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Abstract. This research paper deals with an investigatiothef mechanical properties of

sandwich structures consisting of High Pressureihata facing layers (HPL) and various

types of cores that are produced by vacuum bagggebnology. These materials are

connected with different adhesive layers and qualitconnection to individual materials is

evaluated. Moreover, prepared sandwich structuregested in three-point bend. Based on
the results, suitable combinations of individuakenials are proposed for sandwich structures
with regard to the quality of the adhesive bonding.

Introduction

Sandwich structures are layered structural compasdterials that find application in many
sectors of industry where they replace conventlpnaed materials. The main application
areas of these materials are aerospace, transportanhd civil engineering. Individual
structures consist of a light and weaker core, thwo and stiff facing layers and adhesive
layers, which bond all these materials togethetiain a necessary load transfer. [1,2]

These materials stand out particularly for largadral stiffness and flexural strength, high
impact resistance, and this all with minimum weig[8] All these properties depend
primarily on the quality of the bond between indival layers and on material selection. The
lack of adhesive or non-uniform application of aglfie can result in the decrease of bonding
strength and thus to the weakening of the entmecttre. [4,5] Many previous studies have
examined the influence of adhesion quality betwd#enfacing layer and honeycomb core,
however, no research has dealt with other typeso# and specific types of foil adhesive.
[6,7,8]

With the growing interest in the sandwich strucsyrne range of suitable materials for
both facing layers and the core grows simultangouBroducers are trying to adjust
properties of the existing and develop new matdyipés suitable for sandwich structures.
Thus, the aim of the present paper is to designtestdsandwich structures used for facing
applications, focusing on the quality of adhesietween different types of core with varying
densities and high-pressure laminate (HPL) facitygrs. Moreover, mechanical properties of
the prepared structures are tested according to d@dards. These tests indicate the
suitability of the tested foil adhesives for difat material combinations.



Materials and M ethods

The facings of sandwich structures were createdn fidigh Pressure Laminate (HPL)
produced by Polyrey Company. This material is cosedoof several layers of cardboard
paper, layer of decorative paper and protectiveasarcoating. The thickness of HPL facing
was 1.2 mm and density of this material guarantsethe manufacturer was 1350 kd/ms

the core of sandwich structures served three naddeftirst of them was a honeycomb created
from meta-aramid paper covered by a resin.

The cell size of honeycomb was 3.2 mm. Another useterial was thermoplastic and
fully recyclable polymer foam PET Airex with closgmbres. The last core material was
laminate prepreg Compolet containing short reinfaydibers (100 g/rf).

For connection of the individual materials the daling adhesive layers were chosen:

1) Prepreg PH 840 reinforced with glass fibers (306vp/ impregnated with 42%
phenolic resin,

2) SA 70 adhesive film, toughened epoxy film on gleasier,

3) Letoxit® KFL 130, epoxy film adhesive without fibeginforcement.

Curing procedures for individual adhesives are shiowTable 1.

Table 1. Curing procedures for individual adhesives

Adhesive Curing time Curing temperature
PH 840 90 min. 130 °C
SA 70 150 min. 100 °C

KFL 130 180 min. 80 °C

The advantage of the used foil adhesives is theept®n of problems with insufficient
local adhesions, caused by nonuniformity of adheedigtribution. [5] Detailed properties of
all the above mentioned materials can be tracetienmanufacturer data sheets. Sandwich
structures in the form of plate (500 x 1200 mm) ev@roduced using vacuum bagging
technology, where the adhesive was cured undetammngcuum in a furnace.

Testing samples were cut to specific dimensionsfthe prepared sandwich structures.
The first conducted test was three-point bendingthis test, flat sandwich samples with
dimensions of 150 x 20 mm were subjected to benflirges from a beam which on a certain
arm (100 mm) caused a bending moment. The sammes placed on the supports which
were distant from each other by 114 mm. The cras$kelocity was set on 20 mm/min. The
test was performed and evaluated according to BB 18125 on ZWICK 1456 testing
machine, the values of flexural strength and flakunodulus for eleven samples were
measured and arithmetic means were calculated.stéiistical evaluation was also used for
the remaining tests.

Coherence of individual layers of the structures wested using a peel test. This test was
also performed on ZWICK 1456 and was conducted rdaog to ISO 4578. This standard
was modified to enable testing of sandwich strestuAppropriately modified samples of
dimensions 150x50 mm were pushed by the testingshead and a minimum force at which
the separation of the outer layer from the coreucevas measured. Total of five samples
were tested for each type of adhesive and core.

