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Abstract

A recent 4d4nesg®OEd pl ane fi-ATE@G4 el emgane US| i zec
finite deformation anal yAilTFQ4Siconaeé at hethei &lon
anal ytical solutions of governi mg peogsueadt isadmmrsatfec
tdda with tahneasley tliicnaela (tAMiFal) t fthuem éhtyigpeemrse | ast i ¢ f i
anal ysis. tAss umAlimhsg dadmtproper, yamwoalkgomi teltarm hf o
deformation atradikynwtAThs eirpodesi gned. Furtherr
ATFs referred to current configuration is disdc
a speci fi eHdo omheedal ,morded |, iI's employed bDATRHS4AI f vy
for hyperelastic finite deformation analysis.
only remain the high accur agegomaedndarelaihd gld rs t prrc
but al so possessirrextcled | earmp pangcdoiodplimee rsasre bgluea shiy p

deformation problems where the strain is | arg

"CorrespoSodnignBeprnar b Eegi neeri ng Mechaniknsgi nSetehroionidh o0& , LBEVE PRIGE
10040C8h i.B-maiclensong@t si nghua. edu. cn
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1. Introduction

How to correctly simulate the incompressible
finite el ement methodserdem evhe mébtpEomeodeant svem g |
in those problrémsiincwomlpyvicd®]i.hkTlah entaetfeorriea |l sr gs e
make great efforts toa dkeav ell emmetntes adhwanaadck Ifa
earl i er tigneq mewtiltihcienh ttylreatn giel, a Pdeat@i[fdnlo.pr oposed

assumed stress formul ations and the enhanced

solve the nearly incompressible poondérmsl @ifme h i
be more Sognhbht@mreearefamdmaltaon anal ysi s. Rel a
in various | thteermatxwerde svy,arswmdh oamsal eme @fihodshedenie

u/p formulations pr opd]s,edt hbey gSeucssmsertarni ca nndo nB aitnf
enhanced assumed settr[@iln tehe neat sodfprSomosed b
a9, ] 10an®Resendhy, new appmaaechesal sowihhperglaa
analysis can stilltuee FowurSexharmipdeay iedusall.i tperog
finite el ement b aWesdhi@mu grmodi pil ed MWhi ch shc
sensitivikRbyart meelholdMelt | earbt udi eSdyuar & ®vaasnii xaeed o n
formul ation for hyperelastic dedmd miaits phic eomes
Wul firmghapfoposed a hybrid discontarnmuwlwedtiiGdnl e |
is free of shear and volumetric | dddiiohnhdg et eh
al propos-€dsaeMactr oint EIl ement for isotlrfagpi c
G¢l tetki amd y st esntautdiiceadif liagnl-Walshhe & u mi xed finite el
ani sotropic hyqpf&r ealnadswoiticknemashdsirtnugdsyts aolffi 1 i t y can
in refke@dPnces |

The unsymmetirei @l emegipmnmplolged beyt. Raajl srodreaxrhi bi

advantages to solve the incompressible probl



el emei@tPs n hbeobmetlrimadad yand nonlHiowea mresiestt ied teime
possess some inherent defects, such as direct
for-olrdwr el ements, so rthahte tphreayc tdgea | B gatpi psl U i coadt
the analytiicah ¢(ATR) meatmhod and t hel2)Ceaeetr.adli z
proposed a series of[2Bdwhansygymmebrvieccememants
greatly | mprTohvee umrseycminseitansc. fi nite edreametnts anes
interpolation (test function and tri aGalfeurnkcitn
formul ations. Simi[83&r tthoe tAMTe& Thred fhfotdz umnsedtdhroidiset
el ement method employs the homogenous solutio
trial functions for finite element discretiza
model s possess hi gh dprneacniys ilooncsk iansg wperlolb | aesmsa v oF
or duenrs y mmentordidg,OM8 pl ane solid e-AEmM@AF e x hdibbeidttse d
per f or mamocetx it shtaiordge 491 ane el ement model s. It c
streasisn/ sqtfrd ers)t patchotest patdclsetctesd f or pur e
proved i mposssyinbmedinrdicdedd,O68 pe an ¢3 3¢ ], e3denrdt i s free
l ocking and othibe keyvckpnwdpsadaipgkcesgesnent of the |
solutions of governing equations of | inear el
However, some researchers believe that those
governing equationsfohctiopar wl hbktbeitymased
el asti c [3sh Acataua lolngsn a Ityhteiscea | t AT Rd )wdadrc webbs ir
geometmorlailhgar probl ems i f an apparso psrhioantne iunp
[29]. Thiasl sfoacvter i fi es that the proposed assumpt
i ncrement . On the other hand, it s ho[2Pids boen Inyo
Il i mi t egle d me ttmhoec lail hgar pr cldlreamsn wilsersenvthth kehmantae i

par ameters remain constant during theAswpfdat e

hyperelasticity problems with | arge strains,
considered gihmulgteoamedusicya.l |l y nonlinear scheme
directly and easily generalized, tbebgepeamal asi

par ameATeRrss ar e ®aonty cnoonrset.a nt
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Il n present paper, a new strategy is proposed
where strain i s Joadge, uarsd mmiee r [FACTnFgA4a nlso wleeme

to hyperelastic finite @eefporompatsieadn samaleygiys 4d

as foll ows. At the beginning of Section 2.1,
unsymmetri c-ATeH @dmeing MUSvi ewed. Then, an algori
gradi enti,ntwhripcohl aitsed by ATFs, i's designed i n S

corresponding ATFs referred to current confi gt
hyperelastic materi al -HHodkelan ansse€@gé ¢iofiised umo d &
the present formulation in Section 2.1.3. The
I n the %$®d¢ tBioviviag i ous examples are tested to
show that mheapresentdtt fonly remain the high a
t hgpegeometmomrlail hgar problems, but also possess e
guasnicompressible hyperelastic fisniltaer glef or mat
Note: in order ttypeaaarappetnheinotatliowing sert
only by bowhi lad pthhaeb ehast ri ces and vectors in f|

bold alphabeflanflgetrieesrpewittitvel y.

2. The formulation of unsymmetric elements for hyperelastic finite deformation

2.Tlhe i nterrrcael vreadalr tfcmoempuuntsaytmnobhSAd Q4 | €

As shown in Figure 1, a body Tehxemeuriil @ bad sum clo

of a system of t+tbDbnanhebel esmpnessatd &ai me
, oy
wher e and are the el ement external and int

Te gener al approach to this romtlemesnos!l wtqiuan i o
solutions fortarlkee kdhiosvor etnal ttihrmae s o It#Ditniecends tfoorb

determheeredEglyataonbé written as:
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