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Resumo 
 

 

Galleys são componentes internos dos aviões, usadas para armazenamento de bens, preparação de 

refeições a bordo e que por isso desempenham um papel importante no decorrer das missões de voo. 

Apesar disso, a sua forma e estrutura manteve-se inalterado nos últimos 50 anos. Recentemente alguns 

projetos estão a tentar mudar este paradigma, alterando o design, funcionalidade e materiais deste 

componente. É neste contexto que se insere esta tese, que apresenta um novo conceito para um 

contentor de uma galley usando compósitos tipo sanduiche de aglomerado de cortiça como principal 

material, em vez da liga de alumínio. Para garantir que o novo conceito obedece aos principais 

requisitos internacionais, um estudo deste sector de mercado foi realizado e as suas principais 

conclusões apresentadas. Este estudo culminou num modelo 3D do contentor usando o padrão Atlas, 

que posteriormente foi submetido a um conjunto de simulações numéricas com o intuito de testar o seu 

comportamento estrutural. Adicionalmente e para garantir que a modulação do compósito é adequada, 

um conjunto de provetes foram produzidos e submetidos a um ensaio experimental de flexão. Os 

resultados foram comparados com o mesmo ensaio realizado numericamente provando-se assim, que 

a metodologia implementada é válida. Com este trabalho é possível concluir que o novo contentor é 

mais leve e é estruturalmente capaz de satisfazer os requisitos internacionais. 

 

 

 

 

Palavras-chave: Container de Galley de avião, desenvolvimento de produto, aglomerados de cortiça, 

compósitos sanduiche, analise de elementos finitos. 
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Abstract 
 

 

Galleys are internal components of airplanes used to store goods prepare on board meals and therefore 

play an important role during flight missions. Despite this, its shape and structure has remained 

unchanged for the last 50 years. Recently some projects are trying to modify this paradigm by changing 

the design, functionality and materials of this component. It is within this context that this thesis is 

inserted, which presents a new concept for a galley container using sandwich composites with 

agglomerated cork as the main material, rather than the aluminum alloy. To ensure that the new concept 

complies with the main international requirements, a study of this market sector was carried out and its 

main conclusions presented. This study culminated in a 3D model of the container using the Atlas 

standard, which was later submitted to a set of numerical simulations in order to test its structural 

behavior. Additionally, and to ensure that the composite modulation is adequate, a set of test specimens 

were produced and subjected to an experimental bending test. The results were compared with the 

same assay performed numerically, thus proving that the methodology implemented is valid. With this 

work, it is possible to conclude that the new container is lighter and is structurally able to meet 

international requirements. 

 

 

 

 

Keywords: Airplane galley container, product development, cork agglomerates, sandwich composites, 

finite elements analysis. 
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1-Introduction 
 

1.1-Background 

 

Mankind and materials share a strong link since the beginning of civilization. This bond is so strong, that 

some archeology periods are named after them. From the stone age, followed by the bronze and iron 

age, progress was made thanks to these materials. Nowadays, it is still possible to see technologic 

improvements and discovers in this field of science mainly due to composite materials. The first known 

use of this kind of materials is credited to the Mesopotamians. These ancient people glued wood strips 

at different angles to create plywood in 3400 B.C [1]. Since then, remarkable achievements were made 

in this area and it is now possible to manufacture materials with high mechanical performance 

decreasing the overall weight. This helped several industrial sectors including the aeronautical one, 

where some structural components are constructed just with composites. Boeing's 787 Dreamliner was 

the first commercial aircraft in which major structural elements are made of composite materials rather 

than aluminum alloy decreasing the final weight which might aid with reducing fuel consumption [2]. In 

this century, a new major concern appeared in society. With the increasing environmental crisis, and 

with global warming threatening to become a serious problem, the implementation of “green” products 

assumed an increased importance. Reusable and recyclable materials are becoming a priority for 

companies all over the world. And this is where Cork might have a decisive contribute. As a natural 

material, cork is recyclable and because of its cellular structure it possesses key properties that can 

help industry achieve some crucial objectives with this new green approach. Obviously, the mechanical 

performance of cork alone might not be sufficient but combining this material with glass or carbon fibers 

to produce a sandwich composite, leads to an increase in structural strength maintaining the vibrational 

isolation, energy absorption and low weight typical of Cork. Portugal being the world leader in terms of 

cork production, has many companies that are trying to introduce this solution in the aeronautical sector. 

The general idea for this master thesis came from the Desair project, where a mock-up of an airplane 

galley using cork composites was constructed as the end product of the plan. So, the main motivation 

for this work is this innovative approach to airplane interiors and the combination of two keys factors that 

might increase the importance of Portugal in this sector. The first one is the structural and material study 

that will be necessary to characterize and implement the composite and the second one is the possibility 

to replace the traditional aluminum for a material where Portugal is the lead producer and if successfully 

implemented could increase the exportation revenues of national companies. 
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1.2-Objectives 

 

The aim of this dissertation is to design and study a typical galley container made of cork-based 

composites, instead of the typical aluminum. Since the aeronautical industry is highly regulated, the first 

objective of this thesis was to study this market sector in order to establish the requirements that must 

be followed.  

The second objective was to develop a 3D model of the new container based in one of the many 

international standards available.  

The third objective was to test if the numerical methodology applied to simulate the composite 

(agglomerated cork as a core combined with fiberglass and epoxy resin as skin) was accurate.  

The final objective was to perform a structure analysis to the galley container itself using Abaqus and to 

see if the product was able to fulfil the requirements. The container was divided in smaller subsystem 

to decrease the complexity and computational time of the analysis. Additionally, the same subsystems 

were tested with an aluminum galley container to work as a benchmark for the new concept container.    

 

1.3-Organization 

 

This master thesis is divided in six chapters and a brief explanation of each will be made in this section: 

The first chapter presents the introduction of this work, the main objectives and the present organization 

section.  

The second chapter provides the literary review that serves as the background for all the work performed 

on later chapters. In the beginning, it is explained what a galley is, the different requirements and 

standards that rule this market sector and it is also presented new projects that are trying to innovate 

this component. After, it is described the concept of sandwich composites and the innumerous failure 

modes, that usually occur, when this kind of composites are subjected to different forces. It is also 

described the general characteristics of cork, agglomerated cork and adhesive materials.  

The third chapter talks about the concept development for the new container. It is explained all the 

different decisions made in order to construct the final concept and it is also presented the multiple 

iterations conceived before the final model and the reasons on why they failed. At the end, a brief 

description of all the materials used in this concept is made and the numerical values of the properties 

shown.  

The forth chapter talks about the experimental procedure. The first point described in this chapter is the 

materials used and the manufacture process used to produce the sandwich composite. The second 

point concerns the machines and the bending test itself. At the end of the chapter, the results of the 

tests are displayed.  

The fifth chapter concerns the numerical simulations. In the beginning, a brief description of the overall 

implemented methodology is thoroughly described. After that, a bending test similar to the one made on 
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section four is performed and the results compared with the experimental ones. Following this, a tensile 

test and a large-scale bending test, based on the Joint aviation regulation 25(Jar) are performed. To 

finalize this chapter, multiple subsystems of the galley container are simulated with a finite elements 

software and the results presented.  

The sixth and last chapter presents the main conclusions of this work and future recommendations 

regarding upcoming works.  

The bibliographic references and annexes are displayed afterwards.  
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2-Literature review 
 

2.1-Airplane Galleys 

 

Galleys are multifunction compartments of an airplane used to store food, safety and crew personal 

equipment and it is also used to prepare inflight meals. It can be compared to a big kitchen cabinet 

where different components like trolleys, small containers, ovens and microwaves fit. This kind of 

structures are made with Aluminum Honeycomb which provides excellent strength and corrosion 

resistance to the structure at a low weight, which is a decisive factor in the aerospace sector. Figure 1 

illustrates a typical airplane galley, where it is possible to see the main cabinet and some typical inserts 

like trolleys (the three items on the bottom), a galley container (on the top), an oven (on the middle) and 

coffee makers (on the left). The main companies that produce and assemble this kind of components 

are Zodiac aerospace, B/E aerospace, Jamco and Diehl. 

´ 

 

 

Figure 1- Typical airplane galley [3]. 
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2.1.2-Different airplane classes impact on galleys 
 

Aviation can be divided in two different classes, which are commercial and executive. These two 

categories will have a deep impact on the aesthetics, complexity and specially the price of the galley. In 

commercial flights, the main goal is to serve as many people as possibly at lower cost and with high 

sense of practicality. These aspects will ultimately determine the final configuration, which nowadays is 

standardized. Typically, a galley from a Boeing airplane is very similar to an Airbus plane being the 

number and type of components the main difference. This is the representation of the modular approach 

in traditional galleys, where it is possible to configure the main cabinet with different components 

according to the necessities.  Figure 1 is a good example of this kind.  

In executive aviation the requirements of the client are the keys factors to design the galley. It is normal 

to see luxurious interiors in private flights where the materials can be so divergent, going from aluminum 

to gold, being the costumer or the airplane designer the one responsible for all the choices. Figure 2 

helps to illustrate these differences.  

 

                    

Figure 2-examples of executive galleys [4]. 

 

Obviously, the final price of the galley will be much higher than the traditional one, not only because the 

materials used are more expensive, but because all new designs must be certified by competent 

authorities. 
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2.1.3-Value chain of a Galley 
 

To understand all the stages that an airplane galley will go through, since the construction phase until 

the inflight operation, it is necessary to describe the value chain associated with this product. 

It all starts with the supplier of the raw materials or components. Since the main objective of this thesis 

is to incorporate cork into galleys components, Amorim Cork Corporation will be the main example to 

this stage. After that, a company will assemble all the components and build the complete galley. Zodiac 

and BE are some of the companies operating in this sector. Now, that the galley is constructed it is 

necessary to insert it inside an Airbus or Boeing (Integrators) airplane. Later the airplane will be sold to 

an Operator, which is an aircraft company like TAP or PGA. Inside the airplane during the flight 

operation, it is necessary to have a crew of attendants that will use the galley to provide a service to the 

final beneficiaries the passengers. 

 

Figure 3- Chain value of galleys. 

 

 

2.1.4-Galleys international requirements. 

