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Disclaimer

By using this Guideline, you hereby consent to this disclaimer and agree to its terms.

All the information in this Guideline, comprised of this document and the

accompanying simulation models, is published in good faith and for general

information purposes only. Neither Synopsys, Ansys , DYNAmore nor the authors make
any warranties about the completeness, reliability, and accuracy of the information in

this Guideline. Any action you take upon the information you find in this Guideline is

strictly at your own risk. Neither Synopsys, Ansys, DYNAmore nor the authors will be
liable for any losses and/or damages in connection with the use of the Guideline. It is

always up to the user of this Guideline to verify the r esults.
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Main keyword file,
with contacts,

boundary conditions,
loadings, etc.

Database
cards

Figure 1 Recommended include -file structure for convenient use of the provided control cards files.
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History data

v mpp: binout*
Solution diagnostics smp: nodout,
d3hsp, mes0* elout, rcforc
d3msg

glstat

Restart files
R » d3dump (dynain)
mpp: d3full

Figure 7.Overview of LS -DYNA output files.
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Table 1 Guide for quick selection of include files for different analysis procedures
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* KEYWORD
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CONTROL _TERM
efine end t
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Figure 8. Definition of multiple load cases for linear static analyses. Each time (t=1, 2, ...) corresponds to a new load
case. Note that Dt=1.
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* LOAD_ .

Define nodal | oads etc.

*BOUNDARY _.

Data |ine to prescribe boundary conditions
*TI TLE

Simulation title

*END
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Figure 9. The leftimage showsthe FE -model ofthe ROPS. The rightimage shows the  applied loadings
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Figure 10. Magnitude of displacement for the ROPS stiffness example.
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$# | s mt d
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* CONTROL _TERMI NATI ON
*LOAD_ .
Define nodal | oads etc.
*BOUNDARY _.
Data |ine to prescribe boundary conditions
*TI TLE
Simulation title
*END
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Figure 11Example of a press fit between a shaft and a pulley . The right image shows the geometry. The left image
shows the stress distribution after the press fit has been resolved.
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Figure 12 lllustration of the use of the time incrementation curve (blue) to synchronize the simulation with the
applied loading (red curve). By specifying a value of (1.0, 0.2) for the time incrementation curve, astep att=1.0
(coincident with the maximum load ing) is obtained.
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Figure 13 A cantilever beam is bent over a rigid support (keywordfile bend00 1.key ).
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Figure 14 Plastic strains and deformation at the final stage.
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Figure 15 Required Y -force vs. tip displacement.
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*] NCLUDE
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* CONTROL_TERMI NATI ON

Define end time of the simulation

*] NCLUDE

I nclude file defining geometry, materials etc.
*LOAD_ . ..

Define nodal |l oads et c.

*BOUNDARY _

Data |ine to prescribe boundary conditions
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Simulation title

*END
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Visible Max 1068.62 at Solid 17755
Visible Min 0000108657 at Solid 15645

0:balts001.key : Pre-tension of belts using “INITIAL_STRESS_SECTION : Scalar:

[

ses i :STATES ,TIME 2.

Figure 16 A bracket is attached to a base plate by four bolts. A force (shown as a yellow arrow) is applied by a
distributing coupling at the center of the hole in the flange. The left image shows the initial geometry. The right

image shows the final state with a

fringe plot of von Mises effective stress.
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Figure 17 Death and burial time for implicit dynamics.
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t Na&Ndr At N P NeBNA&EdO rAdRRANrr BAAGd ADBRAr Aret KN ABAANGE]AA |
AANF NAA r AdRRVERNOr BB ®REGIe BN ARADEARKN AnNARNER2 @& 2cEM t A A

r AENrr Nr UWRWENAe N A?BNEdOAA reAhk?adeA aAe "eact aNAAR At N Ann
Ae &Nr ? ANDYAANDZ NAEBNA E&d QAKX rAdRRANrr BAAGdi R OWNBm&EKRNDZ Ae
Ke ADHA? OAA kN AnnAdNDZ kr A rAAAdO ¢dBNnAdOdA AAAAKA " rdrs

uUA Ve, ' R AQANAcE k?20t KQAF AANAKr rdr dr * SONTROALNDMRPL | Bt TABUKLH
AQANAcE k?20t AQAT AANAK" rdr BANVKKMNNAMA @an fenR] R AANAAN Ara), resce |, Aeen\N A
k?20t KdAf dr A AJANAE naEe OND2 eNR ndat AMAs WAt dr ABBAAAANRRAK
Qe ANAOAr S dAK Aen kN ?2nDAANDR AADZ At An BAAN&E&dAA &ENrneAr Nr
D2 &« A?f At N k?20t AQAF nt Ar NUs

! ANBNnAAAN Reac AJQANAE k?20t AgA?P AAAAKr r Nr ReAKeart

*KEYWORD

*] NCLUDE

database_cards_static. key

* CONTROL_TERMI NATI ON

Define end time of the simulation

* CONTROL I MPLI CI'T_BUCKLE

Specify number of buckling modes requested, and buck
*] NCLUDE

Il nclude file defining geometry, materials etc.
*LOAD_ . ..

Define nodal | oads etc.

*BOUNDARY _

Data |ine to prescribe boundary conditions

*TI TLE

Simulation title

*END

' r BANRKABNnANR kAr NBZANAAE 4BMNMEADPINFn @R A A G 2ROMOANs g n 7 g W NA
=t DNRA?AAR At N k?205 AQAT AANAA" rdr ~dAKA kN nNERe&BNDZ Ar At
nerrdkAN Ae nNaEeReacB JAANEBJAANAAAKLBRRAGMN ANBARAANM eAs DI R
rnMNQd., NDZ kr NARB&§LEFr eRt ENoe? Nr ANDZ k MOQA i BeMWA?Ar eR At N
O? &% N rnNOd, Nr AA St dOt AdBNurU AtN k?20t AQAF AAAA" rNr AcN
WAA?N rnNOd. Nr At N A?BkN&E& eR k?20t AgAf BeDANr Ae QeBn?aNs

20t KQAP KeADZ RAOnrecrei FaMW tANeg, AANMDK 3Ot AANF AeADZ dr r dBnA" 7
B?AAdnAgNRNZ AnnAdNDZ AeADZ . N k? 0t AQAT Bedie irgsN\uNeU JANEN @ P mm’
eR rA&Nr rDE NNy Rt ANUQAPONT ROL _| MPLI CI TR EWNGEINY AL WBB DRES N s

=r DNRA?AAR AtN —-AAQ' er BNAateDZdr ?2rNDZae r@MWN AZINNAER QA A
ENAKQANRADA ET Qe ADHAde Ars UseNN? ANDRGRNN seiNeE fNateDZB?2raA kN

AOAQWAANDZ k'  NAABCAMTAN "N, MAeed ANENTNAt D2 B ADRNMAr @ ?2 A A OAr
"t N&eN At N -AAQ' ers BNaAteDZ RAGA-r
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.eAN At An A KQANAcE k?0t AQAFT AAAA" rdr BAr r NWN&ENAT wWN&ENrA
ReEADZ r A E? OA? BIRA N ALcA ONNRRR@QA r unAAradodar R RAQA? €NR AKA&EP N L
BN NaERNOQOAGdeAr Us
441 -dANAc k?0Qt AQAF AAAK" rdr eR A nAANK Sdat A kNADZ

I nAANA dr R?AAT OeArncAqANDZ An eAN NDZN AADZ Ke ADANDZ kr A
_AN?P NRf ¢iNNa#gN . N NDZ N Aa At N _ AAPN dr OQeArAncAdANDZ gA At N A
5 Nr SeeDZh ANk Idge0 04 . kg oer KR ADZM\&N e R e~ . dr AnnAdNDZ gA A Ae/
At NA A KQANAE k?20t AgA?P AAAAr rdr dr nNaecRea&BNDZ . N AeaNra N
k?0t AKAF AKeADZeR evlss t . s . N k?2O0f gigmasN BeDN rt AnN dr rten

.
X

Yy EAAT WNEr NAT
Qe Ar A ®Ad ANDZ K

~eAf dA?DIAA
Ae ADZ AP DI r

AcEe ? ADZ ke AN

f2KK" QeAr A cEA
e? ADAcE" QeAD

Figure 18 A panel with a bead under compression loading.

] PRTAFE § TS |eRPREFRak

Figure 19 The lowest buckling mode shape for the panel.
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bss e MMGANAGE ANAA" r d nKRATGWT BN ANt ARZQ

. N AMQAFT At BNaAteDZ dr AnnAdNDZ ¥l NeaBa OV AR e AMAORENA r AR Ae A
fgf ™MaN = NWANKF At BNAteDZ QAA kN r NNA Ar A Buie NDBZe & &K DDA X BZA DAY
ndAat A tdft AT ADZAAQNDZ Qe AnceWKNAFfANNBSAteDRr NgeRAAYBEAAEOR
r AARt ce? Pt AMKDEQSIAAQAA kN t AADZNDZ . dve MAA NA E A d B DN AKe RRZEA A
nerAk?0s KGAF AANAKT r Nrs

limit point:
load |t load control fails
, turning point:
o displacement control fails
______ SR
oad |4 |-/ | | !
control I "snap-back”
e .
: displacement
displacement
control
Figure 20. Arc-length control is required in order to follow a non -monotonically increasing (generalized) load

path. From Ref. [4].

