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Abstract. When selecting the materials used in transport, in addition to the set of strength 
properties, which form the basis of the structural calculations, the possibility of weight 
reduction and the limitation of fire risks and maintenance activities should also be taken into 
account. The article provides a short description of both metal and metal-ceramic foams, as 
well as studies on multilayer sandwich composite materials. They consist of polyester-glass 
laminates and composite-ceramic foams. These materials were subjected to a technological 
three-point bending test. Such materials can replace the polyester-glass laminates that are 
commonly used in maritime transport and other industries.  

1. Introduction
Composite materials constitute the most promising and quickly developing group of modern 
construction materials [1-5], which, due to desirable usability properties, are very popular among 
representatives in the fields of science, technology, industry and business. The guiding principle that 
has lead to the construction of composites is the desire to obtain a material with specific, expected 
properties, which largely depend on the technology used. In order to obtain the desired result, two or 
more materials with different properties are usually combined. The bi-component or multi-component 
nature of the composite, allows the beneficial characteristics of the components to be used, while 
reducing the adverse ones. Composite polymeric materials are widely utilized, due to their low density 
and high mechanical strength, as well as their high resistance to many acids and bases. The use of 
composites of various materials, participation and type of consolidation phase is significantly reducing 
the mass of all types of structures and at the same time is reinforcing them [5-6]. A popular way of 
strengthening materials is to reinforce them with the use of sandwich materials in the form of mats 
and fabrics. Materials that have this type of reinforcement are called layered composites, laminates or 
sandwiches (in the latter, they combine ceramics, polymers and metals). Foams are another group of 
materials. The forecasts developed in the early 1990s, regarding the predictions of technologies and 
applications of new materials, indicated that more and more often in mechanical engineering, 
especially in equipment and transport systems, cellular materials produced from metals [7-8] will be 
used, which are commonly known as: "porous metals" "metal foams" or "metal sponges". The 
dynamics of the trends related to the anticipated introduction of these materials for machine 
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construction have been shown in Figure 1. These forecasts proved to be accurate and at the beginning 
of the second decade of the 21st century the wider use of these materials is being observed, especially 
those made of light metals. Unlike monolithic materials, foams are characterized by the occurrence of 
designed discontinuities in the material that have a repetitive or varied shape, whose size and 
arrangement in the entire volume of the product is in an orderly or disordered manner, which results in 
significant differences in properties, changing the reactions of this material to external factors, e.g. 
temperature or load. 
 

 
Figure 1. Forecast for the use of metal cellular materials in machine construction [1] 

Metal foams (Fig. 2) can practically be made from all kinds of metals (except mercury). The most 
common foams are made of pure aluminium, as well as: magnesium, titanium, zinc, nickel, copper 
and iron or their alloys [6]. 

 
Figure 2. Metal foam (aluminium)  

Metal foams have many unique properties that make them widely used in machine construction. 
Their low density means that they are an ideal filling material for layered structures that need high 
stiffness. Their low thermal conductivity makes it possible for them to be used as an insulating 
material, and the ability to damp vibrations suggests their use as damping liners. On the other hand, 
their tendency to deform considerably under the influence of loads can be used in systems that absorb 
impact energy or limit the effects of an explosion, as well as in the production of packaging. Cellular 
materials may exhibit both isotropy and anisotropy in their properties. According to the definition 
given in the literature [1, 3, 6], metal foams are:  

-porous materials, the construction of which can be described as a geometrically disordered 
arrangement of pores in a metal matrix, 

-a metal material containing a considerable number of gas-filled pores in its volume. 
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Metal foams with open pores (Fig. 3a) are used in heat exchangers, energy absorbing elements, as 
filters in the chemical industry, and catalyst components for internal combustion engines. They also 
have biological applications as silencers in flow installations, flame arresters, carriers of elements and 
as chemical compounds acting as catalysts for chemical processes, coming into contact with gaseous 
or liquid media, which are often chemically aggressive, and also have high temperatures. They are 
made of materials such as copper, nickel, iron, titanium, tantalum and their alloys [7-8]. 
 

a) 

 

b) 

 
Figure 3. Example of foam structure: a) open pores [1], b) closed pores 

Metal foams with closed pores (Fig. 3b) are used in mass-produced land transport, mainly in 
passenger cars, (in the body parts absorbing impact energy) increasing their stiffness as well as 
improving comfort of use by reducing vibrations and noise. This type of foam is also used in aircraft 
construction, general construction and elements of road infrastructure. Foams with closed pores are 
most often made of light metals, e.g. from pure aluminium, often with the addition of calcium. 
The production of metal foams by the appropriate processing of pure metals or their alloys gives a 
certain, rather limited, area of change in the parameters which characterize these foams. The 
expansion of the functional range of the foams, as well as the possibilities of controlling them, can be 
provided by multiphase materials, these include composite materials. Metal-ceramic composites, with 
a wide range of composition, can be the starting material for the production of foams with special 
features specific to the shipbuilding area. Composite metal-ceramic foams, developed in accordance 
with the principles of material engineering, expand the possibilities of design. This paper has 
described multi-layer sandwich composite materials, in which the material of the spacer was 
composite metal-ceramic foam placed between polyester-glass composites in the form of a laminate. 
Plates made of this material were subjected to a three-point bending technological test. 