 

The aeronautical sector is one of the most regulated in the world. So, galleys will be constructed under 

specific rules and have to be certified, in order to be successfully implemented inside an airplane. The 

Specific Technical Requirements (STR) 19 prescribes the minimum design and qualification 

requirements for airplane galley systems [5]. This document was written under the specifications of the 

Joint Aviation Regulations (Jar) 21 and Jar 25 made by the Joint aviation authority. Figure 4 illustrates 

some of the aspects that are covered by these regulations. 
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Figure 4- STR 19 prescribes the qualification requirements for airplane galley systems [5]. 

 

As an example, the strength and deformation paragraph states that every panel must withstand a total 

force of 136Kg in every direction, applied by any mechanism with the dimensions of 101x101 mm and 

any deformation is allowed unless it compromises the integrity of the structure. The safety module 

dictates that every component must have a locking device, whenever necessary and the materials must 

be nontoxic. These are just a few norms that can be found in these requirements. 

 

2.1.5-Galleys international standards 

 

Currently in this market sector exist different standards that are used to construct galleys. These 

standards were created to comply with the international requirements and they establish the size, 

materials and specifications of a galley. This made easier to replace or fix different components, since 

they share the same dimensions and structure. Table 1 presents the main standards, which airplanes 

companies use each standard and the current status around the world. 

 

Table 1- Current standards operating on the galley sector [6]. 

Standard Users Today status 

Atlas Air France, Iberia, Lufthansa, 

Alitalia, Sabena 
80% of the World Market 

KSSU KLM, SAS, SWISSAIR, UTA Decreasing (move to ATLAS) 

Unique UAE, QFA Stable, still alive 

ARINC ARINC members 
Standard used on the B787 & 

A350 

SPICE AIRBUS New Standard 
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2.1.6-Different approaches on the Galley sector  

 

In the current market and despite all the regulation and standards, it is possible to find different 

approaches and new concepts regarding the implementation of galleys inside airplanes. As a first 

glance, it was already established the main difference between these components in commercial and 

executive airplanes, but no real innovation appeared in this sector for the last 50 years. A commercial 

galley of an older airplane is very similar to one present inside the new Airbus, Boeing or Embraer 

aircrafts. So, a few projects are being developed by important companies of this sector that might 

revolutionize the way users interact with galleys. 

• Project spice (SPace Innovative Catering Equipment)- is a new galley concept developed by 

Airbus that has the potential to become the first new industry-wide standard for galleys in over 

fifty years. SPICE replaces traditional catering trolleys with light-weight low-cost boxes, and 

foldable carts for service. A transfer table has been developed also which enables better use of 

storage space at above the work surface and enhances galley ergonomics (figure 5) [7]. 

 

 

 

Figure 5- Spice project galley [8]. 

 

Another key benefit of the SPICE design is the addition of fully closed storage compartments. 

The doors of these compartments significantly improve the aesthetics of the galley in order to 

bring the level of design up to the same standard as other areas in the cabin. Additionally, the 

closed compartments are fully refrigerated, which means that food can be kept fresher. 
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These innovations combine together to improve aircraft efficiency by saving considerable weight 

and space in the aircraft cabin that could enable an airline to add from 2 to 11 seats in the cabin 

of a typical widebody aircraft.  

 

• Project ASL (Aircraft Service Logistics)- In this project service products are placed on the lower 

deck area, generally known as cargo compartment. Storage will be made in a removable 

container, which from the outer dimensions is identical to existing aircraft containers. This allows 

a pre-loading of the service products and a fast loading along with the baggage. Retrieval of 

products out of the container to the passenger deck will be performed by means of a vertical 

conveyor system [6]. Figure 6 presents a schematic of this project. 

 

Figure 6-ASL galley schematic [6]. 

 

As a consequence, a decrease in the turn-around time of the aircraft on ground can be reached 

and the reduction of storage space on the passenger deck allows an increase of the passenger 

capacity (internal stretch). However, this approach also has its disadvantages. It will reduce the 

space available in the cargo area, it will remove the workspace area necessary to prepare food 

and in the event of a system failure the inflight operation will become inefficient.  

 

• Desair project- the main goal of this project was to explore and apply natural, recyclable and 

renewable materials like cork in components for commercial and private airplanes. So, this 

proposal developed an innovative approach to design a galley using high performance 

sandwich composites. This project was conducted by Amorim, Alma design and several other 

companies that resulted on the final Mock up presented on figure 7, that received the Green 

Good Design award [9].  
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Figure 7- Mock up galley constructed on Desair project [9]. 

 

2.1.7-Galley container 
 

 

To finalize this section of the literary review about galleys, it is important to describe what a galley 

container is, what is his purpose and to describe some technical details regarding this component that 

might be important, in later chapters of this dissertation. These components work as storage facilities 

and can be used to carry goods around the airplane. To accommodate these supplies, in the interior of 

the container, it is commonly placed inside an aluminum or plastic tray with standardized dimensions 

capable of carrying 25Kg of weight. Typically, the main material used to construct this container is the 

aluminum alloy 6061 T6 high strength [10] and his price goes from 50€ to 70€ depending on the size 

order of the operator. Figure 8 shows a typical galley container.  

 

Figure 8- Commercial airplane galley container [11]. 
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As the main cabinet structure, this component must obey to the international regulation and standards 

previously mention. So, it is possible to find multiple containers with different dimensions, depending on 

the standard used to construct it. Figure 9 retrieved from a manufacturer technical brochure 

demonstrates these dimensions differences and show the empty weight of the container in Kg [12]. It is 

also possible to see that, even under the same standard, slight dimension differences occur. This fact 

is due to the different locking mechanism available, that can be chosen by the operator. 

 

 

Figure 9- Manufacture brochure [12]. 

 

2.2-Sandwich composites 

 

As mention before, the Desair project was one of the main motivations to this dissertation, so it is 

important to describe briefly the concept of sandwich composite since this was the chosen configuration 

to apply into the new galley concept. Sandwich panels are composites materials, typically made up by 

two thin outer skins separated by a thick layer of a different material that is called the core. The bond 

between the core and the skins is done by adhesives/resins. This process leads to a final composite 

with lower weight and higher mechanical performance than the original materials isolated. The core 

material provides a continuous support to the skins and keeps the entire composite together. Usually, it 

has a low density, high resistance to perpendicular stresses, high stiffness and it also possesses high 

characteristics of thermal and acoustic isolation [13]. The skins usually have a higher Young modulus 

and density when compared to the core, because they are responsible to withstand tension, 

compression and shear stresses. Since this is the component on the outer part of the composite, 

sometimes it is necessary to apply surface treatment to the material, in order to increase his resistance 

to external elements. When the composite is subjected to bending forces, one of the skins will bear 

tensile stresses and the other compression stresses. The main purpose of the adhesive is to maintain 

all the different layers together and to ensure that all the stresses are equally distributed on all 

composite. Figure 10 shows the different layers that make up a sandwich composite. 
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Figure 10- Structure of a sandwich composite[14]. 

 

2.2.1- Failure modes of sandwich composites 

 

Sandwich composites can be subjected to different forces, which can lead to diverse types of failures. 

The beginning and propagation of the damage will depend on the materials used, manufacture process 

and even on the geometry of the component [15]. In this section, it will be briefly described the most 

common failures that exist in this type of composites. 

Face failure (Figure 11.A) - when subjected to tensile and compressive forces, the faces might fail by 

the uniaxial force applied. This failure might occur due to insufficient thickness or insufficient resistance 

of the skins. 

Core transverse shear failure (Figure 11.B) - is a failure that might occur, when the shear resistance 

of the core is not high enough to handle the applied stresses. This might also occur due to insufficient 

core thickness. 

Core crushing or local indentation (Figure 11.C) - occurs when the compressive strength of the core 

is insufficient to handle the compressive force. 

Panel or global buckling (Figure 11.D) - occurs when the core shear stiffness is too low. 

Shear crimping (Figure 11.E) - occurs when the shear modulus of the core material or the shear 

strength of the adhesive is too low. 

Intracell wrinkling (Figure 11.F) - happens when the skins thickness is too small when compared to 

the cell size. This effect happens if the failure starts to propagate to adjacent cells. 

Face wrinkling (Figure 11.G) - type of failure that can occur when the composite is subjected to a 

compressive force. The wrinkling can happen to the interior when the failure is in the core material or to 

the outside when the failure appears on the adhesive.  
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A. 

 

B. 

 

C. 

 

D. 

 

E. 

 

F. 

 

G. 

 

Figure 11- Classic failure modes of sandwich composite structures [16]. 

 

 

2.2.2-Cork 

 

Cork being a natural and recyclable material will be the key component of the new galley container 

concept, therefore a general description of this material is made in this section. Cork is a raw material 

unique in nature that is extracted from Quercus suber L. oak tree every 9-12 years depending on the 

region [18]. It is made by approximately 42 million cells by cubic centimeter disposed perpendicular to 

the cork trunk. These cells have pentagonal or hexagonal prismatic shape, grouped in an alveolar 

structure similar to Honeycomb as it is illustrated on the figure 12.  
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Figure 12- Cork cells along the three main directions [18]. 

 

Despite the fact, that cork cellular structure presents an anisotropic behavior, Silva et all [18] said that 

because “the lateral cell walls (parallel to the radial direction) are randomly oriented, cork can be 

considered, in a first approximation, as a transversally isotropic material, implying that all directions 

perpendicular to the radial direction (i.e. the axial and tangential directions) are nearly equivalent”. 

Concerning the chemical constitution various studies state that cell membranes are made by suberin 

(40%), lenin (22%), polysaccharides (18%) and others extractive products (15%) [18], [19]. His interior 

is in its majority constituted by air, which is the characteristic that confers cork is lightweight property. 

Regarding his mechanical properties; cork displays a different behavior when subjected to compressive 

or tensile forces. The Young modulus of compression is lower when compared to the tensile one [20]. 

In terms of compression, cork has an elastic behavior until 7% of nominal strain where the hexagonal 

shape of the cells starts to collapse which is called compaction phase that last to 70% of the nominal 

strain. The final stage represents the total collapse of the cells and is represented by a step rise on the 

stress strain curve. It can be found a slightly difference in terms of values achieved depending of the 

direction, that it is being analyzed, but the overall behavior is the same [19]. These differences and 

various compressive stages are represented on figure 13. 