UA VBfi , ' R AN A¥@Q BNAteDZdr AOQOadW AANDZ GONTAR QLA clABRILLINCE B AS Qlt
QAcGDR k?A Atdr dr AAENADZ necNDANrANDZ A dsg Mirad QEYDAK ? EINAJ AT
ANAKT t Nr R ¢dBnNaERNOAdeAr AcN QeBBeAA" JAAcEeD2 QNDZ Ar nNaEA? &
NAEABNANGErs . dr OAA kN AOQt JNPHEBRZYURBATI ONN £t Nr 7 e Dz

=t DANRA?AAR AKK ?# NANcEAAKJ' NDZ AeADZAFr dA At N BeDNA B?2raA ?r
nedgAArR raAeandAf AA ur R nU AADZ gAQ&ENAr gAF Aef dit NaE U RANAK W
B? AndnAN AKeADzZ Nidgra dA AtN BeDNA udAOQOA?DEAF At N@ABNANA Reeed Dz
Ni ABnANu®RBR? ent N DZr Q?rr e ArvKRAF Atr NBNRt a DZNRA@Q? An BAAN C

dA VB, s
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Figure 21 Typical load curve for arc -length analysis.
N ¢t NrieaDd@ntANol cards_nonlQedadddr k @ Arace A QABRZ r NN AYARR? 7
Reac WdANA@k h@r AGAT AANAA" r RRETHEM n Ng Ry BANRDEe BNAAT VKNAAARNT N
BNAteDZadAKK kN AOAdWN RaeeBs At N raAacea R At N AAAKT rdr

N rdB?AArndeA AdBN dA Atdr OAr N AAtNruA ORNNRaEA AR AMNGERNA &
ANAKT rdgr BAT dAQa&NAr N AADZ DADZHNAANONBNRB AABNZ neNNNRBe eQN XA d
NOeBN ANFf AAQWNR JdADZQOAAJAFT QeBnANANr &1 PACDZNTNRIONLE rTAEARM |, NgArT | BC
kAr NDZ e BAKdBRW BALt N r NArNR r dAQON At N rnNOQd, NDZ ANEBdgAAAde
AANNEANAAGWYN ANaEBdAAAdeAN QaedgaNacdgA AcN At NA a&Ne? daEeNDR Reac N
AE?QOA? aNSOAANRLt At N TEERMI NADZ QNe*aNEBRMMI NATI OBABORX) WN&Er ?2r NR

a T ae N pcC

ANBNnAAAN WRGENAEARAAA" r d 0K NOATIWNTF BANAN eADEQRe AAKe A T

* KEYWORD

*I NCLUDE

control cards_nonlin_arc. key

*DEFI NE_CURVE_TI TLE

Il mplicit time incrementation

700,

0. ,dt0 (first timestep)

Addi tional lines to define time incrementation
*] NCLUDE

database_cards_static. key

* CONTROL_TERMI NATI ON

Define end time of the simulation
*TERMI NATI ON_NODE

Define termination criteria based on displacement
*I NCLUDE

l nclude file defining geometry, materials etc.
*PERTURBATI ON_NODE

Define parameters for creating geometrical i mper fect
*LOAD_. ..

Define nodal |l oads et c.

*BOUNDARY _ .

Data |ine to prescribe boundary conditions
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*TI TLE
Si mul ation title
*END

' A Ni ABnAN gA%YeAWJAT A KAdBda AeADZ ANAA  rdr eROASH FAANA S da

451 -dBdAan KeADZ ANAAK rdr eR A nAANA Sdnat A kNADZ 5 )

' nAANA dr R?AA" OeArancAdANDZ Ah eAN NDZ N AADZ Ae ADANDZ kr A
_AAN?F NRf ¢ NNaegsN _ N NDZ N Aa At N _ AAFN dr QeArAacAdANDZ A At N A
ke? ADAc™ OQeADZHAdeAr AADZ Ae ADZAT 0 shssN N t BNA Ar NAaBINA AA rd, Ad, Mt NN QnaAg)
esss N Ni ABnAN tIN'miietdDZ a dXONO 1d, Mk eRDANECNNOA de A O W N dFf rovaNt e 2 A«

N nNAt KeADZ dr nnnr t . umtdqOt dr rdf Ad. OAAAA'® sABSTINGE At AA
130918 Test bufkling loading pl.llsh by prescribesl force, arc |

120
SPC Node

A0
100+

80

g 60
1
]
'.-I
>
40
20
0 : t : } L t : i L i
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min=0 i
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Figure 22. Force -displacement curve for the postbuckling analysis of a panel with a bead.

¢ s Md? NARENe? NAQr AANAAr rqdr

Md?f NAR&ENe? NAQr AAAArrdr dr A S Ar eR DNANa&BJgAdAF At N R?ADA.

Wdk ®€AndeA eR A rrraAaNBs . N Ne?AndeAr R ?AReaxcONDZ BeandeA OQA
-e +@sSsT

At N AUASINMER At N F NANEAAG' NDZ Ng?P NAWAA?N naeek ANB

-

L1 4 & n

-~

dr ekAAdANDR Sdat Af NuwRds NMBRIENAR E&NMD? NAQT AAAKT rdr QAA kN
WNaEedR™ At Aa At N Ndgf NARENe?NAQGNr ©R At N rrrANB D2 Aean OQed.
AKre kN ?2rNDZAr A AeeXA Reac BeDNA JAAN?F &dgar Ot NO:t gAF R Ar B
NRRAJWNAT ENWNAANDZ ! Aeat N& QeBBeA ?2r N Reac NgFfF NARENe? NAQT
R?@Ent N& DZ AABJO AANAK® sANABZSst NN ANOAdeAr

uA VBfi, ' R Ngf NARENe? NAQr AAAA" rdr dr AQAGWAANDZ k' 2r dAF At
* CONTROL _| MPLI Cl Ts=E|l GENW AWAEQAMBANRESRA A e Re DA A r A@Ef &K Nk N
QeBn?DENGr dr cyBRPGAENDZ NANEr ™ DNAr daA™ dr A et skiils Wt AXR Ar NDR
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QeBn?ANDZ Ng? NAWNOAe ar MBeDAwkd kN A r RNDMEENEON ANAMN &N, rr A €N or
N%AK? AndeAr AcN eR dNgseNENr AR r NN ANOAdeA

eA N At Mre eArAKed DILAT Qe AANAQAT rrt AKK kN ?2r NDZAdgat OAaEGN dgA AA
NOA s AS!

ot

ANBnAAAN Reac Ndgf NARENe? NAQr AAAA" r Nr ReAKKenrT

*KEYWORD

*I NCLUDE

database_cards_static. key

* CONTROL_TERMI NATI ON

Define end time of the simulation

* CONTROL I MPLI CI'T_EI GENVALUE

Card DRefine number of ,eif gemgmedeetsces

Card 2et MSTRES=1 to request modal stresses
*] NCLUDE

l nclude file defining geometry, materials etc.
*LOAD_.

Define nodal | oads et c.

*BOUNDARY _.

Data |ine to prescribe boundary conditions
*TI TLE

Simulation title

*END

' kArdQ Nd7f NARENe? NAQ" Ni ABnANsI/gs™ naeaNr NAANDZ A ANQAdeA

=r DNRA?AAR At N NdgfNARENe? NAQr AAAA " rdr 2 dAKA kN nNERe &BND:
At NA ANcEBYMANEEB GhGFNNVWR ENe ? NANDAcERAAKre nenAgh ABR Ar ARANAGE e
AKQANAcE AAAKfrr dBENAAT At An At N NRRNOA eR Ae A DBGWWrR],erAJOtF RA re AR e
Ndg? NARENe? NAQgNr R QAA kN AQQe? AANDZ Re ¢s iUskN RAR KKke MIONDeRIAAB
rAENFr  rAdRRNMJIWIN NGReRENNOAA NDZ N F NAWAA?IRNrd SEDA Be DN rt AnNr

* CONTROL _| MPLI CkyTe. QEN\iERReAB AN dAANGEBJA A NA A WM, 72 NeAWWNRAIPENA tAM A 2
A?BkN&E eR Ndfi WAWAKDPNMrs eR nn NOHREWNG Ot AdBNurU At N Ngf NARE
AcN Ae kN nNacRecBNDR AADEAANN OereNeQig nRerADEIAN A? Bk Nae eR NdfF N/
gt NA nNERecBdA? GAANEBJQAANAA KAt NAGAENe ? DRAGCENANRADENFR AR A
Ndg? NARENe? NAQr AAAArrdr B?2rA kN ADDADZ ne At N rf QffOasAd' An
ANN AAre At N Ni ABrsAds ARt NMQredwA, e A Reac nNaEReeBdAF GAANEBJA
dr Ae 2N At N B?2AAdr A AF N VAgAne®E A Qin™ ADHN u BFIN@RG ENR s

N Ng?f NARENe? NAQGNr AlecN o4 Na DBAK AR As NN Re & BiedzAR AR aycAB A A ¢ e /
uNd? NAWY NIOA eQd BN 8ZW NdF NAYNOnNBREr! dAENABArr AeEBAAQ' NDR 4t dc

p

‘feac GQAANEBJdAANAA NdF NAWAAK?N AAAA" r Nr Ar Anindean eR
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Qe g

K?2A Rt NA e?2Aan3ei YAANB NN AcN AAre a&Nr QAANDZ Reac d¢BnaceW NDZ W
kN ekanAdANDERRNR2Br "R Ar ONJFOuESK NDZ NeEr e Ar r AAEA AP ASdat é
AcN AAre nadelrghoDZtgN N ANEEll GENK EXXTOR SCALYSNG FACTOR

[

nsAnNA dB8HNI YVANR r U

NS f N A N Q/\ AR W q, r? A A (1 ' N A\ Format: | Keyword -
° sge A® f Mﬂ 6 xee r A 6 A ? o) Active Parts Only
0 S>AdoQL X>? CE CEX UBQDDmN Entire Model

ce n U

syei P AN At N X, ecBAAKQ"
Ae ?2nDAAN At N r QAAN
s. N r OAAN RAQAae® q¢r r
kei ANi A Ae AtN X, ec
Ot NQs kei s

Int. ID *) UserID

wm

Element

Nodal Coordinates

- 2O I

Nodal Displacement
Nodal velocities
Element Results
Nodal Results

Shell p-Strain

shell Thickness

Element Centroid,Volume

Long format

Append St No: 7
+| Normalization:
Scale Factor: 1
Write Curr Done
Figure 23. Output of scale factor for mode shapes from LS -PrePost.

