256. Calculation of Vibrations of an Incompressible Elastic Structure
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Abstract. Rubber and photo-elastic materials at elevategéeatures exhibit incompressible behavior. Theatibns of a
structure by taking the incompressibility consttaimo account by the penalty method are analyfetluced order
numerical integration of the penalty term is pearfed. Graphical representation of volumetric straibghe points of
reduced integration is proposed for validationhef talculated eigenmodes.
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Introduction

N o ..
Rubber and photo-elastic materials at eIevate({N] 1 , @)
temperatures exhibit incompressible behavior [1]. 0 N,

Vibrations of a structure in the state of planeistrare

analyzed. The incompressibility constraint [1, 2,48is  \yhereN, are the shape functions of the finite element.

taken into account by the penalty method [1, 3]dirRed The stiffness matrix has the form:
order numerical integration of the penalty term is
performed [1, 3]. T

Graphical representation of volumetric strains ra t K] J- dXdy+
points of reduced order numerical integration ispmsed €)
for validation of the calculated eigenmodes. + j[B]T AB dxdy
Finite element model of the structure where:

The nodal variables for the analyzed two dimendiona oN,
problem of vibrations of the incompressible elabticly in
the state of plane strain are the displacemeatsdv in the OxX
directionsx andy of the orthogonal Cartesian system of [B]: 0 ON, @)
coordinates. oy T

The mass matrix has the form: oN, oN,

oy  OX

[M]= [[N] p[N]dxay, 1) -

wherep is the density of the material of the structurd:an
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[B = % % :|, (5)
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Fig. 2. The second eigenmode
o - elalo[aloa]o]ea]ale|e|le|ele|cle|e
where the shear modulus: T
|®|e|e]|e|je|ejejoje|oje|e|c|C|C |0
E ||| o|lea|a|jla||e|e|e|ele]|e|[c]|o6
G:_, (7) e|le|lo|o|lo|o|la|olea|ale|ele|c|e]|o
3 ® o|l® el [CRNC [CHNC] [CHNC] |6 [CHNC] €]
where E is the Young’s modulus and is the penalty [2]°[>1*1° e ®l®|ejejejejejele]e
parameter for the incompressibility constraint. Thel " | “1° 1 [*[*[®[*l®]®@eje]=]e]e
calculation of the second integral is performedngsi =122 121212]®]®l®lefejeje]e]e e
numerical integration rule of reduced order. Fig. 3. The third eigenmode
The volumetric strains for the eigenmode are &
calculated at the points of reduced integratiorepaf the
second integral of the stiffness matrix:
ou oV [z
—+===[B]ls}, ®)
ox oy

where {} is the eigenmode.

Results of analysis of vibrations of the incompressible
structure

The rectangular elastic incompressible structure i[ |
analyzed. The length of the analyzed structuregisaketo
twice of its width. All the displacements on theftle
boundary are assumed equal to zero. The volumetr
strains for the eigenmode are calculated at thetpamf .
reduced integration order and represented in alecirc —
around this point as a black angle from the positiv Fig- 5.
direction of thex axis. This angle is equal to the volumetric Em ©

The fifth eigenmode

[CHK¢] Gle

ele [ele|ale|e|e)®
strain multiplied by_ a large constant. This constan  |s | e|o|c|e olelolalalalalalole
chosen for each eigenmode in order to achieve lgisib [¢ |¢|¢ |c|e|cle[cle [alaale |ale | @
representation of the results. clelo|sle|ele]|olelalolalolalslo
The first eigenmode is presented in Fig. 1, th@sdc [¢|e|e [s|c|c|c|c|ec|c|e | e|e|cle e
eigenmode in Fig. 2, ..., the tenth eigenmode in Fig. o 1 als ololelele|ele|ele]|s
(o | 5l slele|e|le|cele|ele s
Eﬂ@ ole|elefelelelel®l®]ofe]e

Fig. 6. The sixth eigenmode

[c]

Fig.
16

1. The first eigenmode

Fig. 7. The seventh eigenmode

© Vibromechanika. Journal of Vibroengineering.02@anuary/March, Vol. 9, No. 1, ISSN 1392-8716



256.CALCULATION OF VIBRATIONS OF ANINCOMPRESSIBLEELASTIC STRUCTURE J. RAGULSKIENEY, A. PALEVICIUS?, K. PILKAUSKAS?, L. RAGULSKIS®

jT@ P S P Y A g 2jejefee This .graphical representation showg the quality of
P I s I I ey P P ey ey e - R satisfaction of the constraint on volumetric steafar the
° eigenmode over the whole structure and thus sdovahe
clelejeleloplolololeleletele e validation of the results of calculations.
e ] ele|ele @ .
e |e elo|o|le|ele|cleiclo i@
e lelefeleTele oo eloolede - Conclusions
7 ele|elo| e ? olo|alelele ele | ©®
Fig. 8. The eighth eigenmode Vibrations of a structure in the state of planaistby
taking the incompressibility constraint into accoby the
lelelele el oo Tee oo 22 ] penalty method using reduced order numerical iatégm
R I I i I N K I O Y A of the penalty term are analyzed.
2 ele|elol®lelele|eleejelej®]e® Graphical representation of volumetric strains la t
e |sle|eleielelele|olejejeofele]o points of reduced order numerical integration ispmsed
elelele|®l®|®)Clojele|e|®|®[®]® for validation of the calculated eigenmodes. Thipgical
o [olalelelele]|slslsle|o]s]s]c]s representation shows the quality of satisfaction thod
e Tele [elelclo|slssls]sls]]c]" constraint on volumetric strains over the wholedre.
e o‘o elel%lo el |glalalel®|®]C
Fig. 9. The ninth eigenmode Refer ences
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Fig.?). The tenth eigenmode
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