THE MOMENT

5.393E+03
-1.110E+04
-7.782E-04
-1.737E-05

1.853E-33
6.489E-34

Introduction to Abaqus/Standard and Abaqus/Explicit

© Dassault Systémes, 2008

THE ESTIMATED CONTACT FORCE ERROR IS LARGER THAN THE TIME-.

1

/775

SIMULIA

FERUIRAS s S Ao
i
D FORCE.
TIME AVG. FORCE 3.147E+03 P A
AT NODE 333 DOF 2 S'Z@I E"] qﬁ("\é(‘lﬁ:‘*ﬁ ﬁ
AT NODE 329 DOF 2
AT NODE 337 DOF 2
AMUAEFEfMIAARZE R, 10 HAE )
RSP Al A A 5
TIME AVG. MOMENT 89.8
AT NODE 100 DOF 6
AT NODE 300 DOF 6

EQUILIBRIUM EQUATIONS HAVE CONVERGED




Introd

7t Abaqus/Standard+ CONTACT !

« RENRBOMOIEN; FIZRERSDIs (BEERMAHE)

o FERJEKEA P EMAF R ERET, SRR

CONVERGENCE CHECKS FOR SEVERE DISCONTINUITY ITERATION 2
CONVERGENCE CHECKS FOR SEVERE DISCONTINUITY ITERATION 3
CONVERGENCE CHECKS FOR SEVERE DISCONTINUITY ITERATION 4
CONVERGENCE CHECKS FOR EQUILIBRIUM ITERATION 1

25

SIMULIA

o

MAX. PENETRATION ERROR -1.38869E-014 AT NODE 331 OF CONTACT PAIR (ESURF,FSURE|
MAX. CONTACT FORCE ERROR -0.00111133 AT NODE 331 OF CONTACT ¥AIR—(ESURF FSURF|
THE CONTACT CONSTRAINTS HAVE CONVERGED.

No SDIs in
this iteration

AVERAGE FORCE 5.244E+03 TIME AVG. FORCE 3.123E+03
LARGEST RESIDUAL FORCE -9.24 AT NODE 367 DOF 1
LARGEST INCREMENT OF DISP. -7.809E-04 AT NODE 129 DOF 2
LARGEST CORRECTION TO DISP. 4.229E-08 AT NODE 137 DOF 2
THE FORCE EQUILIBRIUM EQUATIONS HAVE CONVERGED

AVERAGE MOMENT 109. TIME AVG. MOMENT 89.0
ALL MOMENT RESIDUALS ARE ZERO

LARGEST INCREMENT OF ROTATION 1.925E-33 AT NODE 100 DOF 6
LARGEST CORRECTION TO ROTATION 2.049E-35 AT NODE 100 DOF 6

THE MOMENT EQUILIBRIUM RESPONSE WAS LINEAR IN THIS INCREMENT

uction to Abaqus/Standard and Abaqus/Explicit

It Systémes, 2008

N

7 Abaqus/Standard'l'CONTACT 1 I

- WERHE:

ITERATION SUMMARY FOR THE INCREMENT: 5 TOTAL ITERATIONS, OF WHICH

4 ARE SEVERE DISCONTINUITY ITERATIONS AND 1 ARE EQUILIBRIUM ITERATIONS.
CURRENT VALUE OF MONITOR NODE 200 D.O.F. 2 IS -3.028E-03
TIME INCREMENT COMPLETED 1.266E-02,
STEP TIME COMPLETED 5.047E-02,

FRACTION OF STEP COMPLETED 5.047E-02
TOTAL TIME COMPLETED 2.05

Introduction to Abaqus/Standard and Abaqus/Explicit

© Dassault Systémes, 2008
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l vS
7t Abaqus/Standard} CONTACT )l DS/MUUA

« Abaqus/Viewer i {13242 bt

Il Job Diagno!