' Aeat N& enadeAN Reac ekAAdAdAFT At N ?2Ar QAANDZ Nd 7 NAWNOAe Er dr
Qe ADNAr AndgeAN AADZ r ?2nNENANBNAA * TOWNARPLA | dVR PA N T W ODEEBBZR — d, A
ADDZAdeANddei g&AMr R AAre e?2an?A At N ?2Ar CAMNDE QA A &AW DN RKkeAr N
d3nodeANur U OAA kN veagWadNDZ JRe & fie E Wdr 2?AAd" ArndeA AADZ ner AncEe

UR dB8&i YVANr A&EN ae kN kANDZZJAN A3 DAN r ¢ s ANNDZEWN QAN ArB?2 r A k N
D2?k AN n&ENQdr deA RewrBANDRAEAAK AN B eIDRRA BVESER MA®N &N or 2NV FAA N
nNENQOded®rA? A A Ust gr OAr N

N DNRA?Arn reA?nadeA BNAteDZ Re caENJ M NAYW AkiRZdpROg ek A KNBx AN O fAe
NeeBAAKKT A RAran AADZ NR, O4NAA BEAt EODRAYAONQPGAEEABRAALBA NS - A
AWAJAAK AN EA  duBnRg-cd Qe Bn?AdAf BAAT uydnnnnUyU NdgFf NAWAK?Nr eR
NANBNAAT Us odr dr ARIANGMTARMIDAKk QACREZOYAEROL _| MPLI CI EsulRI GENV
eANAr A RNZ ub® srU NdgfFNAWAA?Nr eR A AAEf N Be DNAu AR akeN keNR
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dAANGENraAas uan QAA kN AQAgWAANDZKk' rrNAAJQAF Mugfyo &6 nnwns N

neEdec Ae én¢R k?A RaeeB én¢ AAre AA Bnn dBnANBNAAAAdeA Ni g

fee QeBn?AdAf OeBnANI Nd7 NAW A AR 'RBBNMNY ed GO er? \g\RIAVEN RRre aB A A ©
NRRNOA DBEB AN RAxXMP ACKe *®CONTROL _| MPLI CUsTe BOL VERBN?AAAde A
QeBnNANI Ndf NAWAA? Nr vEefNePRledir AABNERH OAA AnnAdQOQAndeA Reac Oe
dr kacAs N re? NAA ANNMEAN ga&x R r NN AAre
fee NgF NAWAA?N AAAAT rdr AQRIABMNPE AR Or QR W LN 'dNe & BZe
* FREQUENCY_DOMAI N_ACOUSTI QAKEMN EIGH NABEEG U BUce Bsé R VB, ! R
dar nerrdgkAN Ae AQQENOW? iR a A PNJBDEOA de Ar dA NP YBW ALY NDAARA »
2rAF At N :t NBDUNDARYI POPTI}@NdrenadeA dr r?2nnecdNDZ AADZBN S - F
&Ne?da&ENr At An VNN NAKX 2a8% dNEB2 GsrM&HA Tn 0 v Us
UA OARNAt NeEBAARAAAABANIrKkN ?2r NR?A Ae nNacReacB Ndg?f NAWAAK? Nr el
dA ecEDNE AneR Rec Ni ABRfAMRF GNOs A tNM *BO:ONNTARND'LS e HEZR MAL _ E | GE N
QAN kN ?2rNDZ Rec nNaE&Re&BJdA?f r?20Q0t AA NdgFfF NAWAK?N AAAA" rdrs
461 Gdr?AAd' AndeA eR rancAdA NANef® AADZrAcEAdA NANGP ' D:
AincEAQA NANaEi™ AADZ r AcAdA NANE?P T DANArdar AcN QeBBeAAr 7?2 r NDz
rAE?OA?aEN St dOt AceN ?ADNE At N 7F &aNAANrA rAacENrr R AADZ Qe An &q,
BeDNs wh AR dan dr &ENe?dENDZ ane ANeRENMr R MET RESAA AR DA
- ffeeceNaeer A uANPZA®BNwWeeer QNr r e er Ar A NAAU OAA kN ?2r NDZReac Wdqr
AADZ r nEAdA NANGEPi'™ OBAT JANRREEBENT Bae ADDEMaeda®DT? A r NAAJAT
dr Arr ? BNDZOetAAEemZM ARZAr NNOA gREe W  DANDZ 2 dgat At dr g? DNAJAN
Ni ABMNaXontr elar ds neakeAADZat abase _cards & atdaN ketyAn At N rAcEA
AeAn QeBn?aANDAk™—mEHN! Raeh Ak dr QAAQ? AAANDZ Ar A nerancEeONr
neranceQONrr gAf reRASAENS
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LS-PrePost(R) V4.10.6-29Aug2023 - /disk/work/andersebj; ici Testrun_done/Ex1b,

. View Geometry FEM Application Settings Help
lorer

ltiphysics Solution LS-DYNA eigenvalues at time 1.00000E-3 i
Freq= 0.82027 Strain Energy
Contours of Strain Energy 1.000e+03
average IP value 9.001e+02
= . e
Fringe Component - 0, at elem# 1
8373.68, at elem# 53944 8.002e+02
Stress pressure ~ -5
internal energy density 7.003e+02
NV ohell thickness - 6.004e+02
Result || %thickness reduction = ) e+
hourglass energy density J I 5.005e+02
Str: time step size > — \
- triaxiality (-pfvm)
normalized meanstress
Elastic lode parameter -{2*sig2-sig]
lode parameter-alt (27/2)%()3
Beam
strain energy density
osinonersy —— | :
e Forming|
FLD
shell Thickness
User
Thickness Strain -
LSDA
»
Apply | Thick:
o - |
Max »
d3plot v
Animate
Do
v Eigen Div: 10 |SF: 1.0 |Last:| 20( |Freq;

‘ f SRR IE

fgf ™Ma#N Mi ABnAN eR Wdr?AAd ArndeANeeRaen EAQABDYANENT 2 @ RAN >+
readt eR At N >NAANGE Reac >eAAdr oA i ARNAT e AANTZAGK Nk ddr Ax &
AQt ANe s ANDZ ND3

46.2 Md?f NAR&ENe? NAQOr AAAKrrdr eR A nAANAK Sdat A kNADZ
' NAANA dr R?AAr OeAr A dfAQfFANGEY AN A M BMBPEINN R Ne R eeDD 0 K Nk djy
KeaNra Ndgf NAR&ENe? NAQr dr ¢o6se o' MeAdDRAt RNgB@NF r BARGe s A

= D

46.3 uAANEBdAANAA NdF NARENe? NAQWK cA/QAMNAr dr R A ke AaANDZ -
Md? NARENe? NAQT AAAAKr r Nr eR At Noicehm NDZ A rnr NBEKd A @RA [ QIOA dfe N
ke AAnWMNAN de AUR A WnoN MAr duek/e Afan mANN D) AWMDA ng @A NANRZ Ka ADZENT  dr 4
Ni ABnAN + N' S edc@DZen®N 34k ey

'A A 6 PR rdql «df dDZkeDZ BeDNr AcN Re? ADR JADHOAAJAFT At A
' RANE kwmAMNrmgeMdAF R AA A 6 TR At N KemdNr WoRNGitNAREKe ENAON e
AnnAgNDR At N AedNraA NdgPf NAR&EN99 NAQT DNO&NAr Nr aAe nn

\nsys

AN D ONY

AAM uAQs

AT ERA! ¢ BnKEQdA



f2KAT
Qe Ar nNEAQ

Figure 25. Eigenfrequency analysis of a panel with a bead.
UAANGEBGAANAA NP NAWAA?N Ni AncAQadeAN QAA AAre wWNd sAANEABRIEN,
dn OAA AAre kN rNa ?2n Ar A B?Kn&grsAf N AAAArrdrR r NN ANOQAG

¢ s ANAE AcEAAr NAA BeDAAKA DZ AABdO AANAAT rqr
yEAANr NAA AKQANAE DZ AABgO AAAAT r Nr QAA eRANA kN nNERe BNDZ
AfFFR AON At N A?BkNa& eR AOad%N DAN?f «aNNr R R&eNND2ZB OAA kN Dz
AKK At N nt"rdOAK DNF eNNr ¥R RceRANYPEBNBRAABRNNE" e RNBNANEAKd "' |
RENNDZBR 'ROFRLrs ArreNRDZk " At N eaEatefeRRAGNN mERANBEe ¢gBINDZ RNA e
BendeA dr DI AfeANAAd' ND3

uA VBfi, ' R AQANAE AcEAAr NAA BeDAK DZ AAB4Q AAAKT rdr dr AQaqW.
* CONTROL _|I MPLI CI T_ MODIAL rDa¥NMNFANAACR At dr RNAA?PDR? LANeAENOQALN de
r Bt NerSp®RAER, ' s Mdat Ne& Nd?P NABeDANr QeBn? A NDINed NgVkjNer? rede A A DZ
QeBn?ANDZ A At N r ABONEROL?2I YRiE | CI TREQSENNWMLUENDZ Ar, A B e DA
At An dn3teN Y VAN B?2r A kN dA D2?k AN 1 &N OQEGRYe AD REABARMANRe ¢ A X/
Be D@ Ar NDZ AANAA" r Nr s

N DANRA? An dr At Aan AKK Ndgf NABeDANr A&N ?2r NDZ A At N BeDAA k.
N7 NABeDNr Ae ?2r N RTCONTROLNT MPEDZCI T _MODAIS_DYNAMI C_MODES

feDAXK DABndgAf OAA kN rnNQd, NDR Ndgat N Ar A

T OeArAAAAN WAAK?NR AnnAdNDZ ne AAAZBWINrR ?2r dgAF At N nAcABN
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Figure 26. Transient loading ofan L -shaped beam. The left image shows the geometry, with boundary conditions

and loading. The right image shows the loading history.
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Figure 27. Displacement history in the transverse direction of the loaded node.
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Figure 28. Wizard for frequency analysis set  -up in LS -PrePost 4.3.
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Figure 29. The frequency response functions are the transfer functions of a dynamic system. From Ref. [8].
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Figure 30. Steady state dynamics analysis of a bracket. The image shows the effective stress (von Mises) response

at 400 Hz.
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Table 3. Fatigue analysis results are output as stress components in the d3ftg 3D binary database.
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Fatigue analyses Random vibration =
Contours of Effective Stress (v-m) Effective Stress (v-m)
min=0, at elem#

5313 4.053e+01
max=40.5322, at elem# 7194

3.648e+01 ]
3.243e+01 |
2.837e+01 _
2.432e+01 _
2.027e+01
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4.053e+00 I
0.000e+00 |

Figure 31 RMS effective stress from random vibration analysis of a link arm.
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Frequency dependence of Rayleigh damping
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Figure 32. Frequency dependent damping ratio of Rayleigh damping (red line) versus constant damping of 3 %.
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Figure 33. Comparison of tip deflection for different non -linear solutions of the L -beam example of Section  4.7.1
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Figure 34.Geometry forthe L -beam (red) with rigid support (green).

