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Abstract

The main objective of this work is the numericahlgsis (FEM analysis) of stability of three-layededams with metal foam core
(alumina foam core). The beams were subjected tte pending. The analysis was divided into two pditigear buckling analysis
and nonlinear post-buckling analysis. The analgi®cal buckling as well as the influence of getnical parameters of the beam
and material properties of the core (linear andlinear model) on critical load values and bucklisigape were performed.
The calculations were made on a family of beamd wlifferent mechanical properties of the core ¢@daand elastic-plastic
material). In addition, the influence of geometricaperfections on the deflection of the beam anchral stress values of the core
and the faces has been evaluated. This work istlésatarting point to the further research, intigdthe analytical ones, related
to the analysis of local loss of stability of trHlegered beams with light foam core.

Keywords: stability, buckling, sandwich beam, FEM

1. Introduction

Multi-layered structures appeared in the mid-twethticentury
and, with them, the problem of their stability. Yheonsist of
two thin face layers which are separated by theeristof the
core. The material of the core is thicker and lagel density
compared to the material of the faces. Howeverfabes may
differ in thickness, material, or fiber orientatjoror any
combination of these three. Filler layer is reqgdite provide
sufficient stiffness of the construction [1].

Typical design goal for sandwich structures is Higinding
stiffness combined with low weight, which makes thse
of low density core materials desirable. Due to telkatively
small transverse normal stiffness of these coremnaiderable
loss of stiffness of the sandwich can be causedldogpl
instability phenomena such as buckling of the femeers at
short wavelengths. This fact leads to specific gtesriteria for
sandwich constructions [2].

Each construction, including three-layered consious;
regardless of their type: beams, plates, shelks;sabjected to
load. They become systems, which are sensitive htar t
geometry, type of material, shape imperfectiongratter and
intensity of load and additional environmental émst Their
properties are strictly related to working condigd3]. One of
the most disadvantageous type of load is buckling.

Buckling of sandwich structures usually causes wirigk
of the faces. Wrinkling is a stability phenomenssariated
with short wavelength. Wrinkling phenomenon is imtpat for
sandwich constructions having a continuous low-itersore
material, e.g., a plastic foam. For honeycomb arugated
cores, this type of instability will not occur imgetice, although
local buckling of other types (intercell buckling)ay occur.
The wrinkling may be symmetric or asymmetric widspect to
the centre plane of the core [4].

In this paper the results of numerical study ofdsénh
beams vulnerable to wrinkling are presented. Thadyais was
divided into two parts: linear buckling analysisdanonlinear

post-buckling analysis. First, a linear stabilitpu€kling)
analysis was performed to determine the criticatllgalues and
to define the relevant buckling modes. Post-bugklmalysis
allowed to measure the deflection of the beam dsasenormal
strain values in the core and the faces.

2. Research methodology

The finite element analysis has been prepared thihuse
of ANSYS software. Due to symmetry of the presentextiel
only a quarter of the beam has been modelled. Gistcains
have been applied between the core and the fatesupper
and the lower face have been retreated from the lmphalf the
thickness. The model was supported to block theemant of
the nodes of the core and the faces in perpendipldae to the
axis of the beam.

The FE analysis performed can be broadly classifital
two parts: linear buckling analysis and nonlineastgbuckling
analysis. The main purpose of the linear bucklinglygsis was
to calculate critical load according to variablegerties of the
core and the faces. Further, the linear bucklinglenshapes are
required in specifying the imperfections neededttigger post-
buckling in the non-linear analysis.

The sandwich beam considered in the paper is simply
supported at both ends and loaded with two equabibg
momentsN; — couple of forcesplaced symmetrically (Fig.1).

It was assumed, that in critical load, the upperefduckles
(wrinkling), while the lower face remains flat. TRE analysis
was performed for 2D model.

Three-layered beam with length = 400 mmand width
b = 100 mm consists of two metal faces = 0.4 mm
(Ef = 210 000 MPa), and corg = 20 mm E. = 1000 MPa)
(Fig. 1). In addition, in place of support of theam, rigid
membrane has been modelled in order to avoid local
deformations caused by a point force (Fig.1). Roisstio and
Young modulus of the membrane were as followg= 0.3,
E,= 2-10° MPa. PLANE 183 elements have been used to model
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the faces and the core of the beam. For the catetanfaces —nonlinear model —linear model
modelling solid elements have been used. ) 12
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Figure 1: Schematic model of three-layered beam —nonlinearmodel —linearmodel
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3. Research results Fy= 1500 kN | os
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Buckling modes obtained for linear and nonlinearlysis " o6
are presented in Fig. 2. For linear model, buckingde has 3
a shape of short waves. The largest value of thplimme [ 0-4 =
appears at the centre of the beam and decreademuariéasing oz =
the distance from the plane of symmetry (wrinklafghe upper )
face is not uniform on the whole length of the bpafor 0.0
nonlinear model, the amplitude of wavelength is enoniform 01 01 0.3 05 0.7 0.9 11
than for linear one. normal stress values in core [MPa]

Figure 5: Normal stress values of the core
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4, Conclusions

The main objective of this work was numerical asiy
of stability of three-layered beams with metal foarore.
Regardless of the material of the core and the fdwaskling
mode for linear and nonlinear analysis was simif&ie changes
were related to critical load values. Post-buckliagalysis
allowed to estimate deflection of the beam and m@brstress
values. The value of the deflection, at the sanwd,lovas
greater for nonlinear structure of the mechanicaperties of
the core. In addition, the analysis of the influenof
i ) i ) geometrical imperfections on deflection and nornsaless
Figure 2: Buckling modes for: a) linear and b) nimer values was performed. It was concluded, that ingo#idns
characteristic of core material have significant influence on deflection values wasll as
normal stress values in faces and core. This wotke starting

——nonlinearmodel —linear model 2 point to the further research, including the ariedyt ones,
imperf. — 0.01 mm related to the analysis of local loss of stabibfythree-layered
Fp= 1500 kN 110 beams with metal foam core.
{08 20
Foz 5 References
. 141 0.6 &
@]
1 04 ='_ [1] Vinson J. R., Sandwich structure\merican Society
| o2 i\° of Mechanical Engineer$4(3), pp. 201-214, 2001.
. . . . ‘ 0.0 [2] stiftinger M.A. and Rammerstorfer F.G., Face éay
32 26 20 14 8 2 Wrinkling in  Sandwich Shells — Theoretical and
deflection v [mm] Experimental Investigatiorfhin-Walled Structure29, pp.
Figure 3: Deflection values of the beam for linead nonlinear 113-127, 1997.

analysis [3] Pawlus D., Stateczi§é dynamiczna trojwarstwowych piyt

. . . . pierscieniowych z rdzeniem lepko sgystym, Rozprawy
Deflection values for different material properties Naukowe 399, t6¢, 2010.

of the core are presented in Fig. 3. The valuéhefdeflection,

at the same load, was greater for nonlinear strectd the [4] Hadi B.K., Wrinkling of sandwich column: compsoin

mechanical properties of the core. between finite element analysis and analytical tgmis,
The values of normal stress in the core and thesfac Composite Structure$3, pp. 477-482, 2001.

are presented in Fig. 4 and 5. It can be shown thiese values

are significantly different from each other, depegdon the

properties of the core material.