- Job History ————————————
ob History Surmary | warnings | Res\dualsE\ements |
ob = L

[ Sumenary T [ e ZySRENTT ORI RS

\

i . Bk
=1 step 3 Paints now slipping: 19
Increment 1 Masimum contact Forcs errar; 1 | | [M2imum contact Farce ervor

Maximum penstration srror
Maximum penetration error: 1

Increment 3

ncrement 4

Increment 5

[ Increment & Master
=] Attempt 1 A i

[ Details

+ Tteration 2 (SDI)
Iteration 3 (SDI)
+ Tteration 4 (SDI)
- Iteration 1
ncrement 7

Increment 8 -
laJ I» [¥ Highlight selections in viewport]

3 /SR R s I erte |
Pt e ————————

-

Introduction to Abaqus/Standard and Abaqus/Explicit
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» Wik DS}ISWUL!A
o H M A R S R 2 \
. RS EA | <

- fRiFS%

- LM FE

+ Abaqus/ExplicitflAbaqus/Standard Lt
« JEREFNI1EHIT

° 2}@6: ﬁ]j]%é
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- P aE AR N B ) A L ps}}aw.m

o LSRR KR, JEEBER IR, R R 7 2 1
o TEGERTR, W R AN R LA N
o SRS 125 6 L BIE B AR L I LA T R
o USRI LA, HE RSN, WS AT LA AR R A .

o A, BOREEORHMRIEREST, (R LU i AR B, RV A
T BN (AR AL NS CEetn, BSOEATD

o HI, B yARE i AT DLE AU AT A R T

Introduction to Abaqus/Standard and Abaqus/Explicit
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v Tl 23
. FIPH
o RTIE, E I AR A T R ) M
MU+1-P=0
d 'ﬁ‘&

o M (R EHFE) X E A H
o LRI P AR T AT RS RS, (HR S R S UL,
o XFE, RGELTIEZ M, JEORLEFERUEEE | F1 P,
o i 1 =Ku+Cu, Her K (RIJE) M1 C (FLJE) AW %, 18R,

Introduction to Abaqus/Standard and Abaqus/Explicit
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C BTSRRI R, FAT AT T . g

o MGREMSE —T—ME B A —R e, T REALIE A R o
k.
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Ltz 1% SsimuLIA

o BRIRET
o WIRFEF R REIRSIE, 2% hERIE (IR £HTF. N
« Abaqus/Standard [{1*FREQUENCY i Fi Fl T4 EUTCHLJE B S tHiE :

Mu + Ku =0.
o RRIEEABESTREE TS50 B BRI B A5
o WRATH JUATAELRYE, L TH SRR (B 2 B0 () TR s e 2 R

o WIRIEFSTEPLI 1 # TINLGEOMZ %, Abaqus#s it N 045 TiE 2%
JURTAEZR M R B RS2 (FRE KA FTmk) o

Introd
Dassaulf

i 2

2B )2 SIMULIA

uction to Abaqus/Standard and Abaqus/Explicit
it Systémes, 2008

o FF O FRSRFAEAE PRI B, AT =P REAE R SR AR
- HEERATERE (AMS) N\
o MR ERE RRFIEE I AMS 2 5 i BT SR A 4%
+ AMS & Standard 3R fif 2% H 84T i1 77 7%
+ Lanczos (ZRi\)
o SFFARKHIBEAL, {#HSIMZ
o T[EEACR A
o ZEMTTDURTCLIRN, Wl LR RN,
o WP, W LLELE TE R R

*SIMES F R — AN ik 1 2k 3l 71 2 454
Introduction to Abaqus/Standard and Abaqus/Explicit
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28 MR 7 =
L2l ) SIMULIA

« BIF: REHLE RISRIRREL
« PL107 s DY A B s @8 (C3D10).
o ZRPPEMRIEEAY
o AR
o EERPEATLIR.