Non-linear implicit dynamics
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Figure 35. Displacement history in the transverse direction of the loaded node.
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Figure 36. Example of rotational dynamics. A deformable shaft (red) with an off -center disc (blue) is attached to a
rigid fixture (green). The fixture spins about the global X -axle.
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Motion 1.5 mm in —Z after
Solid block (moving)
T, = 500K

Constrained edge

Solid block (fixed)
L Shell panel, thickness 5 mm, Ty = 300K
To = 300K

Figure 37. Thermal and mechanical loading of a panel (red, shown without shell thickness). The initial gap
between the panel and the fixed support (blue) is 1.0 mm.

180530, further thermal testing, shells, surface to surface contact
Time = 1 Temperature, outer
Contours of Temperature, outer 4,984e+02
min=300, at node# 31
max=498.438, at node# 250 4.7862+02]
4.588e+02 _|
4,389e+02 _
4.191e+02 _
3.992e+02 _
3.794e+02 _|
3.595e+02 |
3.397e+02
3.198&+02]
3.000e+02

Figure 38. Cut view through the assembly after 1 s. Fringe plot of temperature (300 to 498 K).

180530, further thermal testing, shells, surface to surface contact
500

Time = Temperature, outer

Contours of Temperature, outer
min=348.085, at node# 357
max=359.046, at node# 9

Figure 39. Fringe plot of temperature after 500 s (from 348 K to 359 K).
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Table 4.Some element types for non  -linear implicit analyses
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Table 5. Specialized element types for linear implicit analyses
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Figure 40.Inthis example of crash box compression, converted from the explicit simulation of  Ref. [22], adding
hourglass type 8 makes an additional 50 mm of compression possible before implicit convergence stops.
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Figure 41 Example of different output options for element results. The Images show  fringe plots of the von Mises
stress for one element  in the center of a cantilever beam subjected to bending by a tip force , using different

extrapolation /interpolation options.  The numbers show the peak stress from the visualization.
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Table 6. Element types for implicit 2D analyses
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Figure 42. A conical insert (red) is pushed into a tube (gray).
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Axial force 2D
Peak force: 1.38E+06 N Axial force vs. displacement
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Figure 43. Total axial force vs. displacement for the axisymmetric example.
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tensile elastic use super elements small model
Time = 1

Contours of Effective Stress (v-m)
min=306.972, at elem# 18550
max=371.249, at elem# 2

Effective Stress (v-m)
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3.520e+02 _
3.455e+02 _
3.391e+02 _
3.327e402
3.263e402 _
3.198e+402
3.134e+02 l
3.070e+02

A

Figure 44 . A small example model of a tensile test, where a part of the upper test specimen has been replaced by
a superelement.
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Figure 45. Use ofthe PENMAX/parameter to define the contact thickness for solid parts.
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Part A Part A
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Time O. Time X. . Time Y.

Figure 47. Schematic illustration of IGNORE = 1. Parts A and B are initially penetrating at Time 0. At Time X, the
parts are separated, for example by prescribed displacements. At Time Y, the parts are brought back into contact.
Contact then occurs at the physical surface of the parts.

IGNORE=2 for mortar contact

Part A

Part A Part A

Part B Part B Part B

Time 0. Time X. . Time Y.

Figure 48. Schematic illustration of IGNORE = 2 for mortar contacts. Parts A and B are initially penetrating at Time
0. At Time X, the parts are separated, for example by prescribed displacements. At Time Y, the parts are brought
back into contact. Contact then occ urs at the original intersecting surface of the parts.
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Figure 49. lllustration of contact stiffness as a function of penetration for IGAP = 1 (dashed line) and IGAP = 2 (solid
line) for non -Mortar contacts.

616 édf dDZ RAKKr 5 o o ) § ) § o

N* RI GI DWAlald e AvEdhA '-AOAA kN r NNA Ar A rnNQ4AA OQAr N Rea r AdlI
rMNOdR" OeAAAQA UdQAQA?DHA?T RaEdOadeAU adat AN AANAA"  AdOQOAAK «
DAW NAenNDZ Reac Ni n&AdQOdan uQaEArt NWNAAKNANAA? AddsAMY RNANENe &g
neditAAkre Reac ¢BnAdQOdan AANAAT rdrR daA dr dA AtN P NANacAKX OQAr N
XANe cBAAX nAWMTR RIRGJAIADZ ? r N A feacAnAc QeAAAOQOA DN, AgadeA Reac
Qe AD4L A deAs

6.1.7 AAJDHAT QeRNGARNAY ALAN ANAENNAce A4BDZAJOdA AAAA" r Nr

,eMecnAc r KGDHEAT QeAAAOAr A"dAA udATNABRAKQARr NNUT k§RAGNANA QY
r ?€RAQONr dAJQAJAAADAACENDZ a7 AA AANBENGEA? Ot NI AQNKBPE RAWNN 9
ANe &aBAK DI ENOAdeAR k?2an RENN Ae BeWN ENAAAGWN Ae NAOQt eant Na
At N QeAAAOA r?2cx&RAOQONr dr dAJdAdAAAT enNAR fAgRl @A AQOA Re eQNr

N AQANAcEd' ArndeA ne N Bz2ee ) eBNa@&@ DADANGAA NRDNARZNr A BAAdeA eR
Nd? NAW AIATENMNI AB AERN BN br AAt NA RaEeB AA A?Ae Be ABpWDMRAOIHAN EN r d k
AdAQAdAA NNANAGAAde A BAAANE Qe A RABADNAEKNM ANANEDIR Arde A BAr  Xa
Aef NAENGERt AWNAEALXNADZ Ae ?AENAAGrAdQAAKAr tdfit NdFfNAWAAK?N
AAENA re At AA AdNDZ QeAAAQAr AcEN eAA" qAAcEeD2 QNDZ 2t N&EN dAA
eR At N dRexagagd NAWAA?N AAAA" r Nr AN At NAT

T uR Ae ADDIHAde AAA AdNDZ Qe AANAQAr AcEN & A REDRNPRAAQBN AN, &b

AAKANGEANAAGY NAT  ENQATREQREN A NBe MMEAEQA r s

5fec Ni ABMNAMR riA &? QA2 &aNr gAY e AWB AT BiNaiA A&NLOr B8AA NAG AKN
*RI GI DWALIGBNAGOdAR At dAN Reae Ni ABnAN nAArandO QeBneAN
BAr NADZ?2n adat ?AcENAAQr AgdOQAAAT KAcEf N nNANAcEAAadeArs

\nsys ANP N AAR uAQs AT ERA! 4BRAQLOGA




T uR A kNtAWdec "t NEN nAear AnnNA&e Ar X?fP A?NDX ea& XA NADAL
Qe AANAQATr ur NEN AgQVOadteN\ AnnaeenacdAAN AENAr s

o UA reBN rda?ArdeArR At CORTACBRAUTOMATRING el NGLED SUR
BAr kN BeadWAANDZE . dr nNAAK®MAAN NDZF MINN DZ? @eRRAORNO Qe /
M NTAcEar OAestNKE WAAAN r nNOQd., NDZLkOSRAt NA i B ¢Qf kAN O A
r NAeQt dr kAr NDZeA At N r gAP ANA r?eeBRM O A\ AmgNN DT R Rt
Qe AANAQA kNBDNNAAADZ At N rABN r NF BNAAT At Ar AatNR 2MVeADAN
GArnNOA At N &ENr?2AAr 2t NA ?2r dAF At dr AdNDZ QeAAAQAR
ek AAdAND3
1 uR AJANA&Ed' NDZ QeAnAOAr unt NaEaN nAaear dA QeAAAQA AcEN 1t Nn
AN DNr d&eNDZ r AAcar WEEMN  Ble DENAR AAmAm Alre An el\NK/e FADELMNR  Fudk Ao WA A
dA AWNeMWNAE raAaNn AADZ At NA DZ AN dAWWANAEBrddara N\ RIS et NNOW GAeAN

Figure 50. The leftimage shows two contact surfaces that are initially touching. For this case, using non -Mortar
contacts in a linear analysis, the surfaces may be tied in the normal direction but free to move in the tangential
direction. The right image shows two contact surfaces with an initial gap. For this case, no contact forces will be
transferred in a linear analysis.
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N n?aener N R AgNDZ QeAAAQA dr Ae OQe?nA&N nAear Aan A QeAr A
At N AgNDZORONRAOGT uTI"BDenade MEh A dri n&ENr NAANDZ . N&N A&N AR
AQNDZ Qe ANAOAT T

f *CONTACT_TI ED_NODER_TONGNREAEBE At N AcAAr AArnde AAK DAT &l
f *CONTACT _TIED_SHELL_ _EBGEt N&@NSARKABEAJAAKAN DANF &aNNr eR