 

 

Figure 13- Stress-strain curve of cork under compressive force along the Axial, Radial and Tangential directions 
[21]. 
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When subjected to a tensile force cork presents a similar behavior in the three directions however, it 

achieves a higher stress and strain on the radial direction (figure 14). 

 

 

Figure 14 - Stress-strain curves of cork under tensile force along the three directions [21]. 

 

2.2.3-Production of agglomerates 

 

Cork agglomerates are produced from wasted materials coming from the wine bottle stoppers industry, 

or alternatively from virgin cork. These materials are introduced inside a grinding machine, to decrease 

the size of the cork particles and after they are washed and dried. This process can be used multiple 

times until achieving the optimal granules sizes. To ensure that the particles size is homogenous an 

industrial sieve is used. It is possible now, to mixture these granules with an adhesive agent, usually 

urethane resin that binds all the components. This mixture is later placed inside a mold and subjected 

to pressure and temperature higher than 120ºC to achieve the final product. Changing the particle size, 

temperature and pressure it is possible to reach agglomerate with different properties. This is useful, 

because various applications require different assets. As an example, wall coating has a density of 200-

300 kg/𝑚3 and floor coating a density of 400-500 kg/𝑚3. Temperature also plays an important role in 

this process. According to [18] temperatures between 100-300ºC decrease the resistance of the 

agglomerate, however if subjected to a temperature between 100-150ºC for one day the compressive 

resistance increases, because it stimulates the loss of water that was previously absorbed by cork cells 

[22].  
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2.2.4- Overview on adhesive bonding of different components  

 

Galley containers are products made of multiple components that have to be assemble together. The 

most traditional approach to this thematic is using mechanical connections like screws, rivets or spot 

welds. Nevertheless, adhesive bounding is being more and more used in the industry and they present 

innumerous advantages. The connection is continuous, which avoid concentrated stresses common on 

mechanical connectors, it contributes to vibration damping, it can join different materials together and 

contributes to the global aesthetic of the final product. However, it also has some disadvantages when 

compared to traditional mechanical connectors that needs to be considered. The main one is the lack 

of temperature resistance, with increasing temperature the bond strength decreases. It also requires a 

curing time since the maximum bond strength is not achieved instantaneously, which increases the 

overall time of manufacturing, and the control process is more difficult to monitor. To accommodate the 

different industry demands, various types of adhesives can be found like epoxies, polyurethanes, 

anaerobics, cyanoacrylate just to name a few. Another important aspect to consider is the type of 

connection between the different components since the use of the right bounding technique can be the 

difference between failure and success [23]. Figure 15 illustrate the main types of bounding available:  

 

Simple lap joint  

 

 

Stepped lap joint  

 

 

Double strap joint/double lap joint 

 

 

Tapered double strap joint 

 

 

 

Figure 15- Common adhesive types techniques [23]. 
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Additionally, it is necessary to introduce the concept of Cohesive Zone Model since this will be later 

necessary to simulate the adhesive material in the numerical simulation. Consulting Abaqus manual it 

is possible to see that this kind of material follow a typical stress-separation response, where the initial 

response is assumed to be linear until the maximum stress is reached and then a damage evolution 

stage begins. Figure 16 retrieved from the Abaqus User guide illustrates this concept [24]. 

 

Figure 16- Cohesive zone model [24] 
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3-Galley container concept development 
 

 

3.1-Concept Galley components  
 

Based on the information about galleys presented on the literary review, a new galley container concept 

was developed using agglomerated cork composites. It is important to mention that this concept was an 

iterative process, since the numerical and experimental analysis performed after each iteration 

contributed to the improvement of the original model. The first step to achieve this goal was to decide 

what was the main standard followed by the new container. Atlas was the selected, since it has a “market 

share” around 80% (table 1). To ensure that the container has the correct dimensions a technical 

drawing designed by one of the main manufactures was selected. Figure 17 shows the selected draw 

used as base to develop a 3D model of the new container. It comprehends all the required dimensions, 

as well as the placement of the tray supports. An interesting aspect that it is possible to see on the 

technical drawing is the fact that, it is necessary to have a lower zone in the top plate in order to 

accommodate the handle. 

 

 

Figure 17- Technical drawing with Atlas standard. 
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The software solid works was selected to design the 3D model concept. The first iteration model was a 

replica of the traditional technical drawing presented. It had the same dimensions and parts as the 

original one including the 8 tray supports (figure 18) present on the side wall. 

 

 

Figure 18- 3D model tray support 

 

But since, this galley was designed to be constructed with sandwich composite instead of the common 

aluminum alloy, changes had to be made in terms of sizing. This is due, to the difference in thickness 

between both materials, so all the dimensions of the container were redesigned to accommodate this 

fact. Therefore, the second model had the final dimensions, the correct number of composite panels 

and it was the first model used as a template to Abaqus analysis. Table 2 presents the dimensions of 

this second model and establish a comparison between the concept dimensions and the values retrieved 

form the manufacture brochure (figure 9). 

 

Table 2- External dimension comparison between concept container and manufacturer one. 

 Length(mm) Width (mm) Height (mm) 

Atlas concept 

container 
412.1 290.82 275 

Manufacturer Atlas 

container 
410 293 279 

Difference +2.1 -2.18 -4 

  

After some numerical simulations performed in Abaqus, that will be described in chapter 5, it was 

necessary to add some aluminum reinforcements (figure 19) on the areas of adhesion. So, the final 

model has the dimensions presented on table 2 and includes these reinforcements that have two main 

proposes. The first, is to withstand some of the structural forces applied to the galley container and the 

second and most important, is to increase the adhesive area similar to the lap joint technique presented 

on the literary review.  
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Figure 19- Aluminum reinforcements. 

 

To ensure that the final model was well constructed two standardized trays were made in solid works 

from information provided by a manufacturer [25] and inserted on the container. No problems were found 

since the inner dimensions were sufficient to accommodate these components. Figure 20 show the final 

3D model galley concept constructed with the two trays inside. 

 

 

Figure 20- Solid works model of the galley container. 

After introducing in Solid work, the respective density value for the composite material of 441,42kg/𝑚3, 

which was obtained during the experimental procedure presented on chapter 4 and the density of the 

aluminum alloy 2700kg/𝑚3 (table 4) it was possible to determine the total weight thanks to the mass 
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properties menu. The concept container without the trays has a total weight of 1.86Kg which is 840g 

lighter than the aluminum alloy one. It is important to mention that 355g are still elements made of 

aluminum, which represents 20% of the weight. This menu also provides the location of the center of 

mass, which as it is shown on figure 21 is located exactly on the top handler. This fact ensures that the 

galley container is balanced and well-constructed. 

 

 

Figure 21- Center of mass location in the concept galley. 

 

It is important to notice that the hinge connected to the door and the door knob are not equal to reality, 

it is just simple representation. This fact is not a major issue, since the final assembly can be constructed 

with the traditional and commercial components.  
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3.2-Concept galley materials  
 

 

The idea of this master thesis is to substitute the traditional aluminum alloy 6061 used in galley 

containers with the cork/fiberglass sandwich composite. Therefore, in this section it will be described 

the characteristics and properties of all the materials used to develop the new concept. The core of the 

sandwich composite consists of a NL20® cork agglomerate with 5 mm thickness and density of 

200kg/𝑚3 as presented on figure 22. The main reason to use this thickness, is the dimensions 

requirements provided by the Atlas standard. A smaller thickness material lead to more available space 

inside the container. This material is provided by Amorim Cork Composites [26].  

 

 

Figure 22- Agglomerated cork NL20 with 5mm. 

 

In order to simulate this material in Abaqus, it was necessary to input his behavior under tension and 

compression therefore, the following graph shows the complete stress/strain behavior of this 

agglomerate cork. Figure 23 was retrieved from [27]. 

 

 

Figure 23- Stress/strain curves obtained for the cork agglomerate (analytical curve) [27]. 
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Concerning the skins of the composite, it was used glass fibers and epoxy resin. The choice was made, 

because fiberglass is cheaper than carbon fibers, and after performing the numerical simulations the 

galley container was able to resist the required forces. The fiber glass chosen was produced by Hexcel 

figure (24) [28]. It was used only one layer and the type chosen was 2×2 twill woven fabric with a density 

of 300Kg/𝑚3. Multiple layers of fibers or a higher grammage would probably improve the mechanical 

performance of the composite, but since the final product is designed to be used inside airplanes, the 

weight of the components is one of the key factors that must be as low as possible. 

 

 

Figure 24- Fiberglass by Hexcel 

 

The resin chosen was the epoxy resin 1050, combined with the 1059S hardener both manufactured by 

Resoltech (figure 25). Consulting the technical data sheet provided by the manufacture, it is possible to 

see that this is the best resin/hardener combination in terms of physical properties. The main downside 

of this combination is the small gel time, which is about 10 min [29]. This means that this is the total time 

available to spread the resin during the hand layup process. 

 

Figure 25- Epoxy resin 1050 (left), Hardener 1059 (right) 
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Taking in consideration the type of fibers and resin used, there is an optimal percentage relation between 

the quantities of the two components. Since this composite is produced by a hand lay-up process this 

weight ratio should be 65% to ensure the uniformity is achieved across all surface. To accommodate 

resin losses during the manufacture process, a percentage of 68% was used as the relation between 

resin and fibers. The values of the Young’s modulus (E), Poisson coefficient (𝜈) and shear modulus (G) 

of the combined fibers and resins according to [27] are presented on table3: 

 

Table 3- Main properties of the resulting combination of the fibers with the resin [27]. 

Properties 𝐸1[𝑀𝑃𝑎] 𝐸2[𝑀𝑃𝑎] 𝐸3[𝑀𝑃𝑎] 𝜈12 𝜈13 𝜈23 𝐺12[𝑀𝑃𝑎] 𝐺13[𝑀𝑃𝑎] 𝐺23[𝑀𝑃𝑎] 

Experimental 9 852 9 042 3460 0.192 0.3 0.3 1878 1331 1331 

 

 

The values of 𝐸1 𝐸2  ν12 G12 were determined experimentally. The other properties were inputted directly 

from the manufacture technical sheet, since in the radial direction (third direction) the effects of the resin 

will be higher than the effects of the fibers [27]. 

