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FLEXURAL PROPERTIES OF CELLITE COMPOSITE SANDWICH
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Abstract:  Within this paper the flexural properties of a CELLITE composite sandwich have been determined in three-point bend tests using a LR5KPlus Lloyd Instrument materials testing machine and NEXYGEN software. The sandwich consists of a 13.8 mm thick aluminum honeycomb core and two opposite plies of 0.1 mm thick glass fibers-reinforced polymer matrix laminate as skin. Various load-deflection distributions have been carried out until break and five specimens have been subjected to a 50 mm deflection. The most frequent value of deflection at which the sandwich structure exhibits irreversible failure is 10.5 mm. Due to its good flexural and damping properties this kind of structure is suitable for a wide range of applications in which the high ratio between strength and specific weight is an important demand.
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1. INTRODUCTION 

The CELLITE sandwich composite structures are lightweight structures having the core made from aluminum honeycomb and the skins manufactured from thermoset resins reinforced with glass fibers fabrics. These structures are used as constructive elements in various industries such as transport, defense, aerospace, shipbuilding, etc. The bond between skins and core is a particularly resistant one due to the use of a special adhesive. An important feature of fiber-reinforced composite structures is the anisotropy, these structures exhibiting different properties in different directions [1], [2]. These properties depend mainly on the fibers volume fraction, on their orientation in composite as well as the interaction between fibers and matrix [3], [4], [5]. Mechanical properties of some advanced polymer matrix composites are presented in papers [6-12]. New materials have been developed to achieve high strength to weight ratios [13-17]. Extended experiments have been carried out to determine the mechanical properties of various composite materials based on thermosetting resins reinforced with various types of fibers and loaded in different ways [18-23]. Some hybrid composite materials have been subjected to different ranges of irradiation to see the radiations influence on the mechanical properties of these kind of composite structures [24-27]. Finally, new experimental techniques using the Video Image Correlation (VIC) method have been carried out to determine bio-mechanical properties of various composite structures [28-29].
2. THE SANDWICH STRUCTURE
The CELLITE sandwich structure presents following disposals of plies:
· One layer of composite laminate based on glass fibers fabric reinforced polymer matrix with 0.1 mm thickness, as skin;

· One aluminum honeycomb core with 13.8 mm thickness;

· One layer of composite laminate based on glass fibers fabric reinforced polymer matrix with 0.1 mm thickness, as skin.

Usually, the CELLITE sandwich structure can be delivered as plates with initial dimensions 2500x1250x14 mm. To perform experimental tests, from a plate with dimensions 1250x380x14 mm specimens have been cut and subjected to three-point-bend tests until break and until a specific deflection. 
3. RESULTS OF THREE-POINT BEND TESTS
From the sandwich plate with size 1250x380x14 mm, ten specimens have been cut with following dimensions:
· Specimens’ length: 280 mm;
· Specimens’ width: 30 mm;

· Specimens’ thickness: 14 mm.

The specimens have been subjected to three-point bend tests on an LR5KPlus materials testing machine produced by Lloyd’s Instruments, UK. The three-point bend test features are:
· Test direction: compression;
· Test speed: 10 mm/min;

· Test method: three-point bend;

· Span between supports: 240 mm.

Five of the specimens taken from the sandwich plate and numbered 1 to 5 have been tested until break. Using the Nexygen Plus software, following distributions have been determined: load-deflection, Young’s modulus of bending-stiffness, Young’s modulus of bending-work to maximum deflection, work to maximum load-work to maximum deflection. These distributions are presented in Figs. 1-4. Five of the specimens taken from the sandwich plate and numbered 6 to 10 have been tested to a 50 mm maximum deflection. Using the Nexygen Plus software, following distributions have been determined: load-deflection, Young’s modulus of bending-stiffness, Young’s modulus of bending-work to maximum deflection, work to maximum load-work to maximum deflection. These distributions are presented in Figs. 5-8.
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Figure 1:  Load-deflection distribution of five Cellite composite sandwich specimens
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Figure 2:  Young’s modulus of bending-stiffness distribution of five Cellite composite sandwich specimens
[image: image3.png]y =0,0504x+1785.4
R2=0,7342 .

1900

0 1000 2000 3000 4000 5000 6000 7000 3000
‘Work to maximum deflection (Nmm)




Figure 3:  Young’s modulus of bending-work to maximum deflection distribution of five Cellite composite sandwich specimens
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Figure 4:  Work to maximum load-work to maximum deflection distribution of five Cellite composite sandwich specimens
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Figure 5:  Load-deflection distributions of five Cellite specimens subjected until 50 mm deflection
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Figure 6:  Young’s modulus of bending-stiffness distribution of five specimens subjected until 50 mm deflection
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Figure 7:  Young’s modulus of bending-work to maximum 50 mm deflection distribution of five specimens
[image: image8.png]12000

10000

load (Nmm)

8000 ¥y = 1.3246x- 8699,7

6000

4000

‘Work to maximu

2000

0 2000 4000 6000 3000 10000 12000 14000 16000
‘Work to maximum deflection (Nmm)




Figure 8:  Work to maximum load-work to maximum 50 mm deflection distribution of five Cellite composite sandwich specimens
3. CONCLUSION
It can be seen that the load, until which permanent damage will occur in the sandwich composite structure has been ranged from 500 - 1000 N. Also, the deflection in which irreversible damage to the material structure of sandwich type Cellite occurred, varied from 10.5 to 22 mm. Frequent deformation value at which irreversible damage has occurred was 10.5 mm.
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