N RABJWONTACT_TI ED_SHELL_EDGER?HOZEWRRPAGBHZ 7t NA r A&E? Qa2 cAK
rt NAAr rR e AeDANr R At Nr N NANBNAA A" nqNrU AN JdAWeAWNDZ d
DAN? €eNNr R R&NNDZBR JAQA?DHAF ceA ANGOMTRCHATNEDN_ NGDMDOB OQBD A
At NA kNAB NANBNAAr AN JAWeAWNDZ BAr O&NAAN «df dDZ keDZ Be D:
BeDNAUs

r ADDHA? AONFSEAFGRNNr N QeAAAQAr uReae Ni ABnAN
*CONTACT_TI ED_NODES_TO_BURFARKEAANDZ S\ETN) Re eB? KArde A dr ekaA

7=r ¢ NAMICAR ¢/LONTROL AQAURAMEW dA At N ArnAAOt NDZ QAOA? I
ek YNOAQWN ReacB? AAndeA Reac reBN R At Nr N WeRnddaA QRA2rceAdrN «
DANAAJQAr s
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&Ne?daENDZ 7t NA wr@ Ndg BNAw DPNouNdgat N A MgF OB GIABEANARDERB Qe Ar A EA
Ni AB*AQWONSTRAI NED_NODA IR RIB®IUNDBRRYY IPA EN. AW e AW NDZ ¢A A AdN
ndAate?an ?OFEFISEAIAMe AR daA dr el kAN aBARKNQAAA OQOQ&NAWN A Kk
kAr NDRDe)/M\ AQA Reac At N «df ¢ DZ Ae DAR BAGIKIB Ne/W A tKN>fecaDAGMG/VWEA At C
-FEh,! "dAK . &rA A&E' Ae ?2r N 5 dANGARNNLODIDRR r AADBZRNE mtee AN, NA v
D2 M eQ&XA_ d OAGAT GeRArAn cpiAMEWDZ Qe Ar A €AdAA dr Qa&NAAND3

' A EAQONNDAN dr eAA" sNBN@RANOBNAN dR dA dr &aden t/aNR REDHON AAQN
r NF BNAAs . N Ofr AGeBON? A NDZ Ar
1 ™ 6000 Qi O QNOQTFNG VLIV NQI RBORQE o
1 M F a0 QQQ1 0D VDO @EQQE ¢ Wi
T awdh

un dr nerrdgkAN Reace At N ?2rNaE& Ae NinAdOdaA™ rnNOdR" SAISN AgN
ANDSZB STAEABNA N@GA®@RZA . N AdN DZr AAAQON S dAAK At NA kN OQeBn?aNDZ A
1 T@ZSYYYOYW ua dr rAceAT AT ENOQeBBNADANDZ ne Qt NOt At N AgNDZ

NENn e OW P O & A Na@enrdARr 2 €N At AA At N AeDNr 7 NA AgNDZ Ar dAAN/
Ae Qt NPés sang s OW* ANurU Rec RAEAdAF BNrr AF Nr Reac AeDANr At A

uRAN BAQINNDAN dr A JdNDZ ur dadAgA AkteN NDZRD RABNDBIMWIGNe A dr AeA AOQAdW NF
kN BeWNDZuk?2A fdate?an OQA?2r dAF AN RNRNNOENN A Ae au A daaat Aed?/Mr UO en/er
rt NKK At dOQt ANrr U A?2AeBAANdQQAKA"s . dr BNAAr At Aa AtN BNrt B
DA,r neceandeAs AAN SAr ae Wdr?2AAd' N At Nr N AeDAAXK BeWNBNAAr dr
Arn A 6 rs N ARDAAT BAKNBANre kN3 he@ENANIZAEN rtRN r NW NeN BNt

D2N Ae AeDANr kNdgAF BeW NDAENJAGNBRNOrAANOQARAA KN drr ? NDZ

*** Warning 41240 (SOL+1240)
Vol ume of solid XXXdmaestiég¢ally reduced
in first cycle, this may be due to inappropriatel
applied tied contact constraints.

UR ®FRNSEQAdeA dr ACGAQWNREANt NidAA Aen AKNNBBERBR AJdNDZ Qe AANAQ
At OFFSEMAAde AN S dAK Aen AQOe?An Read At N BeBNAAr D2ZN aAe r NnA

eaNRNENAON r NF BNAArs . dr BNAAr At Aan At NeN BAr kN A &drst eR
uKAxe?f NU acenAnadeAr dR At N rNnAeAadeA d¢r aAee kdfs

UR A OQenkrAx NDZ Qe ANAOA At An DREAQIARMBAYS e WENRKNNDZ e n A de A
CONSTRAI NEDQAKMRSERT NDZ uA ADDIHAde AR At dr enadeA "dAKA AAre
Ae r NnAcArdeNcAQNARDANNA ANDEENANOBNAArs ' A eW Nae¥dNF R At N Be
Qe AANAQA enadeAr HAKKMNr NAANDZ dA

'AN AAANGEANAGAGNW NAGE_TI ED_NODES (T BURFREEACH O S\URPAWSCH em NAt dr A
A" MNR r NFBNAA r NAar BAr aAkadNA QmIALR NDZ R@te ¢yt NAea AAAe:NDZ Re e
NODES_ _TO_SMRFEREEfN@RS NTO_ SNRERREAeDAN r Nar BAr kANEAQuNORZ NLC
rDNR Rt dOt dr AeSBURKAKEENDDRS\HERRISNE
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feec BAI B?B QeArnceAk eWNaE At dOt AeDNr AssAtndg NW ng®WDRDAK N A
rnNQd. VDBcDMRe "NANBNAAr AcN AW e AWNDZ A A AgNDZ Qe AANAQAR da
r NA udAQAMWDFDW /MByd®r Y AADZ DN, AN At N ENRNaENAOSUREBAYR'™ e gAeh

Table 7. Overview of some tied contact options

*CONTACT _TI ED_ >SeAr A EAf (Te¥N|[TeBNAA
Re ®B? KA Ae DA A EAATr RN

NODES _TO_SURFACE ©gANBAAve [ANT
NODES_TO_SURFACE_OFFSET ENAAAA[ve [ e e
NODES_TO_SURFACE_CONSTRAI[OodANBAAWe [, e h Nr
SHELL _EDGE_TO_SURFACE OQANBAAT AX|ANT

SHELL _EDGE_TO_SURFACE_OFH&NAAAA|! AW e e
SHELL _EDGE_TO_SURFACE_BEA&NAARAA|! AX]|. e h NT
SHELL _EDGE_TO_SURFACE_CONO©gANBAAN! AX][. e h Nr

,eANr T uwwdAQOWMNDANr Sdat dA At N r NAcOt D#rAAAQON S gAA kN
ANEAQNNDANr ANDMNENNOBNAArs AAKT AnOFASNER mdee Mst Nue U | KK A
ReENNDZBR DANnNADHA? A NAANBOMAMDZNS NN eR At N

C

Be % N
W A A

A

QL ss

feae At N OWe dW\gtN W2 AORK CONTRCAt NI ED_SHELL _ E DBEAM OO SBIRFTA CE _
kN Aee ANA: &ArRNNDBWUTt AN At N QeAr AcAdANDZ eRRr NA enadeA
* CONTACT_TI ED_SHELL _EDGENSTORSIURFNCE-ESETRNEr BeBNAAr BecN
dr AGNDZ Qe AAAQA dr dA 7 NNNTAKD R OBER A DAAZ Re teAANDZAN  da? A
AW e K®YAT OAGATF Qe ArlaRBAGNArd ed\R drt NAOA W A ND3

' A Ni ABnAN eR A AdNDZ Qe AANAQA DN, AdadeA ReAAearr

* CONTACT_TI ED_SHELL_EDGE_TO_SURFACE_CONSTRAI NED_OFFS

Define contact | D, Heading

Car d : Define what shal l be tied

Car d: Bl ank

Car 8: Define alternative tiSeASdIEBSE&nb6e(wphai onal, can

Card- DD Optional [/ bl ank
Car&E Optionmécdmmendedl PBAGK(Q position 3)

NeEN dr AAre AA enadeA ae Ot ANFPWABBEAAGCND2Z ORAQPAOAAR NNAAK
* CONTACT_..._ MGRTAR_TOAERND Rec Ni ABnAN kN ?2rNR?A St NA DNKk?FF
r radAQOt AP RaEeB r AQDHAP OeAAAQA Ae AGNDZ QeAAAQAs

¢

NeBAKX naeenNa&adNr OAA kN rnNQOd, NDZ Reac AdNDZ Qe AAAQAr R A A
NOANfeRs®r gAFf At N* EGONTA@DZTI ED_...s THERMAL | D

o I

kEed NR eWNaEW N2 e RV NDZ QReeAQVAQNT deM -Ni n Ad,Qda r gB? KAandeAr
Nk gAAE Xy gNDZ AADZ A d NKRENALKeGeUAA AQATr dA -f

Q¢

6.21 TA: gAF Qe AANAQA rRafRMOINNGE r A d Qb
uA reBN rda?AndeAr R da dr DANr daEeNDZae tAWN Afe OQeAAAQA P

dAre QeAAAOAT dAdAQAAAT At N DZeNMDZAGA rBrea¥RVA QWY DZAVGND 2r ANANAR aRA AKNP

\nsys ANP N AAR uAQs AT ERA! 4BRAEQGA




Ae?0tR At Nr SdAA kN X?P A?ND&Z Aef NAt NeR Ar dA A AgNDZ QeAnAQ.
XdA, ANgANX REdONERNCTIOOBNAREQAUIGHS ? )5, WR miidr OQOAA KRNr @A d NW N
At N OeAANAONC@NMRA@N_AUTOMATI C_SURFACE_TO_SURPRTEGNIEBREAK |
>A@DzZun dr AAre cNOQe BEWFPDADHAeeaxcRANcE aAe AWedDZ RecON aAcAAr RN
NrAAk Kd!r A NDZABn AN eR A AdNkaeNA:t OeAAAQA DN, AdgadeA ReAAKenrT