Results

Data measured for three-point bending test are showFig. 1. As can be seen, flexural
strength ¢O) of structures formed by honeycomb core show ldwest value of this



parameter for SA 70 adhesive. The other cores dlewral strength nearly similar for all
types of adhesives. Thus, it is possible to stadé the type of adhesive has almost no effect
on the flexural strength of the structures madeBT AIREX or Compolet.

Flexural stiffness (E) of all structures connedbgdadhesive SA 70 is almost unchanged
compared to the other types of adhesive; on theroffand, the highest values of this
parameter are achieved for Honeycomb cores andsaghKFL 130. Furthermore, stiffness
by almost 50 % lower can be seen for the structtwegposed of PH 840 and Compolet.
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Fig. 1. Flexural strength and stiffness of indi\atisandwich structures.
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Three-point bending test continued until the breékhe distant facing layer occurred,
which was evaluated by the program as the end eftést. Structures formed from
honeycomb showed a considerable deflection updaiteeding of the load capacity of the
distant facing layer. In all cases, the honeycomite ¢ceturned nearly to its original height
after the test. On the other hand, the creatioth@fcracks and their propagation to facings
was observed at the core from PET AIREX After theppagation to the facings a separation
occurred. Therefore, it can be concluded that¢bie cannot bear a high shear stress during
bending. The last type of core (Compolet) was attarezed by a very quick separation from
the facing closer to the applied bending force #irsubsequent break of the distant facing
layer.
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Fig. 2. Peel strength of individual sandwich staes.

Bars in Fig. 2 show the peel strength (Fpmax) afivildual sandwich structures with
various types of the core bonded to facings witfietint adhesives. As can be seen,
individual adhesives provide different bond stréngetween the core and facing. Bond
strength of prepreg adhesive PH 840 declines fitsnhighest value for combination with
honeycomb core to the lowest with Compolet core.réddwer, the core prepared from
Compolet material shows the lowest values of pehgth for every adhesive, because of a
delamination of this core instead of the breakhefbond between the core and the facing. In
contrast, PET AIREX core bond together with an HRting by epoxy adhesive SA 70



shows the highest value of the peel strength. éntelt of this combination, a fracture of HPL
facing occurred before the break of the bond. Tést besults for KFL 130 adhesive were
measured for the same type of core. In the othees;&FL 130 shows much lower values of
measured peel strength than other types of adlsedivegeneral, with respect to measured
data the most suitable adhesive for every typb@tbre seems to be epoxy adhesive SA 70.

Progress of peel forces during the test is showfign3, where individual decreases in the
graph show the cohesion damage between the facidghe core at the defined time and
place from the beginning of the test.

PHG 840 SA70 i KLF 130
1.l Honeycomb 1. 8 Honeycomb
150 g: ZET Alll?ltEX 2300‘ 2. M PETAIREX
= 5 ompole = 150
% @ p g % 3.HE Compolet
S u 1.8 Honeycomb S
= F ® 2. W PET AIREX 2
° 3.1 Compolet K]
“100 2001 E100 ®
50 @ 100 @ 50
0 0 0
0 2 4 6 8 10 12 0 5 10 15 0 1 2 3 4
Crush [mm] Crush [mm] Crush [mm]

Fig. 3. Progress of a peel force for individual esllies.

Conclusion

In the research, the bonding quality and mechanbmilavior of sandwich structures
connected by different foil adhesives have beerestigated. From the results it can be
concluded that adhesives PH 840 and KFL 130 aremibst suitable for connection with a
honeycomb core according to the data from threatpbending test. The best flexural
strength and flexural modulus have been detectedhdoeycomb structure connected with
KFL 130. The peel test has shown that adhesive @&onnecting the core from the Airex
PET T90 and HPL facings provides the greatest lstrehgth.

This research has provided important informatioouathe individual foil adhesives, their
advantageous combinations with different cores @ad their drawbacks with regard to the
obtained results from performed mechanical testerelver, the results suggest further
possible applications for the prepared sandwialctires.

However, further research has to be conducted tairobmore accurate values and to
eliminate possible measurement errors. Moreovenrder to make final conclusions, it is
necessary to make additional tests of mechanidgdlesmal and sound insulation properties.
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