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Abstract: This paper presents a new developed ultra-lightweight composite sandwich with
very good mechanical properties suitable for aerospace and defense applications. The 13.8 mm
thick structure has a 3003 aluminum honeycomb core with 5.2 mm cell size and two opposite
skins made of woven glass fabric reinforced epoxy resin laminates. Very good stiffness and
mechanical work have been obtained during three-point bend tests. Samples have been subjected
to load at break and up to 50 mm deflection. More compact values of mechanical properties have
been obtained at break than at 50 mm deflection.
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1. INTRODUCTION

Sandwich structures present a wide range of applications. Basically, a sandwich has a
continuous or discontinuous core made of lightweight materials providing mechanical
stiffness [1, 2, 3]. This core with more or less thickness is bonded with similar or dissimilar
opposite skins to form a load-bearing structure. The quality of interface between core and
skins will depend the subsequent mechanical behavior of the sandwich structure. Therefore,
this interface plays a major role in determining the structure’s mechanical properties. It is
essential that the core should be as lightweight as possible taking loads only perpendicular to
its surface [4]. To avoid skins buckling in compression loadings, the core must have a
satisfactory stiffness. Skins can be metal sheets or polymer matrix composite laminates based
on thermoplastic or other resins [5]. Polyester and epoxy reinforced composite laminates
are usually used in a wide range of composite structures. As reinforcement, glass fibers in
form of chopped strand mats and roving fabrics of various specific weights are commonly
used. To choose a material for a specific application is quite a challenging task. The user
should consult the supplier for detailed mechanical property data on current materials,
together with wider databases required for other property data (e.g. electrical, thermal,
fire properties, surface finish, etc.), process information (e.g. gel time, working life,
curing temperature, cure time, mold release temperature, etc.), as well as material or
process costs [6]. For composite applications, most design procedures, whether simple or
sophisticated, will be based initially on stiffness data and will often relate to strain or
deflection limits design [7, 8]. Consequently, Young’s modulus values are normally
required for the main in-plane directions of a composite laminate using orthogonal axes
[9, 10, 11, 12]. Young’s modulus is an important feature of any kind of material since
represents its stiffness [13, 14, 15].
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In addition, many applications of composites are based on thin-walled structures (e.g.
thin pultruded profiles, skins of sandwich structures, etc.) [16, 17, 18, 19, 20, 21].

2. MATERIAL AND EXPERIMENTAL SET-UP

Following new lightweight composite sandwich has been designed and developed
presenting this architecture (Fig. 1): two skins (0.55 mm thickness) composite laminates
based on two layers of 380 g/m? specific weight woven glass fabric impregnated with
epoxy resin and a 3003 aluminum honeycomb core with 5.2 mm cell size (12.7 mm
thickness). These skins have been separately cured and glued to core using high
performance epoxy adhesive film. From a panel (1250x380x13.8 mm), ten samples with
following dimensions have been cut: samples length: 280 mm; samples width: 30 mm;
samples thickness: 13.8 mm. The sample width is measured with an accuracy of 0.1 mm
in its central section, then three thickness measurements with 0.02 mm accuracy are
performed and the arithmetic mean of these measurements is used for subsequent
calculations. The test speed is determined in the following manner:

e For material’s characterization, the speed value is equal to half the value of the

specimen thickness;

e For common tests, the speed is set to 10 mm/min.

The sample is put symmetrically with respect to the parallel supports ensuring that the
sample length is perpendicular to them. The central crosshead is positioned exactly at the
middle of the span and a load is applied with uniform speed avoiding shocks. To
determine the Young’s modulus of bending, the load/deflection values are read
simultaneously. The machine software is able to draw a true load-deflection distribution.
The experimental set-up and details of three-point bend tests are shown in Figs. 2-4.

FIG. 1. Sandwich with 5.2 mm cell size FIG. 2. “LR5K Plus” materials testing machine

FIG. 3. Sample on three-point bend device FIG. 4. Loading detail
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3. RESULTS

From total number of samples, half of them have been subjected to three-point bend
tests up to break and half to 50 mm maximum deflection on a “LR5K Plus” Lloyd
Instruments materials testing machine. The three-point bend test characteristics are:
testing direction: compression; test speed: 10 mm/min; test method: three-point bending;
span between supports: 240 mm. Load-deflection distributions up to break of five
sandwich samples with 3003 aluminum honeycomb core (5.2 cell size) have been
experimentally determined using ‘“Nexygen Plus” materials testing machine software
developed by Lloyd Instruments (Fig. 5). Distributions up to break of Young’s modulus
of bending versus stiffness as well as work to maximum load versus work to maximum
deflection are shown in Figs. 6-7. To see the subsequent behavior of the composite, other
bending tests have been carried out on five samples up to 50 mm deflection. These
distributions are presented in Figs. 8-10 and a comparison between distributions at break
and at 50 mm deflection are shown in Figs. 11-12.
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FIG. 5. Five load-deflection distributions up to break
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FIG. 6. Distribution up to break of Young’s modulus of bending versus stiffness
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FIG. 7. Distribution up to break of work to maximum load/deflection
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FIG. 8. Five load-deflection distributions up to 50 mm deflection

2400
2300
2200
2100
— 2000 r
Dczs1900 5
=
— 1800
1700 |
1600 |
1500
1400 1 1 1 1 1
30000 35000 40000 45000 50000 55000 60000

Stiffhess (N/m)

y =-1E-19x2 + 0,042x - 2E-10
R2=1

Young's modulus of bending

FIG. 9. Distribution up to 50 mm deflection of Young’s modulus of bending versus stiffness
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G. 10. Distribution up to 50 mm deflection of work to maximum load/deflection
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FIG. 11. Young’s modulus of bending versus stiffness at break and 50 mm deflection
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FIG. 12. Distributions of work to maximum load/deflection at break and 50 mm deflection
4, CONCLUSIONS

Load-deflection distributions of sandwich samples present a load variation between
500 - 950 N until irreversible damage occur. It can be noticed that the deflection that
caused irreversible damage (drop of load) inside the composite material varies between
10.5 mm and 22 mm. Frequent deflection value at which irreversible damage has
occurred was 10.5 mm. The developed sandwich of 3003 aluminum honeycomb core with
5.2 mm cell size, bonded with two layers of 380 g/m® specific weight woven glass fabric
impregnated with epoxy resin presents low weight (under 10 kg for a panel with
dimensions 2500x1200x13.8 mm) and high stiffness. These unique characteristics make
this structure suitable especially for aerospace and defense applications, like shelters,
doors, floors and other specific panels with maximum temperatures range up to 80°C.
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