Additionally, it was chosen the Aluminum Alloy 6061 to construct the tray supports and the 

reinforcement, since this is the material used on the current galley container. All the characteristics can 

be found on [30], but the required properties to introduce in Abaqus are compiled on the table 4: 

 

Table 4- Aluminum Alloy 6061 properties [30]. 

E[M𝑃𝑎] 𝜈 Density [Kg/m3] 

68900 0.33 2700 

 

 

The last material used in this work is the epoxy resin XNR6852 [31] manufacture by Nagase Chemtex. 

This is an epoxy resin designed for aeronautical applications and his key features are high elongation 

and excellent t-peel strength.  

NagaseXnr6852 follows the triangular CZM behavior described in section 2.2.4 and the numerical values 

used on this dissertation, where determined through experimental procedures, as it is possible to see 

on [32]. Similar values can be found also on [33]. Table 5 presents the different values used, where the 

index n represents the normal direction and s represents the shear direction. 

Table 5- Xnr 6852 properties [32]. 

𝐸[𝑀𝑃𝑎] G[𝑀𝑃𝑎] 𝜎𝑛[𝑀𝑃𝑎] 𝜎𝑠[𝑀𝑃𝑎] 𝐺𝐼𝐶𝑛[N/mm] 𝐺𝐼𝐶𝑠[N/mm] 

1742 640 42.9 28.7 1.7 18 
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4-Experimental procedure 
 

The composite material made of Nl20 agglomerated Cork with 5mm of thickness and fiberglass was 

initially studied by Nuno Soares in his master thesis. With that work, it was possible to study the behavior 

of this configuration under compressive forces. However, it is still important to determine the bending 

behavior of this material when subjected to a four-point bending test. So, in this chapter a detailed 

description of all the experimental procedure is made starting on the manufacture process and ending 

with the results. It is important to mention that one of the goals of this section is to obtain an experimental 

benchmark that later in chapter 5 will be compared to the numerical methodology implemented. To 

ensure that Abaqus is able to predict accurately the numerical bending behavior of this material two 

different agglomerated cork thickness were used as the core material. The first one is the 5mm 

agglomerated cork thickness, the selected configuration to use on the concept galley and the second 

one uses 10 mm. Since the first configuration is more relevant to this dissertation, more emphasis was 

given to it in this section. 

 

4.1-Manufacture process 

 

The first step of the manufacture process is to turn on the press machine, because the procedure of 

heating the plates until the required temperature of 60ºC is reached and stabilized, takes 20 minutes. 

The second stage is to measure the total area of agglomerated cork in order to determine the necessary 

amount of epoxy resin and hardener. This can be calculated, since the percentage relation between 

fibers and resins must be equal to 68% and the required area of fibers must be equal to the total area 

of agglomerated cork. Using these two relations, it is calculated the weight in grams of resin and 

hardener, that will be mixed in a cup for about 2 minutes. Having the proper mixture, half of the cup is 

poured directly over the agglomerated cork and with the help of a spatula spread across all area. After 

that, the glass fibers are placed on top and the remaining resin is poured and spread as previously 

mention. A plastic cover is laid on top as protective surface and the composite is inserted inside the 

RTM machine model Piston 3L manufactured by Isojet [34], that is presented on figure 26. Despite being 

an RTM machine, this system was only used as a press system since the production of the plates was 

hand layup. 
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Figure 26- RTM model Piston 3L machine. 

 

The machine has the plates heated to a temperature of 60ºC and when closed it will provide a pressure 

of 1 bar. It is important to mention, that this press is a part of an RTM system, so in order to successful 

use it the complementary system on the left must be also turned on and the program Piston 2006 

running. This procedure will take about 30 min. After that, the composite is retrieved, placed on the table 

and it stays there 20 minutes untouched to cool down. Then the opposite layer is made following the 

same steps. When both layers are completed the composite is placed inside an oven and left there for 

8 hours to finalize the cure process. When all these steps are finished (figure 27), the plates are ready 

to be trimmed according to the standards in the case of test specimen production or with the right 

dimensions if achieving a final product is the objective.  

 

 

Figure 27- Final plate after the cure process and before the trimming. 
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4.2-Specimen specifications  

 

The specimens were designed according to the ASTM C393 [35]. This standard is used to determine 

the properties of plan sandwich composites submitted to a bending test. According to the standard, all 

the specimens must have a rectangular shape and the width must be superior to the double of the 

thickness and inferior to half of the distance between the support spans. The total length is equal to the 

length of the support spans plus fifty. Another aspect to take into consideration is that, the length of the 

support spans divided by the thickness of the composite must be higher than 20. In short summery the 

dimensions required are presented below, where t is the thickness, s is the distance between the support 

spans, w the width and l the length. 

 

𝑡 ≅ 6𝑚𝑚 

𝑠

𝑡
> 20 ⇔ 𝑠 = 120𝑚𝑚 

𝑠

2
> 𝑤 > 2𝑡 ⇔ 60𝑚𝑚 > 𝑤 > 12𝑚𝑚 

𝑙 = 𝑠 + 50 = 170𝑚𝑚 

 

With these dimensions, the plate produced was cut with a Bosh saw and a total of 10 specimens were 

obtained. The thickness was measured in four different points with a Vernier, the remaining lengths 

measured with a ruler and the weight with a precision scale. The final specimen dimension weight and 

density is showed on table 6. 

 

Table 6- Final composite specimen dimensions, weight and density. 

Specimen Length(mm) Width(mm) Thickness(mm) Weight (g) Density (Kg/𝑚3) 

1 166 49 4.99 18.14 446.9 

2 168 46 4.75 16.21 441.5 

3 168 49 4.92 17.82 439.9 

4 166 48 4.88 16.73 430.2 

5 166 49 4.89 16.30 409.8 

6 166 48 4.96 18.40 465.5 

7 167 47 4.71 17.35 469.3 

8 168 49 4.92 16.94 418.2 

9 167 47 4.77 17.61 460.5 

10 167 48 4.97 17.23 432.4 
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After all the measurements it is noticed that the final specimen thickness is inferior to 5 mm, when 6 mm 

was the expected value, considering that the cork agglomerated had a thickness of 5 mm and the two 

skins thickness combined should be 1 mm. This aspect can be explained by the action of the press that 

compresses all the components together. This fact will not impact the length and width of the specimens 

because none of dimensions conditions present in the standard are disobeyed. Figure 28 shows the 

final specimen ready to be tested. 

 

 

Figure 28- Final specimen. 

 

4.3-Bending test 
 

The test was performed on an Instron 5566 Machine [36], with the four-point bending configuration. The 

support spans were placed according to the rules described on the previous section, and the loading 

spans were 40mm separated from each other. The lower piston of the machine was set to static and the 

upper one was programed to drop 6 mm every minute. Two rectangular shape rubber bands were placed 

on top of the specimen, in the area where the load was going to be applied, with the intention to minimize 

the local tension produced by the loading spans. Before the test, the movement of the piston and force 

applied by it is set to zero, then the upper span was lowered until it touched the specimen and a total 

force of 15N was applied. In that point, the movement of the piston was once again set to zero and the 

test was ready to begin. The test was stopped after the maximum force applied was achieved. A picture 

of the initial configuration is shown in figure 29. 
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Figure 29- Four-point bending configuration. 

 

4.4-Results of the four-point bending with 5mm agglomerated cork 

thickness 

 

The software Instron Bluehill was responsible to acquire the data that in this case was the force applied 

and the displacement. With these two parameters a plot was made and presented on figure 30. 

 

 

Figure 30- Graph applied force/ displacement result of the four-point bending test. 
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Analyzing the graph, it is possible to see that generally the behavior is the same, with the maximum 

force applied situated between 200N and 220N. It is also important to mention the type of failure that 

occurred in this bending test. As it is possible to see on the figure 31 and compared that with the failure 

modes presented in the literature review, it is possible to conclude that the specimen failed due to face 

failure. At a certain point during the experimental procedure, it is possible to hear the breaking skin. 

 

Figure 31- Skin breaking demonstrated by the composite after the test. 

 

Another remarkable aspect to refer, is that once the force was removed from the specimen, it recovered 

almost completely his initial shape nearly instantaneously. This was expected due to the hyperelastic 

behavior of cork. 

 

4.5-Experimental procedure with 10mm agglomerated cork thickness 

 

The same bending test was also performed with the NL 20 agglomerated cork 10 mm of thickness, to 

further test the numerical model. The manufacture process, resins, fibers and test condition were equal, 

the only exception was the specimen size that because of the standards rules had to be different. The 

final specimen dimensions are represented on table 7. 

 

Table 7- Specimen dimensions. 

Specimen Length(mm) Width(mm) Thickness 

1 267 43 9.46 

2 267 40 9.53 

3 275 42 9.30 

4 268 44 9.48 

5 274 41 9.47 

6 274 42 9.45 

7 267 42 9.27 

8 270 42 9.37 
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From the 8 specimens available 6 were selected, tested and the results are shown on figure 32. 

 

 

 

Figure 32- Graph applied force/ piston displacement result of the four-point bending test using 10mm 
agglomerated cork. 

 

The results in this case were more divergent than the ones obtained with 5mm specimens. It can be 

observed that the maximum force applied diverge from 160N to 225N. A factor that might contribute to 

this is the size of the specimens, that as it possible to see on table 7 varies from 265mm to 275mm. 

These dimensions differences were obtained during the specimen trimming, due to lack of experience 

operating the Bosh saw.  The same type of failure was observed in these specimens. 
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5-Finite Elements Simulations 
  

The main objective of this thesis is to see if it is possible to construct a galley container using cork-based 

composites as main material. To evaluate if that is a real possibility, it will be necessary to realize multiple 

numerical simulations in Abaqus 6.14® software. Abaqus don´t provide the option to input units so, once 

a value is introduced with a certain dimension all further simulation unit must be introduced accordingly. 

For this thesis, the dimensions introduced in Abaqus were in mm, so all the forces and stresses units 

had to follow table 8:  

 

Table 8- Abaqus units guide [37]. 