Introduction to Abaqus/Standard and Abaqus/Explicit
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o %

CauRmpakcs SIMULIA
[ comrpme |
.« AP X | 11 TSIy |
*STEP N
*FREQUENCY , EIGENSOLVER=LANCZOS, SIM
RRBER |, 100, 1., _,
= ] [ rmAmS ez s g e 2 2% TAMS |

R [ B H2 RS EI00M B |

*OUTPUT, FIELD ) N
A s, M T RERSE

*NODE OUTPUT )

U

*END STEP

HE: NHEIERERESH 18 R RN

Introduction to Abaqus/Standard and Abaqus/Explicit
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* B L08R R AR FI AP -

' Mode 1 ' Mode 2 ‘ Mode 3

' Mode 4 !l Mode 5 Ol\/lode 6
‘ Mode 7 ‘ Mode 8 Mode 9 ' Mode 10
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LR 772 %?WLM
. EAEN
o SRR I T BEAS SR AR el S R AT AP TS ba
BN A

« BB
o TERPIA TS A 2 LS ) A
o W DU ERER .
- AT
o HER B 51 R 1 B A Y
o W RUE B
o WML BT
o VHEIE B IR AR o
o BEALIE 3 A
o THEERENLIE SR M N o
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L5 g psmqu

.« REHIIE

© TR RO RZIEAO . IR PO, e
CloZS EXNUE ¥}

o I, GORIIR B S B RRFIE RS AR o

o CUERHTRIBWISEIN, STEADY STATE DYNAMICS 2 TR fftiz )
KLt sh 15052

o FARENFIEE AT BT = R
- HEE
- BTHES
© TEREY

uction to Abaqus/Standard and Abaqus/Explicit
t Systemes, 2008

Introd
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>
Ul 172 25
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« BT BB EIEBBUE ‘
o WETURCHR AR N . N

o JEINTE S S ST B
VAT 5 A o

Rty Elinprke Sl

« % Example Problem
3.1.3, “Subspace-based

steady-state dynamic tire
analysis.”

BT LA A e T e A8

uction to Abaqus/Standard and Abaqus/Explicit
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Zetkah 11
- TP

*STEP, NLGEOM=YES
*STATIC
*BOUNDARY
RIM, 1,
ROAD, 1,
ROAD, 4,
*DSLOAD
INSIDE, P, 200.E3
*CLOAD

ROAD, 3, 3300.
*END STEP

3
2
6

Introduction to Abaqus/Standard and Abaqus/Explicit

Dassault Systémes, 2008
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WV,

F S TR
(“footprint” step)

/s

T

Letkah 75

*STEP

*FREQUENCY , EIGENSOLVER=LANCZOS

20
*END STEP

A

SIMULIA

WV,

/ T TR KRR

*STEP ,NLGEOM=YES
*STEADY STATE DYNAMICS,

SUBSPACE PROJECTION=ALL FREQUENCIES,
INTERVAL=EIGENFREQUENCY, FREQUENCY SCALE=LINEAR

—[80,30,3

*CLOAD
ROAD, 3,2
*END STEP

o]

Introduction to Abaqus/Standard and Abaqus/Explicit
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2

Displacement (mm)
5 2

e’;\ H
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80 9 100 110 120 130
Frequency (Hz)

o
2

e
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D SH G T B
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© BEETTEARINEIR S
o ARZRAEEN Jy 2 i LR BN B B T REREAT EAEA Y

IR CERTTEED R 77 R IR 13l 72 VT R AR Bl —
INRE A e N 321 N 7 & g i

o IR B TEIRR A3 3R fif 2R GE 0 20 7 R4
o W3RN R 30X L T FE A 1 7 V20K X 4 Abaqus/Explicit

Abaqus/Standard.
« Abaqus/Standard{{i HHNewmark#1/3777%, Abaqus/Explicitfli i H.»
Ly iE

Introduction to Abaqus/Standard and Abaqus/Explicit
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» Abaqus/Standard
o MM kSR, BasXJ7:: Hilber-Hughes-Taylor (HHT)AR \"”
o XML INewmark T %
o PR DR RS 1% 7 V2 RE A K I A TR R
. ?g%fﬂz% AR WM R R, OF BARUA R
« Abaqus/Explicit
o FEH BOREER . BRI T

o N RAEREN— NG AR RN T E IR ER, AR
HAA AR
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* B3N EEE