*CONTACT_AUTOMATI C_SURFACE_TO_SURFACE_TI EBREAK_I1D

Define contact | D, Headi ng

Cardi: Define what shal/l be tied
Car d: Define friction (optional)
Card@: Bl ank

Card: Set OPTION = 1

Car 8 - 6: Bl ank / optional

Card: Set | GAP = 2

N AdN QeArancAdAn dr NARexcONDZ WdA A nNAAAAT ReacB? AArndeAs
AKre Rec &df dDZ keDZfNr s

I'A Ni ABn*AQONTRACT _AUTOMATI C_SURFACE_TO_GURFATCEAJNEBREAK | D
sticking_ constsattaceReEgNE A?2kN dr OeBn&Nrr NDZKkNARNNA Afne «&df
kaee??t A kAQt aAe At Ndae eacd? gAAKX nerdadeAR At N c?2fkdgMNzeasd ? k N

LT TTTT
111

uAdAdAK QeA, t? TAi DANRe&BAA( f AAA Qe A, 72 A
Figure 51 Example of a rubber tube being compressed by two rigid plates using tiebreak contact with option = 1.

l see ANAOQOA B©?2AN?A

>e ANAQA ReacONr Aa@N fecdrnd\sn gy adirN A AAk? KA &Nr 2 AAR 2t 40Ot C
nerancEeQONrr gAfs >eAAAQA RecEONr KkNAGHERARAKDEA AdrA e RAGMKNQe RA A
BAr kN Ni AcAQANDZ kr ?r N *eCRONRTRACOOIN  FAGIRACNE DIPROANNGS DRUSC EfRe. i@ ENeAGE ATAY e
Qe AANAQOATr R At N ReacON AcEAArD2OQONa&r B?2raA kN DN, ANDZ kAr NDZeA n.

un dr AAre nerrdkAN Ae ekAAdgA ©e?2an?A R QeAAAOQOAd AR AntrN AADZ
intfokN NAR At N ReAAKenadAf raNnr B?2ra kN ReAAKeidNDZ
1 AAQAmDZeR At N QeAAAOQA DN, AdAr(SARNRRAGRBA\R 2t EANAEABNA NGEr
T ' AreR At N tDNWTRABRABIENARY | NTA@RYAJAAK AN REBABZ énnsn
*DATABABXTENT _IANENF ORNe ?  aNDZ A eAN nNBRMRR ? At ReNe? NAQOr AADZ
eR AtN eE gAANaERAON ReacON | ANs _ Nr N AcecN AA&E&NADZ DN, ANL
dat abase_cards _dAtAdiZaitca bkaesye car ds _dsynamic. key
T feac AANAA" r Nr dA énnrsn edma tnaddaesmsR e fNd sge\ ORKIE®Ne ? ANZ k N 2 r N
un dr At NA ENs2dENPANRt ANDD2BBAADZ AGQAN RedE hr DNBAEA A QAT A
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>eAr A GMAAMANDZ A ,NDZ Qe AANAQAT " dAKA Aen e?2An?A OQeArAQr AnRRNGU? E!
nt AN nWAAARDZ A NDZ Qe ANAQAT A~ dAKsS

N fecnAc QeAAAOQAr S dAK e?2An?A OQOeAAAQme DEWEAB OWIYOr dA At N

I &Nneacan ©eR gAdAdAA nNANAcEAAdeAr D2 adA?f dAQAdAAd Arnde/
Arn At N kNPf GQAAGAFT eR NAOt dBnAqdOdan AdBN raAaNnRR A &Nne&a
BAi ¢B?B NnNANAcAAdeA uAkreA?AN AADZ eNAAAQWNU AADZ s AcAd/
kNgA? &NANAr NDZ k™ AtN QeAAAOQAs

dr OAA kN WNa&r ?2r NR?A dgAReacBAAdeA Reac DNk?7 7 ATl @eB W &EF N
eR VWi, ! R nNANAEAAdeA dARe E&BAA ddedNp | dirA DERALr feo £Nra nRence AREG/AFNN N KX
AADZ Aes InetoNu AN uki@PaeEBAA eAAT U Reac O?aWN utdraec' U n&eandAF? s

7 TAANGEAA BeDNAT

dr ANOAdeAe OMNARANEA T NANEAA &NQeBBNADAA deB\e DXeAF ARedDa, Ad B BAd N
ANAK" r NFEhdQAN s-if e A DNAAJQANDZ DNr QaegdnadeA eR VN ! RAx Ndd & A RB
ursU eaeNr NAAAT R Aean AKK BAANaEgAA BeDNAr AcN r?2nneacAaNDZ Rec (
?2r NDRE Al S dAA nadAn AA NaBehs pENr AADRNA §EBgNNA NS

N BAANEdAAXMBIEDMRAECEWI SE_LI NEARMATARR]CI| erBBe A A nAdNOBZAG A
-RER,! AAAA" rNr Ae Ot AecAQAN&Ed' N BNRAAADR @B A &R ARARAX SqiB\t A )@
ANA K% Nt

'A AAANGENAMAT R2 4B AAdrencen’ eac 5 ANBAAGQO KM®DNAGAB dr eR
ANBNnAAAN Reac MATJROZINteBRrencendQ t AeDNAJGAFT AADZ Ae r AcEAdA

*MAT_ANI SOTROPI C_VI SCOPLASTIC_TITLE
Define materi al titl e

Ml D, RO, E, PR, 0., 2, LCSS, 1.

Bl ank [3d:e

N nAcABINGSHE At N AeADZ Q? &% N uE ©eR At N t AeDNAGAPF O? W Ns ! R
DNArdga’ NAOQOsR . WN kAANScacBGir NBR2ea REARKBASJO wWAJHORMNE, AF 7 g At
t AGDNAJAT * QATEY AR? KDZ e R gANNIATADAMAGEYFInse U dr WwA" pK Ake Ot N
BAANEdAAX BeDNA Reac AeANAGANAcE Bdi NDZeac t JANBAADOQO t AEDNAGATF
ANBNNEAA? &N DN NADNAA BAANEdAA nAcABNANGr s
uR A BAAN&EgAA BeDNA "dgat AJANAE drencendO t AeDNAGAF ?2r AP
&NQe BBNADANDZ VA T?s2M NAR eAA" rnNOJRSI Gy N\ ADZMADE rAMAN (NFA AU B e DZ

Bf ge B 6P ARCIGR *€ONTROL_AQCIURAOKAW N dA At N AanAQt NDZ ¢ AC

\nsys ANP N AAR uAQs AT ERA! ¢BRAQLOGA




ETAN eA QAcDZ 1 uAADZeR Qe?2ar N AAre At N NAArAdO nAcABNANGr L
QAr NR da dr Aen cENOWMBEXADPNDZPLA SN _KI NEMATIAC N BRTA BNA N &

fee AQANAcE ¢dBnAdQOda AAAKT r NrR At N BAAN&EdgAA &ENrneAr N dr KAd.
rnEAQAr ekAAJQANDZ WdA At N DFrnAAQONBNAA rek?2adeA aAe At N AdA
nNNeERe &aBNDZ gA A AJQANA&E AMNAATmr QR OAMAN kelk Med\k NNDZr  QOAAs uR OQeA
rA&ENrr Nr AcN R gAAN&ENrA dA A AGQANAGCMANARL REFIRQGAA HAACNQO

BAANGEdA A%Be DA A

un dr tenNWNaE Aen cENOMBBNEDAMSA hEe DN A WKERk M NieNt AW d wKal ANR A A e
ANAK rdr R rdAON da dr A trneNAArandQO BAANEdAA BeDNAR 7t dOt
BeDNAAJGA?T ©R &? k k NagA BARKDZE BANARNDE "®YAPr NYPERELASTUWMATRWSBBER
'A AAANGEAAAGWYW N BAANaEdgAAX BeDAMARe &l MPkk NEEBARWRHE RIB & GO
AKKerdr Reac DI ENOA dANn?A R &ENr?2AAr Race B MBVAA NMOPANATY ANt A QAT
RI' VLI N_RWBBER 7dr dA ? NANcEAA Aean &cNQeBBNAWNEDE ®ealdBdNDE A A AT
BAANEdAAr R r NNReRm N DRAES] KR AN NAArAdQ ENrneAr N dr DANr dEND
*MAT_ORTHOTROPIWAEUROANCKN ?2r NDR r ¢AQON daA dr A tr nNEeNAAr A
AKre Reac AAcEi N NAArandQ DNReacBAAdeArs

fece BeDNAAQAFT e R-AEANNN eNRARANNEQ A (BRR AT U % UR ak N dARINA N R
*MAT _THERMO_ELASTO_VI SQUORT ABEAR'C ICREEPNR? A

—

e BeDNAAJAIMAFFABROPEAR Kk N ?2r NDZ uA dr &NOQeBBNADRMZOASe =2rr N A
tdrR AA NAArAdQO ODEAAIVDZ hentAG i ABBCEODIRTAPAA kN AnnAdNDZ ae At |
t 40t OAA dBnaeW N OQeAWNcE?r NAOKr R r dUESHEA QOREJUAN AN\ ANKA ¢ BN SAA N Qe E
AENUr §r kNAN, OdAA Rfewrx QetAM NBERNIAONR At N RAk®EdQ nAaEaR rt NA,
nt NA FQREW R daA dr AAre IcON®OMRLTENDA DRZ ANABR IAWNBE®R Rr Re a