 

 

To demonstrate the methodology followed a brief explanation of the general approach will be made in 

this section. When opening Abaqus it is possible to see a set of different modulus that should be filled 

in chronological order. The first module is called part and there it is possible to create all the components 

that will be studied. To do this Abaqus has a set of simple drawing tools, and the piece can be designed 

and extruded. It is important to mention that all the components were constructed using the 3D modeling 

space and deformable type except the support spans for the bending test where the option rigid body 

was used. For this master thesis it was necessary to create sixteen different parts. It is also important 

to mention that every agglomerated cork layer had 5mm and every fibers/resin layer had 0.5mm. 

The next module is properties, where the several materials are created. On this master thesis a total of 

4 different materials were used, and all of them except the epoxy adhesive (that will be created on the 

interaction menu) were defined here. 

To simulate the cork, it was necessary to input the density with the value of 200𝐾𝑔/𝑚3and to choose 

hyperelastic behavior, since this is the catachrestical performance of this material. After that, it was 

selected material type isotropic, strain energy potential Ogden and it was also introduced the Poisson´s 

ratio of 0.15. To finalize it was required to provide the stress strain curve under the option test data 

followed by uniaxial test data [27]. 
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Concerning the skins of the composite made of fibers and resin, the density inserted was 1169𝐾𝑔/𝑚3. 

After that and according to the type of properties that are known it was chosen elastical behavior, type 

engineering constrains, and the constants were filled with the values presented on table 9[27]. 

 

Table 9- Skin properties [27]. 

Properties 𝐸1[𝑀𝑃𝑎] 𝐸2[𝑀𝑃𝑎] 𝐸3[𝑀𝑃𝑎] 𝜈12 𝜈13 𝜈23 𝐺12[𝑀𝑃𝑎] 𝐺13[𝑀𝑃𝑎] 𝐺23[𝑀𝑃𝑎] 

Experimental 9 852 9 042 3460 0.192 0.3 0.3 1878 1331 1331 

 

 

 

To finalize, it was necessary to introduce the material orientation. Even though this thesis will have 

multiple plates, they will all follow the same pattern. The axial direction will be represented by the first 

direction, the tangential will be represented by the second direction and finally the radial direction will 

be represented by the third direction. Figure 33 helps to illustrate this idea.  

 

 

Figure 33-Material orientation assignment. 

 

The final material created in this section was the aluminum. Here it was required to insert the density 

with the value of 2700𝐾𝑔/𝑚3 and to choose elastic behavior. The Young’s module has the value of 

68900MPa and the Poisson’s ratio 0.334.  

The next module is assembly. Here it is possible to place all components on the appropriate place. Since 

this system has multiple plates of composites and other components two types of assembly can be 

found in this module. The first one is the construction of the composite itself. To do this it is necessary 

to move the skins and the cork core using the various mechanisms that Abaqus possesses. The second 

is the correct placement of the composite plates and reinforcements. This second stage depends on the 

type of system that is being studied.  
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The next module is step. For every simulation in this thesis was chosen static general analysis step and 

all the parameters were left on the default option except the time increment, which in some cases was 

necessary to decrease it. 

The next module is interaction. This is by far the most complex and important menu of the all entire 

simulation process, not only because it was necessary to simulate the interactions between the different 

layers of the composite, but because it was also necessary to simulate the adhesive connection of the 

various components. For the first case it was used the Tie constrain where the fibers and resin were the 

master surface and the cork the slave surface. Since the composite is made of two layers of fibers and 

resin and one of cork, for every plate it was necessary to use two Tie constrains.  For the second case, 

it was necessary to introduce the epoxy adhesive properties on the interactions property menu (figure 

34). The epoxy adhesive follows the triangular cohesive zone model explained on the section 2.  

In this case, it was assumed that the initial stress separation was linear until the maximum stress is 

reached and then a damage evolution stage begins. So, the criteria used in this thesis to process the 

damage initiation was the maximum nominal stress criterion which means that when the maximum 

stress ratio is equal to one the damage begins [24]. The equation 1 represents this principle. The n,s,t 

indexes represent the three main directions and 𝑡0 the peak value. 

 

                                                                                        (1) 

 

The damage evolution was defined through mixed mode power law, characterized by fracture energy. 

This mixed mode uses the three-fracture energy, one in each direction, in order to achieve a more 

accurate simulation. So, this damage follows the equation 2 [24]. Where G represents the fracture 

energy at a given point and 𝐺𝑐 the total fracture energy in each direction. The indexes represent the 

same as stated above.  

 

                                                                          (2) 

 

It is also important to mention that the softening process used to simulate this damage was linear. Figure 

34 shows all the steps followed to simulate the adhesive material. 
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Figure 34- Adhesive material Abaqus simulation. 

 

On the left menu of figure 34 it was introduced the Young modulus (Knn) and shear modulus (Kss,Ktt) 

in MPa. The central menu is responsible to simulate the damage initiation, so in this section it was 

selected the maximum nominal stress criterion as previously stated and the normal and shear stress 

values introduced. The last menu is responsible to simulate the damage evolution, so the fracture energy 

values were introduced, and the required behavior selected. 

After that, it was possible to connect the components together using surface to surface contact with 

small sliding formulation. The master surface in this case was the aluminum and the slave were the 

fibers and resin. Because some of the subsystems have multiple components, a large number of 

interactions and constrains were required in a simple simulation. 

The next module is load and this section will depend on the system that it is being studied. In the next 

section all the loads and boundary conditions will be thoroughly described.  

The next module is mesh. Most of the mesh was produced automatically by the program, but the mesh 

size dimensions were changed to 20mm after the convergence study results performed during the 

numerical bending test (section 5.1). The other unique precaution that was considered was to make 

sure that the mesh density of the slave surface is finer or equal to the master one whenever possible. 

In the case of the top plate with a hole in a middle a couple of partitions were made to achieve a 

symmetrical mesh. In every simulation the element type C3D8R (Continuum, 3-D, 8-node, Reduced 

integration) was used, because it was the one that lead to the most accurate results, as it is possible to 

see on section 5.1. The C3D8R element is a general purpose linear brick element, with reduced 

integration (1 integration point). The shape functions are the same as for the C3D8 element. Figure 

shows 35 the convention node numbering followed and the location of the integration point [39]. 
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Figure 35- C3D8R element scheme [38] 

 

The next module is optimization but because no action was taken in this module no explanation is 

required. 

The next module is Job. Here a job was created and submitted to analysis. After a while all the 

simulations were successfully accomplished.  

The final module is visualization. Here it is possible to view the final results of the simulation. Because 

the final idea is to discover if it possible to construct a galley container using cork/fiberglass composite 

in this section it was important to view the main stresses and total deformation of the components. For 

all the simulation performed the 3D axis used to display the results is represented on figure 36. 

 

 

 

 

Figure 36- 3D axis orientation. 
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5.1- Bending test with 5mm thickness agglomerated cork 

 

In order to establish if the behavior of the numerical model is accurate a four-point bending test was 

performed using Abaqus and after compared with the experimental values shown on the chapter 3. The 

specimen was designed with the same dimensions, which were 170mmx50mm and the assembly 

module was made recreating the experimental procedure. The roller spans mesh dimension is irrelevant 

in the analysis, since the option rigid body was selected, when creating this part. This option was chosen 

because, it is more important to see the stresses and deformation of the composite. Different mesh 

dimensions of the agglomerated cork and skins were implemented in order to study the convergence of 

the solution. The lower support spans are restrained in every direction and the upper support spans can 

move on the Y direction. A total load of 400N was applied on the upper support spans and the force 

applied and displacement made by the roller span was retrieved and compiled on a plot. A schematic 

of the analysis is represented on figure 37. 

 

Figure 37- Four-point bending configuration on Abaqus 

 

A convergence analysis was performed changing the mesh size dimensions used and the results 

present on figure 38 shows that when the mesh size decreases the force necessary to achieve the same 

displacement decreases. 

 

 

Figure 38- Mesh size study 
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This fact can be explained by the wrinkling phenomenon presented on figure 39 that doesn’t exist with 

this magnitude in the experimental specimen. 

 

 

Figure 39- Wrinkling phenomenon in Abaqus   

 

Whenever the mesh size is higher than 10 mm the surface curvature of the skin is smoother and the 

results more accurate. This information was used later in the modulation of the galley container. Since 

no difference in the results was found between a mesh of 10 and 20 mm and because a higher 

dimension mesh will require less computational time, the 20 mm mesh was used in all the analysis 

except the container door subsystem. Additionally, it was studied the influence of the mesh type 

elements used to simulate the skin and the core component of the sandwich composite. Figure 40 

presents the force applied and the vertical displacement of the loading span, depending on the type of 

element. 

 

 

 

Figure 40- Element type influence study 
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Based on the results of the experimental procedure (figure 30), where it is expected that an applied 

force of 200N corresponds to a vertical displacement of the loading span around 5mm, it is possible to 

conclude that the most accurate element to simulate this composite is the C3D8R, because the applied 

load in this instance was equal to 135 (2x67). Using the elements C3D8 and C3D8H it is obtained an 

excessive force applied and the element C3D8I doesn’t have the expected linear behavior. So, in all the 

analysis will be used C3D8R elements to perform the analysis. Table 10 presents the mesh properties 

concerning the 4-point bending analysis with a mesh of 20mm and elements C3D8R. 

 

Table 10- Four-point bending analysis mesh properties. 

Number of elements 1920 

Number of nodes 2064 

Degrees of freedom 3 

Type of elements C3D8R 

Nonlinear geometry Yes 

 

 

It is possible now, to compare the results of the experimental work and the numerical one (figure 41) 

using a mesh size of 20mm.  

 

 

 

Figure 41- Comparation between the experimental and numerical four-point bending test. 
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The experimental specimens are more rigid than the one analyzed on Abaqus, this means that for the 

same force applied the loading span will move less. This fact might be explained with the absorbed resin 

by the agglomerated cork during the hand layup process that it is not simulated on Abaqus. Despite that 

fact, the maximum force applied in Abaqus was 184N which close from the 215N achieved in average 

during the bending tests. It represents an error around the 15% and since the simulations are more 

pessimistic than the reality, the results presented further on Abaqus might be more pessimistic than the 

results of the final product. 

 

5.1.1-Bending test with 10mm thickness agglomerated cork. 

 

To further test the accuracy of the numerical model, the same procedure stated before was replied with 

an agglomerated cork of 10mm. The convergence analysis is shown on figure 42. 