« Abaqus/Standard \ﬁ"

o FEMTEK R, SRFEAE OR8PS KM BHAFTOL) [ R/M%
Il RETE 511D PN

P exact solution
calculated solution

TEH RN s 38 SR R ﬂ\\ /\‘/A/- at end of increments

t

SRR G RIRED
B RS N R T AT

o RIRIFERG R M2 S RIRETESE AL/ 2 WIS GERSARD o

Introduction to Abaqus/Standard and Abaqus/Explicit
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AR5l 12 SIMULIA
o BRSNS, *DYNAMICIE T HAFTOL S ¥ il B 3h i 1a]
BRI B N

o FHEAEEBCAT DAS RS A AR

o XMTFIERER RS, HHHAFTOL =F to 10F , Jirf F s dhry
AT KT

o X THEEN RS, #HHAFTOL = 10F to 100F .
o WIRTREHE SR, TEHENE UL E RN
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™ Show previously created interactions and ties
Narme filter: TILI
Separationl Type | slidingl i [ Property | Admﬂ
Interaction Finite  Surf-Surf Friction01  Off
Interaction Finite  Surf-Surf Friction01  OFf
CP-3-Rotor-Adapter  4.375 Interaction Finite  Surf-Surf Friction01  OFf
CP-4-Rotor-Adapter 1,375 Interaction Finite  Surf-Surf Friction01  OFf
CP-S-Rotor-Adapter 3 Interaction Finite  Surf-Surf Friction01  Off
CP-6-Rotor-Adapter 3 Interaction Finite  Surf-Surf Friction01  OFf
CP-7-Rotor-Adapter 2,625 Interaction Finite  Surf-Surf Friction01  Off
CP-8-Rotor-Adapter 3 Interaction Finite  Surf-Surf Friction01  OFf =

[V Highlight in viewport: |Selected pairs |

master [l Slave [ Search domain []

Find Contact Pairs I OK | Cancel ‘
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M Edit Multiple Cells x|

Interaction property: &

€ Frictionless

OK Cancel

o ERIFIRER
o HEmEEREE
o BTSN AT (KA

Add...
Merge
Suppress
Resume
X Delete
Select All

Switch Surfaces
Recalculate Separation CH+L

Create Property...

Edit Visible Columns... Ct+H

ault Systémes

o' Apply Cancel

¥ Separation
™ Master surface name

I~ Slarve surfacs name
I™ Master instance name
I” Slave instance name
¥ Tvpe

I¥# Sliding

IV Discretization

i Property

[ adijust

™ create step

|

Alt+A

CtH+G

o |
g Rules applied upon locating a i pair

CtH+D P

iR I™ Use tie constraints when the separation value does not exceed:

4+
CHew ™ Set tie position tolerance to separation value when nonzero
I™ Adjust separated interactions by the separation value
CH+Y IV Adjust interactions to remove overclosure

x|

Cancel

e
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Search Options | Mames | Entiies | Rukes  Advanced

Introduction to Abaqus/CAE
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¥ Merge pairs when surfaces are within angle: (20

qglude overclosed surfaces

@ He opposing surfaces that do not overlap
eerEshed geometry, locate pairs using: |Geametry VI

Default search parameters: E‘ S QTR

Contact Pairs {0 new candidates)

™ Show previously created interactions and ties
Mame Filter: Tip ¥ _f

Name | Separatiunl Type | 5Iiding| Discretiz

B B Rl BRI 5

Z%;

SIMULIA

N

Search Options | Mames | Entities | Rules  Advanced

[¥ Merge pairs when surfaces are within angle: |20

¥ Include overclased surfaces

de opposing surfaces tha%dn nat overlap

shed geometry, locate pairs Using: |Geometry |
Defaulk search parameters: Reset | Save Current

Contact Pairs (2 new candidates)