SECTI ONISHE

11 >

-

* acC

fee At N ReAB* BARNEQWADENSAADIZMATOAMU _CHAR GJd £ OBAMN kO, AKAN Re &
Qe AW NaE?f NAQON Ae r MAB At Mo o BAed A AKNe SHR BYE AfatiglsA k KINNr N BAANGEgAAr
AAre ENQeBBNADANDZ aAe Ot NOt At An AtBU fg? /OferA r Blg DANANR R & %A cd RN
At NA eaMmreAgA Q2 &% Ns

t s@eAAN NRRNOAr dA dBn&AdOoda AAAK" r Nr

TAAT NARAACDO]LQ BAANcGdABEhBeDAAKeGAReiE BeDNAAGAF At N dA_ ? NAC
t AeDNAQAT R Ndgat Ne& WgA A AAK? AAc DN, AQA ABK AR N NAEERDIVDEAT Q7
eaNAArndeAs . dr dr AecBAAKAKT A DANr dga&eNDZ RNAA? &N A Ni nKkdoda A
t AeDNAJGAF BAr kN eR dBneacsr ARQWR AADZNA tANK AreBAA Rexey BN e DZ eENr e
EAANT s

N M BnAgBdd QO ANAANWNER AdBNNAQEABRNN NE At Ah D2Nr Aea Qe caNr
AGBB® At N\WAdBNrd' N BAr kN aAee AAcEi N aAe ADNe? ANNAT &NreAWN

Yf geB énswERR RABAANEAA BeDNAr AN A?2AeBAANJQAAKAT KAdA
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ENQe BBNADANDZ At N ANBABJVOAt N 7  NADZ A B dady  KONA ADZKrNAKAZGN DF NMWe Rk DIz X
ANWNAR Reac AKK QeArada?adkiN r NelDRYHGTE QACONTEBDLAAMRRARIST _DYN
dr _ Af S gdAK tAWN NRRNOAR NWNA dR At N MISSABYORABAKRr gn cAd.

cAAN NRRNOAr AcN DZr Ak ANDZ A keat ¢dBnAdOda AADZ Ni nKdodna A

fceB énnWwERR RArAn cAdA EAAN NRRNOAr AcN D r Ak ANDZ kr DANRA? KA
AOAdWAANNDXTEE i R Wdr Qe NAArandQ e QaNNn NRRNOAr AN eR ¢gAANG
* MAT BERGSTROM _B®YQE RUBERRe BBNRAABZ ne ?r N

,eAN At Arnl RNDEYMNTIBNAGOdA DZ AABJOQOr S dAA QOAAONA At N NRRNOA
*DAMPI NG_PART_STNRFNES 8¢ SitllOm d e A

t sN NeBAA BAANaEgAAr AADZ At NEBeBNOt ANGOQAK E

N At NeBAA BAANaEdAA naeenNa&adNr urnNOd. O t NAAR At NEBAK QeA
At N BNOt ANGQAA BAANGEdAA T Mied/N okt @l OB Dz r MNA mg NfeBAKA BAAN&EdA
-FEh, ! AKK Kk NFMMT ATghBERMALRe e .Ni ABMANR THERMAL _ 1ASeO TDRANQ PA NC
dreancend QR NRNBDMNERADIENA At NeBAA naeenNaeadNr s

feec Qe?nANDZ ANAA" ct Nr R da dr eRANDARRABANANERAANEgAZr Naer NEB ¢
8?2dAN P NANEAA At NeBeBNOt ANQOAAXMBRARAANIEASEI e DNECQPLABSNAC_TH
ufT! yTnnl UR 7t dOt AAAeWANDRuDBMMNNBRINEAARENr AdOdAa" 2r AT AAKK
Ni nENrrdeNXMATAtEANSTI C_PLASTNCYTHMERMALr BnANGER AAAendA? Re
rnMNOd, NDZ An ¢ ANBnN&EAA? &Nr s

8 ~eADZ AADZ ke? ADAxET OQeADFHAdeAr

uA At dr ANOAdeAR reBN ArnNOar «&N?f AcDHA? AeADZHAPr AADZ ke? A
k&g N_r D&r Q?rr ND3

fdgi NDZ AeDAK Qe ANEAREAdAEN dA BERANEAA Ann¥BOADR RARYSIESPeEBEN' 7 e & D2
*BOUNDARWOIBEEENr Qg kW DZeEe K e ? ADAE™ OQeADIHAdeAr uDZr nAAQNBNA/
NAeQdAaqdNr U AcN AnnAJENDZNDARY NP RENS GRIGEEDPT MON) ON _

==

UA QAr N A u, i NDU ke? ADAc' wWEMODHANDE A ndreEar ® RK MAAGQNBRN r dr R g
?2r NBOUNDARY_PRESCRI|I BEPT MOR® OCBBROUNDARY OPPTG BN}JRTH_DEATMNe A

ENQeBBNADBEBRAN At Arn da dr ENe ??WAEARDANDLZ ODAWNNJA eMEBNE Ae Annk
Qe ADZ, A g*eB\OKNDARY _PRESCRI BEPT MONY rONAA Ni ABnANR At N & Nr 5e Dz
At N ,AUuUE nnv QeArAcAdANDZ KNASNNA A 6 0 AADZA 6 nPss ReAKen

*DEFI NE_CURVE_TI TLE
Zero curve

1001

0., 0.

1., 0.

*BOUNDARY_PRESCRI BED_MOTI ON_SET

$# nsid dof vad l ci d s f
112 1 2 1001 0.5 1.0 0
112 2 2 1001 0.5 1.0 0
112 3 2 1001 0.5 1.0 0
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UA eaEDNE Ae OQeAr A aco/DIEJSNDZ ArA s f AR RRGK Be R

* CONSTRAI NED_NODALW RYAGIJD_ BN BBNBORRPDARY?PRESCRI BEGIL MOTI O
AANDZ A W MNAERNDZ Q? aW Ns . dr ~dAK At NA QeArancAdA At N ONAANE eR
BeandeA dqr DANr da&aNDZ Ace? ADZA rnNQd. Q nedAaAn °tdOt DENr Aean O
At N &df gDZ M NERR hAtde A OAA kN ?2r NDZae rnNQdRr A QeecDfAAAN

ONAANGE eR ¢ &A¥ QN NSEAKE uRre ¥ Nhdir e Ar ?2n ae AADZ QAQA? DI AF énn .
7?2 NBOUNDARXeSPEArAncAdA AeDNr ©R «&qdf dDZnAaecar R r dgAQON At Nr N

-fEHh,!s uA At An QArNR A SAGAJATd3BNsrgKMF N dr n&EdAANDZ gA At N

*** Warning 60257 (I MP+257) (processor # 0)
skipping spc on rigiXd body node
tcod =

c eYFcodeZ

un BAr kN ANBnadA?f aAe BAtN ?2rN R AtN nerrdkMAGARIKGELEDOQe Ar
21 AF CMON ALDANRTIONZNAdeAr *eMAT t NIQAIEMR AADZ Ae eBAAAr At dr 7d/
DANr deNDZ Qe Ar Ac&AdAAr aAe At N &df DEMAERS At NA ENR On e, e \N &R dgeON r
Qe Ar AcEAdAAT N NQWA TNDRI@QANGEM®Zt NAAAe A kN ekum&eg ONDZ GAdEsnenAA OAr N
QecaENr ne ADHAFT &ENAQOAdeA RecONr AN eR dgAAN&ENraAR dan dr @&NOQe.
*BOUNDARY_PRESCRI| BEGIADMOZ ADWNAAD? NDZ QO? % Ns

-eADZ WA, +AAceN dA F NANGEAA* L QNDQP NDRN} - nEDE s We ARZ qeNAnn Ad, N
21 AP NJANING AL _STRESSr SRCAL ANNI ABn AN UsRR AN Gnedferr  Be DN A A N D:
NANBNAA*IRNIeTd AL _AX| AL_RERCK eBXRAMBe DNAANDZ k* kNAB NANBNAAT
AnnAr KeADHAFr F cAD2AAA" R Rec Ni ABnAN k' AdANAE EABnrs ! A
n&ENrr?&N eR 110 fTa&A dr AnnAdNDZae rNFBNAA rNA UuE nnny

* LOAD_SEGMENT _SET
$# ssid l ci d s f at
100 100 10. 0.0
*DEFI NE_CURVE _TI TLE
Loading ramp
1001

0., 0.
1., 1.