 

 

Figure 42- Mesh size study with 10mm agglomerated cork. 

 

As it is possible to see in this instance the 10mm mesh size wasn´t as accurate as in the previous case 

where it´s behavior was almost identically to the 20 mm mesh size. This fact might indicate that the 

mesh size should be higher than the total thickness of the specimen.  

Using a mesh size of 20 mm a comparation between the numerical and experimental model was 

performed and the results presented on figure 43. 
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Figure 43- Comparation between the experimental and numerical four-point bending test with 10mm 

agglomerated cork 

 

The mesh properties are presented on table 11. 

 

Table 11- Four-point bending with 10 mm thickness agglomerated cork analysis mesh properties. 

Number of elements 1690 

Number of nodes 1984 

Degrees of freedom 3 

Type of elements C3D8R 

Nonlinear geometry Yes 

 

 

The Abaqus analysis was similar to the previous case, predicting well the maximum force required but 

not the displacement of the piston. This once again, might be explained by the absorbed resin inside 

the agglomerated cork core. 
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5.1.2-Tensile test 

 

In order to establish if the behavior of the numerical model is accurate, a numerical tensile test was 

performed as well, and the results analyzed. To do this a composite specimen was produced on Abaqus 

and the top and bottom parts were inserted on a grappling system, similar to the on that can be found 

in conventional testing machines. The top part was commanded to go up 50mm to ensure that the 

specimen breaks and then the simulation was completed. Table 12 presents the mesh properties 

concerning this analysis. 

 

Table 12-Tensile test mesh properties. 

Number of elements 40000 

Number of nodes 59346 

Degrees of freedom 3 

Type of elements C3D8R 

Nonlinear geometry  Yes 

 

 

 Figure 44 shows the stress distribution on the specimen considering direction 2.  

 

 

Figure 44- Tensile test stress distribution. 
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Looking to figure 44 it is possible to see that the skins carry more stresses than the core. This means 

that the skins are working as intended. To see if the Young’s modulus is equal to the one shown on the 

literary review (table 6) the graph stress strain of one central element of the skin was plotted.  

 

 

 
Figure 45- Tensile test stress/strain graph. 

 

The Young’s modulus (figure 45) are almost the same as the one presented on the literary review table 

3 for all the three directions as it is possible to see on table13, which is also an indicator to validate this 

numerical analysis.  

 

Table 13-Tensile test comparison. 

Properties 𝐸[𝑀𝑃𝑎] 𝐸2[𝑀𝑃𝑎] 𝐸3[𝑀𝑃𝑎] 

Literary review 9852 9042 3460 

Numerical results 9853.2 9098.3 3461 

Difference 0 +0.6% 0 
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5.1.3-Galley container lateral wall. 

 

According to the Jar standards [5] every panel must withstand a total force of 1360N in every direction 

applied by any mechanism with the dimensions of 101x101 mm. This is similar to a bending test, but in 

a large scale. In this test, the top and bottom of the lateral wall were locked in every direction and a plate 

of aluminum with the required dimensions constructed and used to apply the required force of 1360N. 

Table 14 present the mesh properties concerning this analysis. 

 

Table 14-Galley container lateral wall mesh properties. 

Number of elements 400 

Number of nodes 882 

Degrees of freedom 3 

Type of elements C3D8R 

Nonlinear geometry  Yes 

 

 

Figures 46 and 47 represent the Stress in the X direction which is the one with the higher stresses 

around 6MPa and the magnitude of the deformation which is around 2 mm. It is important to mention 

that this is the side opposite to the aluminum plate. 

 

• Stress 

 

 

Figure 46- Lateral panel stress on the X direction. 
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• Deformation 

 

 

Figure 47- Deformation magnitude of the lateral panel.  

 

With these results it is possible to assess the magnitude of stresses that the composite must withstand 

in order to pass successfully the requirements.  

 
 

5.2-Study of the adhesive component 

 

In this section a few tests were conducted, to evaluate if the adhesive component is well simulated. The 

first one was designed to test the normal and shear behavior of the glue element and compared it to the 

values shown on the table 5. To do this, two specimens of fibers/resin with the dimensions of 

200mmx20mmx0.5mm were created and connected with a 0.13mm layer of adhesive material. The 

option element deletion that recreates the removal of degraded elements was selected on the mesh 

element type menu. The elements used to simulate the adhesive material is the COH3D8. Figure 48 

illustrates this principle, where it is possible to see the top and bottom layers of fiber/resins and some of 

the elements deleted and others still working on the middle. The pulling force was applied on a small 

area of the top layer and it was only used to exemplify this behavior.  
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Figure 48- Elements deletion of adhesive component. 

 

The test itself, was performed locking the bottom fiber layer in every direction and then a pulling force 

and a shear force respectively were introduced on the top layer. Table 15 presents the mesh properties 

of this analysis.  

 

Table 15- Adhesive study mesh properties. 

Number of elements 1920 

Number of nodes 2916 

Degrees of freedom 3 

Type of elements C3D8R, COH3D8 

Nonlinear geometry Yes 

 

 

Figure 49 and 50 show the stress/nominal strain curve retrieved from a single element of the adhesive 

layer and table 16 presents a comparison between the values obtained in this analysis and the 

properties of adhesive material NagaseXnr6852. 

 

• Pulling force 

 

 

Figure 49- Glue analysis normal direction. 
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• Shear Force 

 

 

Figure 50- Glue analysis shear direction. 

 

Table 16-Adhesive analysis comparison. 

Properties 𝐸[𝑀𝑃𝑎] 𝜎𝑛[𝑀𝑃𝑎] G[𝑀𝑃𝑎] 𝜎𝑠[𝑀𝑃𝑎] 

Literary review 1742 42.9 640 28.7 

Numerical results 1447.1 38 437.95 28 

Difference 17% 12% 32% 3% 

 

 

In terms of total maximum stress, the results were almost accurate on the shear case and slightly lower 

on the normal direction, but as it is possible to see in table 16, the Young modulus is lower in both cases 

when compared to the values introduced on table 5. Despite this fact, the overall behavior of the glue 

element follows the triangular CZM model described, which indicates that the analysis is being well 

modulated.  

The second test was designed to compare the adhesive behavior using cohesive elements like in the 

previous test, with using the interactions properties available on Abaqus, where no elements are used. 

Because the final product will have multiple components, the second methodology is easier to 

implement, since it is not necessary to create the multiple layers of adhesive needed. So, two types of 

models were created. The first one was the same as in the above case and the second one takes the 

same specimens but uses the interactions module to simulate the adhesive behavior. Table 17 present 

the mesh properties concerning this test. 
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Table 17-Adhesive behavior study mesh properties. 

 Elements Interaction 

Number of elements 1920 1280 

Number of nodes 2916 2850 

Degrees of freedom 3 3 

Type of elements C3D8R, COH3D8 C3D8R 

Nonlinear geometry Yes Yes 

 

 

The bottom layer was locked in every direction and a pulling force was applied on the top layer of both 

models. Figure 51 presents the plot applied force/top layer displacement obtained for both cases. 

 

 

Figure 51- Glue model study on the normal direction. 

 

To evaluate the shear performance a similar procedure was followed but now a lateral force was applied 

on the top layer. Once again, the force/displacement plot was constructed, and it is presented on figure 

52. 

 

 

Figure 52- Glue model study on the shear direction. 
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In the normal direction the results were very similar between the two methods. The slop of the increasing 

force is the same for both methods and it only differed slightly in terms of maximum force applied where 

it was necessary 10% more force with elements methodology to initiate the damage process. For the 

shear case the results weren’t as accurate. Despite the fact, that the general behavior being similar, 

(increasingly fast the applied force until a peak point, followed by decay) to cause small movements until 

0.1mm it is necessary almost double the force when considering the interaction model. Additionally, the 

maximum force applied to initiate the damage process is 20% more with the interaction module. 

 

5.3-Galley container subsystems 
  

Now, that it was proved that the simulation of the composite has a similarity with the results obtained 

from the experimental procedure and that it is strong enough to fulfil the standards in terms of structural 

performance, the galley container is ready to be analyzed. Since this is a complex component with 

multiple interactions it was necessary to divide it in smaller and simpler subsystems. As an example, 

the system that a study the adhesive connections between the plates has eight Tie constrains that 

simulate the four plates of composite and seventeen interactions that simulate the glued components. 

Increasing the number of interactions and components would not only increase the difficulty of 

modulation in Abaqus, but it would also increase the computational time necessary to successfully 

complete the simulation.  

 

5.3.1-Tray support subsystem 

 

According to the information present on the literary review it is possible to see that a galley container 

must be able to carry a tray inside and it must stand a total weight of 25Kg. So, this simulation was 

constructed under the assumption that the total weight is concentrated in a single tray which is the worst-

case scenario, and in that circumstance, a single support must withstand a total force of 125 N. To make 

sure that this is accomplished on the realty, the top and bottom of the lateral wall were locked in every 

direction, a force of 400N was applied directly on top of the aluminum and the system behavior was 

observed. Table 18 presents the mesh properties concerning this Analysis. 
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Table 18- Tray support subsystem mesh properties. 

Number of elements 862 

Number of nodes 1982 

Degrees of freedom 3 

Type of elements C3D8R 

Nonlinear geometry Yes 

 

 

Figure 53 represent the stresses in the X direction on the side that has the tray (on the left) and the 

opposite side right. The deformation image representation wasn´t shown since the deformation is almost 

equal to 0. This solution is not 100% symmetric since the aluminum tray is closest to one side than the 

other. 

  

  

 

Figure 53- Stress distribution on the x direction of the tray subsystem. 

 

The remaining directions stress and deformation values are condensed on table 19. 

 

Table 19- Tray support subsystem stress and deformation values. 

Property σ𝑥 [MPa] σ𝑦 [MPa] σ𝑧 [MPa] 𝑈𝑥 [mm] 𝑈𝑦 [mm] 𝑈𝑧 [mm] 

Value 2.1 0.35 0 0 0 0 
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5.3.2- Handling plate subsystem  

 

This system consists of a big composite plate with a rectangular hole in the middle where it was glued 

a smaller plate carrying the aluminum handler. The basic idea of this study was to simulate the field of 

stresses generated when someone holds the container with full capacity. To do that, all the sides of the 

main plate were restrained and a pulling force of 1360N was applied directly on top of the handler. Table 

20 present the mesh properties concerning this analysis. 