[~ Shaw previously created interactions and ties
7

Hame fiiter: Tip . «
Separation| Type Sliding | Di

Interaction Finte S
S

Name E

t-1-mest
CP-1-Part-1-mes

Interaction Finite
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B TR FAE R %AF psiMw..m
- MBMEE X

o TEE BT RIIL S T LABE A I () AR S A IR e AR o N

B ? Ficlds ._1‘ H]-u‘

Bl e e WL 7 SLBETT WL 5% )25
-[5 BCs Create... g V] S 4 kI
L T - T AT LA S B TR«

- B RemestmIRIT——————T——

Ml Create Amplitude B3 Mo (A
Type: Tabular
Mame: |&mp-1

SO -
& Tabular Smoathing 4

" Equally spaced

 Perindic Amplitude Data | Baseline Correction |
" Modulated
Time/Frequency I Amplitude I
 Decay
o 1 0.0000E-+00 0.00000
- Solution dependent 2 0.6000E-08 0.00733
S 3 0.1200E-07 0.02290
4 0,1500E-07 002950
5 0.2400E-07 0.00777
6 0.3000E-07 -0.05902
i P P M P
CreateflIEdit 7 0.3600E-07 -0.17276 -?-W"o e ods o oz oz eae
Amplitude STEAE ] 0,4200E-07 031773 ’ ' ’ .

Time 20|
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- @ Zonnector Sections i (s
= F Fields ey
- & Discrete Fislds g
b(£9) 2inalctical Fieldg
Switch Context Ctr4+-Space
Create...
s Filter... Fz
[Ly Predsfined Fisids
I 2

*#1 % Abaqus/CAE User's
Manual H SZFEfE T 3% 1 3 A
T A B

o IR AR BRINp U AR BN AS O3 A B A
o ULEH: Input SCHFIE S *DLOADISE Il ™ A
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« Example: MRMEZILKIEHBA

Step:
Il Create Expression Figl

I 10%4 4442

A

SIMULIA

I

Mame:  Load-1 \4’

Type:  Pressure
Skep-1 (Static, General)
Region: (Picked)

Mame: ILinearFie\d

Distribution: [} LinearFicld »|  create..
Descripkion: |10x+4z I J _I
- Magniuder

Amplitude: I(Ramp) ¥ create..

Enter an expression by typir
Note: Parameter names an
Exampls: 2.5%% + pow(¥,3)

Laocal system:  {Global
Local system type: Rectang

Parameter Names —— OK Cancel
4 + ]
v -

«

!
U
pi

-

z

O Cancel
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. Example: EAbaqUS/CAEEP%Xi‘Zﬁ%Dm x|
5’?’%1&1: Hame: [Load-1

LG (LRI | P P
BRI 25 Y s

ategory i~ Types for Selected Step

& Mechanical Concentrated force

© Thermal Ioment

ﬁéﬁﬁ)ﬁf E‘]éﬁﬁﬁ s Shell edae load

€ Fuid

%&ﬁu@ Surface traction

€ Electrical

Pipe pressure
E“: F]\t\u:\.u.ull e € Mass diffusion Body force
[ amplitodes
G C Other Line load
.'I aravity
Switch Cankext Chrl+Space Bolt load
- Prec  Manager... Generslized plane strain
By Rem  create.. Ratational body force
15 skt Filter... F2 Coriolis Force
Modehl —————————————

Connector Force
Connector moment
Inertia relief

Continue. . cancel |

Create Load XJiEHE

Introduction to Abaqus/CAE
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Ml Create Surface x|
Mame: IhUIE

Type

& Geo

Warning: Native mesh surfaces

Ml Create Surface x|
Hame: [hole o

Type

© Geo

Warning: Mative mesh surfaces

SIMULIA

metry (" Mesh

will b invalidated if
the mesh changes.

metry (% Mesh

will be invalidated i
s,

! RN SE IR GE

3. GfERGT (BOLARRM
NENTRE R, E5E,

BEILR, — S rb
ARt 2k . I T EMEH
PP 7 SCHR W e A 2
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N
Mame:  Load-1 i
Type:  Pressure
Step:  Step-1 (Static, General)
Region: (Picked)

Distribution: |Uniform hd Create...

Magnitude: [450
Ampliude:  |(Ramp) x| create..