2. Research material 
The introduction of a spacer with special properties, between the two layers of the polymer-glass 

composite, is justified due to the way the material will work – under compressive stress as a result of 

local pressure and also resulting from the bending state, which may take place in the operating 

conditions of the vessel and in possible collisions. An innovative material that can be used in this case 

is aluminium foam with a specific gravity of 0.3-0.5 g/cm
3
, which is made of aluminium foamed with 

a foam concentrate [8-9]. The foam can also be produced from an aluminium-ceramic composite by 

blowing gas into the liquid metal, and its internal structure can be controlled to some extent [9]. Such 

composite foams (AlSi11 matrix, SiC reinforcement, argon foaming gas) are manufactured at the 

Maritime University of Szczecin. Such foams have a specific resistance to compression, as shown in 

Figure 4. 
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Figure 4. Aluminium-ceramic foam as a material for the spacer and its strength characteristics 

 

Figure 5. The proposed three-layer material for preliminary testing: A – polyester-glass composite, B – 
aluminium foam, C – polyester-glass composite 

The preliminary assessment of the suitability of the proposed material (Fig. 5) was based on a 

technological three-point bending test [9-12]. For research purposes related to the technological three-

point bending test, test panels with dimensions of 430 × 200 mm were made as shown in Figure 6. 

Polymer-glass composite laminates were made using Estromal 17 LM01 polyester resin together with 

METOX 50 hardener (in proportions of 1.5 percent by weight of hardener per unit volume) and 

twelve infiltrated layers of glass fiber fabric with a weight of 350 g/m
2
. Multilayer composites were 

made using AlSi11/SiC foam layers 25 mm thick, laid and glued between two layers of polymer 

laminate. After 48 hours, 320 × 60 mm samples were cut from the sample boards.  

 

  
Figure 6. Test plates with dimensions of 430 × 200 mm 

3. Aims and test conditions 
The purpose of the preliminary tests was to determine the possible suitability of the multi-layer 

material presented above, as a replacement for the widely used polymer-glass composite. The 

satisfactory results of the technological three-point bending test, based on standard normalized 

bending tests of metals, polymers, plywood, etc., which determine sample dimensions and the 

geometry of the support system and load element, have been accepted as the basic criterion. To 

determine the behavior of the laminar material under load, resulting in deformation and its destruction, 

the load diagram shown in Figure 7 was adopted and carried out with the use of a testing machine 

using the tool from its equipment. 
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Figure 7. Scheme of the station for the adopted technological three-point bending test 

A technological three-point bending test was carried out with the use of a testing machine and the 

appropriate instrumentation, examining the samples cut from test panels made of laminate-composite 

glass fiber – polyester resin as a reference level to the classical material, and new multilayer materials 

using fibreglass composite – polyester resin and aluminium-ceramic foams. The results of the 

technological test, carried out for samples with dimensions of 200 × 60 mm, which were laid on the 

support rollers which were at distance of 150 mm apart (for all samples), are shown in Figure 8.  

Figure 9 shows the appearance of the samples after the bending test. It was possible to observe the 

various mechanisms of destruction of the multilayer materials, such as loosening of the outer layer, 

cracking in the axis of symmetry, as well as the foam spacer having been crushed in the area where 

the action of the deforming force had been applied. 

 

 
Figure 8. The combination of three-point bending curves of samples cut from different sample boards. 

 
Figure 9. View of the destroyed samples 

4. Examples of the use of multilayer composites 

The properties of foamed metals, and especially the properties of the proposed multi-layer sandwich 

composite materials, make them a potential construction material for the transport industry, machine 
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tool construction, the electrotechnical industry (applications in the construction of batteries, fuel cells 

and supercapacitors) as well as in the manufacture of chemical apparatus. Examples of the use of 

composite metal foams - metal in machine construction are shown in Figures 10-11. 

 
Figure 10. Acoustic cover of a large machine tool (milling machine) [13] 

  
Figure 11. The use of aluminum foam in a car body structure [1] 

5. Conclusion 
Replacing widely used multi-layer composites with metal composites and polyester-glass composite 

will contribute to reducing the mass of the finished product. Adding a metal-ceramic foam spacer will 

increase the bending strength and thus also significantly increase their safety, e.g. in the case of ship 

collisions, due to its energy absorbing properties. This means that the materials in question can be 

widely used in the automotive and aerospace industries [14-15]. 
The mechanical, acoustic, chemical, fire resistant, thermal and electrical properties of composite 

metal foams and polyester-glass composites, as well as their considerable resistance to environmental 

conditions and the ever reducing costs of their production, make them competitive in some areas 

compared to the traditional materials used in various fields of mechanical engineering. They enable 

the use of complex construction solutions while reducing energy and fuel consumption, favourably 

affecting environmental protection, as well as improving the safety and comfort of the use of technical 

devices. 
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