 

Table 20-- Handling plate subsystem mesh properties. 

Number of elements 1241 

Number of nodes 4500 

Degrees of freedom 3 

Type of elements C3D8R 

Nonlinear geometry Yes 

 

 

To ensure that the stresses distribution was more relevant in this simulation, the handler was removed 

on the visualization module. This aspect helped to spread the coloring map of stress, that otherwise 

would be almost homogenous in both plates and very divergent only on the handle, where the force is 

applied. The simulation shows a bending behavior on the two plates as expected, which indicates that 

the simulation was well made. The maximum stress was achieved in the X Direction for both plates, so 

figure 54 and 55 shows field of stress on the bigger and smaller plate respectably. 

 

• Bigger plate 

 

 

Figure 54- Stress distribution of the bigger plate of the handling plate subsystem. 
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In this case it is possible to see that the maximum stress is arround 3.8MPa and it is located on the top 

skin of the top plate. This is expected since this was the side subjected to tension force. 

 

• Smaller plate 

 

 

 

Figure 55-Stress distribution of the smaller plate of the handling plate subsystem. 

 

Similar to the bigger plate the maximum stress was is located on the top skin and it is around 1.35MPa. 

This, once again, correspond to the side subject to tension force. The blue area is the local where the 

handle is glued and that is why the stress there is lower. The remaining directions stress and deformation 

values are condensed on table 21. 

 

Table 21- Handling subsystem stress and deformation values. 

Property σ𝑥 [MPa] σ𝑦 [MPa] σ𝑧 [MPa] 𝑈𝑥 [mm] 𝑈𝑦 [mm] 𝑈𝑧 [mm] 

Bigger plate 3.8  0 3.9 0 2.4 0 

Smaller plate 1.36 1 2 0 3 0 

 

 

It was also performed a study of the total deformation present on figure 56 where the top part was locked 

in three sides (left case) and where it was only locked in the two bigger sides. This study will be important 

later when the adhesive connection simulation is being made.  
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Figure 56- Total deformation study of the ceiling subsystem. 

 

The maximum deformation was 5.8mm in the first case and 9mm in the second case, which is a 

difference around 3mm.   

 

5.3.3- Galley container door 
 

 

This simulation was constructed to simulate the pulling motion while the container is locked. To do that, 

the lateral sides of the door were locked on every direction and a pulling force of 1360N applied on the 

door knob. Due to the location of the holes in this component, the mesh density had to be increased in 

order to achieve a more uniform mesh. Figure 57 display the initial mesh of 20mm and the final one with 

9 mm mesh. 

 

 

Figure 57- Container door initial mesh (left) and final mesh (right) 
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Table 22 presents the mesh properties concerning this analysis. 

 

Table 22-Container door subsystem mesh properties. 

Number of elements 3181 

Number of nodes 6720 

Degrees of freedom 3 

Type of elements C3D8R 

Nonlinear geometry Yes 

 

 

To ensure that the stress distribution was more relevant in this simulation, the door knob was removed 

on the visualization module. Analyzing figures 58, 59 and 60 it is possible to conclude that the maximum 

stresses for the three main directions are located around the door knob. Because of the proximity of the 

two holes present in this component and the small area of interaction between the door knob and the 

composite, the stresses attained in this subsystem (130 MPa) are higher when compared to other ones. 

 

• Stress on the X direction. 

 

 

 

Figure 58- Door subsystem stress distribution on the x direction. 

 



58 
 

 

 

• Stress on the Y direction. 

 

 

Figure 59- Door subsystem stress distribution on the y direction. 

 

• Stress on the Z direction. 

 

 

Figure 60- Door subsystem stress distribution on the z direction. 

 

Considering now the deformations, the maximum value achieved was on the X direction and it has a 

value of 12.4mm as shown on figure 61. The deformation on the other two directions is almost equal to 

0mm. 
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Figure 61- Door subsystem deformation on the x direction 

 

5.3.4- Casing subsystem 

 

This simulation was constructed to determine if the XNR 6852 glue used to connect the different plates 

was strong enough. So, in this analysis, to the handling plate subsystem presented previously was 

added two side plates and they were glued together. Once again, it was applied a pulling force of 1360N 

on top of the handler. The initial design only had four aluminum reinforcement, one in each corner, but 

as it possible to see on figure 62, the top plate started to unstick. This shows that the area available to 

apply the adhesive material without the reinforcements is not enough to handle this kind of forces. 

 

 

 

Figure 62- Adhesive connection subsystem with only four reinforcements. 
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To solve this problem, two reinforcements were added on the center of the structure. Table 23 presents 

the mesh properties concerning this analysis. 

 

Table 23- Casing subsystem mesh properties. 

Number of elements 11129 

Number of nodes 21600 

Degrees of freedom 3 

Type of elements C3D8R 

Nonlinear geometry  Yes 

 

 

Analyzing the results, as shown in figure 63, the maximum deformation value was around 22mm in the 

Y direction which can be considered a large deformation to obtain, but two things must be considered 

when evaluating this result. The first one is that according to the regulations presented on the literary 

review, any deformation is allowed unless the overall system is compromised, which it is not the case, 

and the second is that the final component will also be connected to another rear wall which will most 

likely decreased the overall deformation of this system, like it was shown on the study of the handling 

plate deformation previously made. Considering the lateral panels, it was possible to see that they had 

a deformation around 1mm. Just as comparison, executing the same simulation, but applying the 

operations load value of 245N (maximum weight capacity of the container x9.8) the total deformation 

would be around 4mm. 

 

 

 

Figure 63- Deformation on the Y direction on the adhesive connection subsystem. 



61 
 

 

Analyzing now the deformation on the Z direction is possible to see that the lateral walls start to bend 

inwards reaching a total deformation of 5mm (figure 64). 

 

 

Figure 64- Deformation on the Z direction on the adhesive connection subsystem. 

 

To analyze the stress distribution the handler was once again removed from the visualization module, 

because of the same reasons explained on the previously case. The first important aspect to mention is 

that the maximum and minimum stresses were located on the central aluminum reinforcement for the 

three directions (figure 65,66,67), which indicates that this reinforcement are working like intended to. 

 

• The x direction 

 

 

 

Figure 65- Stress distribution on the X direction of the reinforcement 
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• The Y direction 

 

 

Figure 66- Stress distribution on the Y direction of the reinforcement. 

 

• The Z direction 

 

 

 

Figure 67- Stress distribution on the Z direction of the reinforcement. 

 

Considering now only the composite plates on the three main directions: 

• The X direction  

 

 

Figure 68-Stress distribution on the X direction of the adhesive connection subsystem. 
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The maximum stress of 12MPa is located on the top plate next to the adhesive glue joint (figure 68). 

This indicates that the adhesive areas are very sensible zones and like previously demonstrated without 

the reinforcements, all the structure would probably fail.   

 

 

• The Y direction 

 

 

Figure 69- Stress distribution on the Y direction of the adhesive connection subsystem. 

 

The maximum stress of 22MPa is located on the lateral composite wall (figure 69). This value is the 

result of the inward bending behavior happening in that location. 

 

    

• The Z direction  

 

 

 

Figure 70- Stress distribution on the Z direction of the adhesive connection subsystem. 
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The maximum stress of 64MPa it is located on the top skin next to the hole (figure 70). As mention 

before, this value might be lower on the real case since the deformation achieved when the back wall is 

added to the system would most likely decrease. 

As a summary, table 24 presents the maximum stress and deformation on the three directions obtained 

for this subsystem for the composite material. 

 

Table 24-Casing subsystem summary stress and deformation values. 

Property σ𝑥 [MPa] σ𝑦 [MPa] σ𝑧 [MPa] 𝑈𝑥 [mm] 𝑈𝑦 [mm] 𝑈𝑧 [mm] 

Value 12 22 64 0 22 5 

 

 

To finalize the analysis of this subsystem, looking carefully to the area around the aluminum 

reinforcement, it is possible to see that some of the top plate started to unstick (figure 71).  

 

 

Figure 71- Lateral reinforcement unpeel phenomenon. 

 

 

However, all the structure remained connected and with the smaller deformation expected on the real 

case, this area would probably be smaller. This movement is probably being caused by the aluminum 

reinforcement on the inside. It is also important to mention that all the simulation performed were 

designed to see if the material was able to stand the loads presented on the regulation. In the everyday 

operation the applied forces will be lower, and the performance better. 
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5.3.5 Summary results of the galley container subsystem 
 

 

Simultaneous to this process, all the composite components were created with the same dimensions 

(6mm as thickness), but with aluminum alloy 6061 as main component and submitted to the same tests 

(results are displayed in the Appendixes). This will work as benchmark, to compare the results of the 

new concept galley container to the traditional aluminum one. Table 25 presents a summary of the 

results obtained for all the analysis performed on both containers.   

Table 25- Galley subsystem overview. 

Subsystem Type σ𝑀𝑖𝑠𝑠𝑒𝑠[MPa] U [mm] Commentaries 

 

 

 

 

Concept 

container 

2 0.4 
The area subjected to the maximum 

stress is located on the skin of the 

composite directly on top of the tray 

support. In this subsystem the 

behavior of the two containers is 

similar as it is possible to see on the 

deformation values. 

 

Aluminum 

container 

 

0.78 0.4 

 

Difference 

 

+1.22 0 

 

 

 

 

 

Concept 

container 

 

19.4 3.3 In this system, the maximum stress 

is located on the bigger plate next to 

the central hole for both containers. 

Additionally, it is possible to see that 

the aluminum container when 

subjected to the same force, will 

deform less than the conceptual 

one. 

 

Aluminum 

container 

 

12.3 1.83 

 

Difference 

 

7.1 1.47 

 

Concept 

container 
130 12.4 The maximum stress achieved in all 

the subsystems simulations is 

located in this component, around 

the door knob hole.   Comparing the 

two container it is possible to see 

that applying the same force leads 

to a higher deformation on the 

conceptual container. 

Aluminum 

container 
95.3 3.4 

Difference 34.7 9 
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Concept 

container 

 

 

65.2 

 

22 

In this system, the critical areas are 

located around the central hole and 

the lateral adhesive connections 

where it was necessary to add 

some aluminum reinforcements. 