Ok Cancel
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o FERLR, BRI U H SRR RIS AR ATl b FEJE AR Al
AT DM AT K 5E o

o Lot WTRASCR A R, B R AT TR

i Boundary Condition Manager

N

Name Initial Establish contact | Remove right constraint | Holder force| Establish contadt |1

CenterBC Created Propagated Propagated Propagated Fropagated Mave Left

MidLeftEC Propagated Propagated Inactive Inactive Move Right
MidRightBC Created Inactive Inactive Inactive

RefDieBC Created Propagated Propagated Propagated Propagated M
RefHolderBQ) Created Propagated Modified Propagated Fropagated [DEeactivate

RefPunchB(] Created Fiopagaled Fiopagated [ Modiied | Mocfied

Move punch Edi...

Step procedurs:

Static, General

Boundary condition type:  Displacement/Fotation
Boundary condition status: Created in this step

Create...

Copy...

Rename..

Delete. .

Dismiss

WA EEAS

Systémes, 2008

y

BT AT AIR AT

o B AL S A BEAB SRR ERE B BR

o BEMBHITC 2 M BT AN AL 5 ROR

Dassault Systémes, 2008

Ml Load Manager [ <]
[ Mame [ step-1 [ step-z [ step-3 [\ Ede. |
o sideload 1 Created Propagsted  Propsasted | e o
X sids load 2 Created Propagated  Propagated
23, 23, Mave Right
~ topload 1 Creaked Propagated
Xopioodz [ o Propaeied | L0 |
oescives|
Step procedure: Static, General
Load kype: Concentrated force
Load status:
Create... Copy... | Rename. .. Delste.., Dismiss |
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o FERIER I WD E S R
5E XA A L

Ml Create Predefined Field

Mamme: [Predefined Field-1

= FERVERIG T, W03 AT LA,
B VAR R

Frocedmrer:

Category Types for Selected Step
& Mechanical
€ Other

assault Systémes, 2008
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WliCreate Instance

Parts

bolt &
clamp
clip

cylinder

nut ll

* Dependent (mesh an part)

Independent {mesh an instance

MNote: Tochange a Dependent instance's
mesh, you must edit its part's mesh,

I~ Auto-offset from other instances

ok | el cancel |
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T[S Parts (83
= bkt
& Features (1)
h Sets
vl surfaces
@ Skins
) stringers
- T8 Section Assignments
Compiosite Layups
Engineering Features
*Bn Mesh (Empty)
# clamp
H clip
H crankshaft

[
E
e
3 cylinder
[ rut

[ pin

[# rod

[Fz materials
;- Zections

1 [ Instances (41)

Switch Context Cirl+Space

Renarne. ..
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 clip- Suppress

Lopind  Resume

= rod Delete... Del
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ok show Parents
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2
R S S 22300

+ FEmeshBR B B AR Native & 5274
o SEITRA R S e, D P e ne W
AR *’E‘# *XH? e = 3808 Pioo o R, E] Sk |
o T K IMeshiEE I REMEXNT [Mesh =] Model: [MSFT. | Gbiect: € issembly & Parti [ro =
P AR

crankshaft
cylinder

it
pir
rod

B Parts (8)
= ok
& Features (1)
b Sets
@ Surfaces
@ Skins
) Stringers
ﬂ} Section Assignments
B Composite Layups
i wcting Features

R NSRS N

75

SIMULIA

© Dassault Systemes, 2008




2

PR A s A aaruid
« BEIPEAR
o A FUROR AR B TR I PR, 7 AR A E DU PR 2 BT R A
TiUL B e R A 2
o 0T YR DA T B o3 R AT ST AR B A
MUz (BRAD I S P 38 T A A o
DYUtbubiFSES FCVFAEAE = AR e LI .
=Hk I S FH 38 T A A o

B >

XA A= e AR SIMULA

WBUFIARE

AP T] 9 = 1 A A% =MIERI%




p
Ay
SIMULLA

PO AR AR

R

ZE XA B 2y R

R FE 2678 AR 0 4

- AT

b

A

R P VY T A B
TEARE) LA

NE ER A
SEEN=V
BN

JER] LUNAE
7 e

o DU A —fn R R A Al A
TN

AT
mﬂﬂ» Pav;

il

_—EBMM"N

LN

aay

iy
N

s

A
R

e

R
7 N

Y

o
W
A,w%»ww%
L

W

2
S
SIMULtA

PR s A

f

. ENE R

[z
B
junng
L W . e
=
# 0w
s .xN E
® Eg =
= am I
K.o® . E
<= jm ik o
| = o
£k Zw H
Hig g & R
X =] O
diE rxE 2
ER ERE S
EN EXm g