2. ,1

—e ADHAF A rAacE?0A?aE N WdA n&ENr Qedk NDZ D, r n AAQNBNAA dr eRANA
At N nerrdkdAdadgNr Rec dAraAkdAdadNr eaE «&df dDZ keDFEcBaiaeAr
e ke? ADAc' Gep/\cDadrdmed rn aNr Qad koNDZoBlstAn g AA DB A4 QdAa r AAAGOr R (
At N Rie&ONDZ Ae ADH AT S dAA RAQA @R Metale NdaQE uG AMBENA vt MAArQ BIAE: RNea A
aENrneAr NEFRseN =r ?2r dgAFf A n&ENr QxedkNDZ BeadeA R At N AeADIAT
DANRe eBAMIGNARANGE At N nNAt ReaEcON t Ar kNNA ENAQt ND& uwi\NAWAr N A
kNt AWdeac dr re?fta ?2rdgAf ReacON QeArce AR At N AmQsssA NAF At BN
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Figure 52. Example of different load application approaches. A generic frame structure is compressed by a rigid
loading device

9 Arnt N&e dBn&qdgOoda AANAATr rdr A" nNr

NeEN AacN BAAT ADDZAdeAAK dBnAdOQdnNEMAAATtrgl@t AA NN QA AN/RMA A
DANr Qxedk NDZ A At N na&EeNr NAA DZOQ?BNAAS

TAAT eR AtqN "BWMAvd r e ABMN o RY Re i Ni ABn ANe A% e uslA BZend YNNGV 2 r N
4BnAdOoda rek?2adeA rQt NBNrs . NrN reAWNaer AN Aea AcNAANDZ ¢

10MeD®,, OAndeAr eR OeAnce XA OQA&EDZ r NA A/

un dr t AxcDZvVEd , DN OkMAe® A QA&EDZ r NAAdAFr At Arn AcEN ?2AdW NaEr AAA
N naeeWw gDANDZ AQA?DAN | ANr rr?2nn&" rrNAaAdAfr "tdOt n"ect JA Be

AEN ANONrrAErs ! RNR &NQGeBBNADAAdeAr ReAKen
T fec tdf tMKoAMARA naeEek ANBrR At N DNRA?AA rek?2adeA r Qt NBNR
At N raAadgRRANrr BAA&di D2a&dA? At N gANEAAde R?P RABANGSKBAGAN
rek?adeAN r Ot NBN OAA kN IAIQIA M A VDEXBRE &r WRrexed Ni ABn AN s s
*

CONTROL _| MPQL ECTYIAN At dr OAr NR WTROR/NDZE EWE N e R

CONTROL _| MPLIBAA'T AMUTeO eNe? d&EN BeDZ, OArndeAr s

T . N gAQA?rdeA eR 7 NekBNAradNJNNGCEMFGREONTROL | MPLI CUTO@G/AENERAI
reBN QANNKkNAN, QgAA Re® Qesl NEABANEN JA r BRRAndeAd A R |
A N A rrdMrNAsg, A 7

T . N OtedON R AdAN r NAGKONT RBONA tleMEZ sl GRIBASOLYUBNOYBN kN eW
Qe Ar NeWAAJWNs ua BAr At NA tNAn ae ?2r N At N DRSRAPDKA DZA d A N
k KAAL s

1 uA reBN cAacN OQArNrR At N naceW dDANDZ Qe AW N&Ef NAON rr NAAGQAT
Reac Ni ABnAN kN &NnNAANDZ eQQ? ccNAQON R éMy éuMr AADZ DNQa
At N rek?adeAN BAr RAJA Ae OQeAWNacif Ns WRAQNachNE&WNDZNBA BAT Nr
nerrdkA& kKN B@T @B ANINRBsAIN e ODHAORMNA @ A
* CONTROL _| MPLI CI GASOEDM&EONe Ace? Kk ANrteean At N QeAWNa&i NA

*
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BAL AT AAT QiORMMMNME! NAQON Ae ENEARQN( | WRLA Cl R_GOLYTI ONce
cENQeBBNADANDZ rne fe Atace?2ft AtN AcEe?kAN rteendAf 7 ?2dDN ¢
f fceB é¢*RWABBOAE]O Ne?ArdeAN redhW¥Ne dr AWAJQAAKANLCPALKr el
6 © *€C/ONTROL_| MPLI QJ TBASOLAYEDR QeR\ ¥Rt NWWQONBn AN dA OQAr Nr 4.
Qe ANAQArdEGAOE NR, Qd NAAfre ee Rk adRraedND Ardee?ANsA A AANAKT r Nr R At dr
1 uR BAA" rNnAcAAN AeADZ QAr Nr AcN Ae kN reAWNDZdgA A KdAN
RAOAeEd' ArndeA R At N r A QNSFOLNIR ¢BE\QNEGROLK ' | MMIAIAQI/SHE NSIOL UT

ANOA 6 sN

fee A BeaeN Ni ANArdgW¥N Ace?kANrt edAd2 euNBILHDABRN rRNNEA!t gl /0D%RI B N
At N Beran dgBnecnAAAN QeAnce A OAcDZ «&NF AEDHAT ¢BnAJdOda AANAK"

\I‘ISYS AN ARR uAQs LAr T ERA!

4BnKGOdA



Appendix A

1?2kkNeEe BeDNAJAFT Reac 4dBnAdOda AANAAT ¢

nns@AOLt TP cee? ADZ

dr AnnNADZI QeAAAdAr A DANr QadgnadeA eR ENQeBBNADNDZ r NAAGA
d8nAdQEM, -

uAeBRArNrR At N DNRA?AA e F NANGARNDBNOe BE NB®ODNAL QA A ¢g)BARAAA d e
eR a?kkNa& BAANaEdAArs . N n?cereerNANVNAAT @ DBEAQNBINRe e mt N ?2 r N
QAr Nrs . N RNAA?&Nr At Arn AcEN DANr Qcdk NDZvEh, Wt YNEDBOA BE N At

nn §AANEAKX BeDNAr
. NeN AcN BAAT BAANacgAA BeDNAr AWAJQAAKAN Reac AENAA'R dgRWPaE E? Kk
Ni ABn AN

A *MAT _HYPERELASTIC_RUBBER (*MAT_077)

A *MAT_SI MPLIFIED_RUBBER/ FOAM (*MAT_181)
A * MAT_MOONEY_RIVLIN (*MAT_027)

A?x® cNOeBBNADAAJeMATrARRAPNNBeDNA R OtedON Reac a?kkNa BA,
Ni n NedNMae@)k ANBr adat At N OMaA&WNI SANGRevRAREYA BeDNA dr Aea
cENQeBBNADANDR k?A Reac aEaNAAAQWNA"r rrdBnAN OAr Nr da BAr SeatR

O A

o ¥

Figure 53. General rubber response curve.
11217 ! yTohaeMéM-! Ayu>TéC==Mé
dr dr AtN ENOQeBBNADANDZ BAAN&EdgAAK BeDNA ae ?2r N At NA BeDNAKJ.
rdB?AAndevEBh, 8 oM Atdr BeDNAR At N ?2rN& BAr rnNOGgR" ?2n ~ae
BAANGEdAA k NtfAQrPectd\R urRNNR AXKT >nn AADZ >nn dr DN, ANDZV& ¢ WA @& DN X
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&?kkNe BeDNAs . N DHRRMANADAPANAL MMAdMOAr N eAA" At N raAkdgA
BAANEgAA BeDANAs

N ?2r Ne& BAANDEANA RaeeB ANrar aAe | AUAAN MAEABNANGEQ? a%wNs  dr
ot NA ABPRLFFNABN . N ?2r Ne At NA rnNOd. Nr rf AR r AR freae AVDErA QdnDY
-MEHh,! SdAA naEadAaA At N . A NDZdBAsABNR NeeN A BIiER NiRe @& me rNa |
Hyperel amat edf¥afeac OeBNAdAT emt N Hig AeoiediNzere o R crutr VvV e pAMyt 1
OQxcNAa NDZ

*MAT_HYPERELASTIC_RUBBER_TITLE

MAT_077_N=08
S mid ro pr n nwv g sigf
8 1.2000E-9 0.499500 c] 0 0.000 0.000
S# cloe cOl1 cll c20 co2 c30
0.550880 0.137700 0.0800 0.000 0.080 0.000

Figure 54. Hyperelastic rubber, n=0.

*MAT_HYPERELASTIC RUBBER TITLE

MAT 877 N=8
S# mid ro pr n nv g sigf
186 1.2000E-9 0.499500 1 0 0.080 6.000
S# sgl sW st lcidl data lcidz bstart tramp
l.008000 1.000000 1.0000080 1234 0.000 4] 6.000 0.000

Figure 55. Hyperelastic rubber, n>0.

N racAdA NAN&Efr R?AQAdeAAK dr DN, ANDZ Ar ¥

W(Jli‘Jz’J) = a Cpq(‘Jl - 3)p(‘]2 - )q +WH (‘J)
p.g=0

Where;

l,,1,,1; = Invariantof right Cauchy GreenTensorC

1M22¢ 7! yThufe-uf uMETéC==Mé$f Al ) ) 5
dr BAANEdAA BeDNA BAT AKAre kKN ?2r NDZ Rec BeDNAGAT &?kkNaeE k
&?kkNe nAcABNANGEr &8 Ot AAx NABIBe\DRNK Ykr? AMADZ A Nr A DZRA AfNINENE N, Ee
sls . N BeDNA dr DAWNAenNDZ Rec dAQeBna&Nr r dk ANRRae AN BRBIMINA NA A DZ
®edrreAyr A?BkNa& dr ANrr AtAA nso¢vss _eaN AtAar At N ANArdK
DANNADNAA eA eAN @A each NRZROe B mMANMN DAA A A aNk QAR /O AANR2A &N -
f gf ?dRec AA Ni ABnANs
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*MAT_SIMPLIFIED RUBBER/FOAM TITLE

TFU
5# mid ro k mu g sigf ref prten
11 1.1700E-9 10080.000 0.008 0.800 g.0e8 0.000 B.000
5# sgl S st lc/tbid  tension rtype avgopt  pr/beta
1.0008000 1.008608 1.000000 1154 -1.000000 B.088 0.000 O0.000000

Figure 56. Example of simplified rubber/foam material card.

Figure 57. The top image shows three different input curves, engineering stress vs. engineering strain. The
bottom image shows how the input of compression data affects the result in tension for
*MAT_SIMPLIFIED_RUBBER_FOAM.

 M23F 7! yTTAAEMG-u, TéC==Mé ) ) ) o
M¥NA Ate?2ft aAtdr BAANEdJAA BeDNA BAr fect RecE rdgBnAN OAr Nr
BeDNAAJA?T R ac?kkNac BAANEdAArs . N BeDNA dr nen?AAc D2N ae
Ni nNeEdNAQON dArAAkdAdar AADBecE eatANcE RGes\ WANAGEEF NVA (DN Rdierar B2ARhrdRe AN
édWAQAN BeDNWAGABRANGeac? kk NE& BODBMARJARNN eAAT Afe nAcABNA NG
2r NDZ Ae DI ENOA AT DANr Qcdk Rt AN Ne NE ApveNe NA 20 2ceWirNn eBRrrM kN W NaEr X
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