YR 545 T34 1

JCE I E BRI




>
! I K4 2 A 2>

SIMULLA
o THEERE RIS
o TR XA A A DY A A
o [ B

o R DX DY T 9 2 K R
CIBAL I DX Skt &5 e e D

IS P IBAL I

© Dassault Systémes, 2008

>
o A ik A 2>

SIMULfA

« AR (cont’d)

o FIRSIX AL RIS AR :
o NIAMKE FInS 2k, H Lk
o TR RS

. B
R IR

XA R J7 g Lk draft angle

TR Sl 73 P 1%

© Dassault Systémes, 2008

10



Introd

7—§ uction

A B R S,Mu%ég

- B A B PR SRRI 431 I R A us/G
o b

o URTHT AT LA by 22 A T2
* HARHA e H— 2R
o JEPRIEIAT LA 2 A AL

o AT LU ORI R A%

Introd

7—§ uction

o e AR Dﬂw%gtg
o H] DA A PR SRR 43 ) X3 T B A us/G

« JUT
o TEURTH A, AHARIZ 8] I A A BEA180° A ZEKIZ .

.\/. PN el

EEELS Ky

© Dassault Systémes, 2008

11



«\

PO AR AR

© GEHALEI REAR

o GERIPLIR A% Sl 73 SR g B
(K. FRE SCHI PRSP 416 R % 7
P o

* Abaqus kML FEAR DX RS
FANIE T TR BTk, A E 55
EEEAT R 2y (LA

o SERIACI ROAR S o A TN

.
gap

‘@f@@

75

SIMULIA

ROV

AR LU A AL TT 52 )
X3

* H DT A BE = MR

UG K
] 5P U 41
i 2
A 23
. B%g;‘l‘ WJ % -esh ornls %]
o GE R IRURS T A T PWrWMWMMrME _)
WA T e |
. ﬁ%ﬂzj:% —‘,%-*%)E ™ Increass size of interior elsments
. REWHT
o FHPHEARR R K75 AR B
N AR = R A%
o FAPHTEAR R B B UL B A = == =
ILpUNYSE R SIv

IS 0 T LT 3 1 S 8 X 4k,
Jf FL#£ Abaqus/CAEH 3

12



Introd

7—§ uction
WA R A R AR .S'IMUMﬂtg
. B RRBIT usis

ST = T8 A RIS IO
B e Y E P ARG
Introd
7—§ uction
XX J N to
WX A B A SimuLA
© R .

o FERUETHOUN, REEAFI RS RE R NS, BBk i A
o REAUIR AN AT DL X LA E AR

AR

A 2 T A

51 A B
Ju

HEFRE A

R
WA B

© Dassault Systémes, 2008

13



Introd
7 uction
o 2 A AN

ﬂMUMﬂZ

- MBS AE BN, BT AR AR E R

Rl PR« :
LT

« =AM AT
o JHBRTER 2 B DUIL T 9 VY30 7% o 3 H T R A%

o FINE MRS
o JNHARBE B HoT
o WIS RAK

o YT, ST, S S T

Introd

7S uction

b A é;mmﬁg
o BIF: B + ERE R us/CE

e ICE A N
RUn BR) RRPiT—4 AT

© Dassault Systémes, 2008

14



55
A AR 7

[~ Candidate Entities to Merge
CETHSRGUTS R E (e
QLT o

¥ Faces with aspect ratio larger than: [10
¥ Faces with corner angle smaller than: |10

W Redundant edges and vertices:

BEERE
FYIID

[~ Curvature Controls for C i Entities

Keep edges/vertices if corner angle deviates from 180 degrees by
more than:

6 Use defaulks (30 degress)  specty: [ e (7
¥ ¥eep blends F the Following Ewo conditions are mek:
Subtended angle larger than: [e0 il |

Radius smaller than: [11 = @

SEIIEPELE
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