The aluminum container also has 

these reinforcements to maintain 

his integrity. Additionally, it is 

possible to conclude that when the 

assembly complexity is higher the 

aluminum container has a better 

performance when compared to the 

conceptual one. However, if instead 

of the loads present on the 

requirements, it is used the 

operation load of 245N the 

deformation difference decreases to 

3mm. 

 

Aluminum 

container 

 

26.9 8 

 

Difference 

 

38.3 14 
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6-Conclusion 
 

The main objective of this master thesis was to evaluate if it is possible to develop a galley container 

using sandwich composite with agglomerated cork as the core material.  

To achieve this goal, on an early stage of this dissertation, a complete review of this market sector was 

made, and the main requirements presented. From the multiple standards available, the Atlas one was 

selected since it is the most used across the world, with a market share around 80%. Additionally, and 

consulting the international requirements Str-19 responsible to regulate this component, it was possible 

to see the minimum design and qualification requirements to achieve the certification. In this thesis only 

the abuse loads section, that states that galley components shall be capable of withstanding abuse 

loads of 1360N, and the retaining devices segment, were taken under consideration.  

With this information and based on a technical drawing provided by a manufacturer, a 3D model of an 

Atlas galley container was constructed. Since, the new concept was made with sandwich composite 

instead of aluminum alloy, changes had to be made in terms of sizing. At the end, the final model has 

the correct external dimensions and it can carry 2 standardized trays inside. This concept is 840g lighter 

than the aluminum container.  

Having developed the model, it was necessary to test it in order to prove the concept. The first step to 

achieve this goal was to determine experimentally the bending behavior of this composite material when 

subjected to a four-point bending test. This experiment was completed with two different agglomerated 

corks thickness and later compared with the same numerical procedure. One of the main conclusions 

drawn from this study, was that on the numerical analysis it was necessary in average 15% less force 

to break the composite when compared to the experimental procedure, but the total deformation was 

40% higher. This aspect is due to the increased rigidity conferred to the agglomerated cork by the 

absorbed resin. To further test the computational model, a tensile test in the three main directions was 

performed and the Young modulus obtained for the skin elements were the same as the experimental 

values for the skins with an error of 0.5%. To finalize, the study of the computational methodology 

implemented, a comparison between the different ways to simulate the CZM (with cohesive elements 

or through the interaction module) on Abaqus was performed. Analyzing the results, it is possible to 

conclude that in terms of the normal directions it is necessary 10% more force with cohesive elements 

than with the interaction module methodology to start the degradation of the adhesive element. 

However, on the shear directions the reverse happens being necessary 20% more force with the 

interaction module to start the degradation. 

To conclude this master thesis, different subsystems of the galley container were analyzed, and the 

significant stress distribution and total deformation displayed. Additionally, a galley made of aluminum 

was constructed to serve as base for comparison. Starting on the tray support subsystem, it is possible 

to see that the total deformation for both containers is equal to 0.4mm, which leads to the conclusion 

that regarding this subsystem the conceptual galley is as good as the traditional one. 
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Concerning the handling plate subsystem, that recreates the carrying motion during operation, the 

performance of the conceptual galley is worse than the aluminum, because applying the same load of 

1360N lead to a 1.47mm higher total deformation.  

It was also studied the structural performance of the container door. Because of the proximity of the two 

holes present in this component and the small area of interaction between the door knob and the 

composite, the stresses attained in this subsystem are higher when compared to the other ones. So, 

consulting the results obtained, it is possible to conclude that the maximum stress achieved during all 

the numerical simulations, around 130 MPa, was found in this subsystem, making this component the 

most likely to fail. 

To finalize, it was studied the casing subsystem. Several conclusions were withdrawn from this analysis. 

The first one, was that without aluminum reinforcements, all system would collapse. It was necessary 

to add six of them to ensure the structure was able to maintain its integrity. The second one was that 

the maximum stresses were located on the reinforcements, which means that this component is working 

as intended, carrying some of the stresses and increasing the area of adhesion. The third one was that 

the aluminum container has a better performance achieving a total deformation of 8mm compared to 

the 22mm of the conceptual. However, these values were obtained when subjecting the container to the 

loads presented on the Str-19. Using the expected operation loads the total deformation would decrease 

to 1.8mm and 4.8mm respectively.  

Therefore, and to synthetize the conclusions of this work it is displayed in the form of topics the main 

achievements reached. 

• Intensive research on the topic of airplane galleys and galley containers specifically. 

• Concept development of the new galley container. 

• Mechanical bending study of different thickness agglomerated cork composites. 

• Further validation of the model initially developed by Nuno Soares in his master thesis with 

the addition of the four-point bending test. 

• Successful simulations of the multiple subsystems of the galley container. 

 

 

6.1-Future Developments  

 

After all the developed work, a few key aspects should be considered on future works in order to 

successfully construct a complete galley container using cork-based composite. 

• The manufacture process of the composite material itself should be improved or changed if 

possible. The current hand layup technique is a good approach, but the result may vary 

depending on the experience of the operator. Consistency is a key factor on the industrial world. 

Changing to an RTM machine would achieve more accurate products at a higher speed. 

• Taking in consideration other aspects of the Jar regulations. In this thesis only, the structural 

aspects and some safety concerns were evaluated, but to certify a product all the criteria must 



69 
 

be fulfilled. As an example, the NL20 agglomerated cork is not fireproof, so it might be 

necessary to change the composite core to another one like the NL11 FR [39]. 

• Manufacture the big lateral wall panel, subject it to an experimental test using the VIC 

technology and compare it with the solution provided by Abaqus. This would increase the 

degree of confidence in the overall numerical simulation. 

• The adhesive connections study can be improved. It could be of great help to analyze the 

behavior of other alternative glues and bring the experimental procedure that lacked in this 

work to this study in order to achieve a more reliable solution.  

• Replacing the door mechanism to another one available on the market. This would probably 

decrease the stresses achieved on the door of the container. 

• Finally, the construction of one complete prototype and perform all the required tests to ensure 

it can be certified. 

 

 

 

 

 

 



70 
 

 



71 
 

7-References  
 

[1] Lucas, A.; "Ancient Egyptian materials and industries about 1350 B.C."; Summer Meeting, North of 

England Section vol.58 (1933): 654-664. 

[2] http://www.boeing.com/commercial/aeromagazine/articles/qtr_4_06/article_04_2.html, accessed in 

27-March-2018 

[3] www.aimaltitude.com/products/galleys-and-stowages/narrow/, accessed in10-Out-2017. 

[4] http://aviationweek.com/business-aviation/whats-cooking-galley-possibilities8-, accessed in                   

15-September-2017 

[5] Str-19 - Electrically Operated Galley Equipment 

[6] https://www.worldtravelcateringexpo.com/RXUK/RXUK_AIX/documents/Thomas%20Lee%2 

0Presentation.pdf?v=635023235775872515, accessed in 25-September-2017 

[7] http://www.airbus.com/newsroom/press-releases/en/2008/04/airbus-initiates-a-potential-new-

industry-standard-for-galleys.html, accessed in 15-March-2018 

[8] http://www.core77.com/firms/FormationDesignGroup/Airbus-SPICE-Galley-Innovation, accessed in 

15-March-2018 

[9]https://comum.rcaap.pt/bitstream/10400.26/9778/1/Relat%C3%B3rio%20Divulga%C3%A7%C3%A

3o%20Ampla%20DESAIR.PDF, accessed in 10-Out-2017  

[10] http://www.bluehorizen.net/product_index.php?pid=20804&$products=aluminum%20container, 

accessed in 2-October-2017 

[11] http://www.aeroexpo.online/prod/zodiac-aerospace/product-169069-7967.html, accessed in 

 2-October-2017 

[12] http://www.egret.aero/en/flipbook , accessed in 28-March-2018] 

[13] “Available: http://www.factechnology.com/ , accessed in 20-Dez-2017]  

[14] http://www.admatis.com/eng/competencies_material_science_sandwich.html, accessed in 20-Dez-

2017 

[15] Petras, A. (1998). Design of Sandwich Structures. Proceedings of the Estonian Academy of 

Sciences, 4–8. 

 [16] Broughton, W. R., Crocker, L. E. e Gower, M. R. L., Design Requirements for Bonded and Bolted 

Composite Structures, NPL Report MATC(A)65, 2002. 

 



72 
 

[17] KLEINBERG, M.; HERBECK, L. e SCHÖPPINGER, C.; Advanced Liquid Resin Infusion: A 

New Perspective for Space Structures. DLR German Aerospace Center; INVENT GmbH 

[18] Silva, S. P.; Sabino, M. A.; Fernandes, E. M.; Correlo, V. M.; Boesel, L. F.; Reis, R. L.; "Cork: 

properties, capabilities and applications"; International Materials Reviews vol.50 no.6 (2005): 345-365. 

[19] L. Gil, Cortiça: Produção, Tecnologia e Aplicação (Cork: Production, Technology and 

Applications), Ed. I.N.E.T.I., Lisboa, 1998.  

[20] Rosa, M. E. e Fortes, M. A. J. Mater. Sci., 26, pp. 341-348, 1991 

[21] Pereira, H.; Cork: Biology, Production and Uses; Lisbon: Elsevier Science, 2007. 

[22] L. Gil Cork composites: a review, Materials, 2 (2009), vol.2, pp. 776-789 

[23] https://www.freemansupply.com/datasheets/adhesivesguide.pdf , accessed in 2-Fev-2018 

[24]www.sharcnet.ca/Software/Abaqus/6.14.2/v6.14/books/usb/default.htm?startat 

=pt06ch32s05alm45.html , accessed in 15-Fev-2018 

[25] www.worldtravelcateringexpo.com/__novadocuments/227895?v=635942547661030000, 

accessed in 10-Dez-2017 

[26] Amorim Cork Composites; Technical Data Core Cork; 2009  

[27] Nuno Soares, “Mechanical behavior characterization of planar and non-planar sandwich 

composite panels with agglomerated cork core Experimental and Numerical Study”, Master thesis 

Instituto Superior Técnico, Universidade de Lisboa, 2017. 

[28] http://www.resinascastro.es/, accessed in 24-Nov-2017 

[29] http://www.resoltech.com/, accessed in 24-Nov-2017 

[30]ASM International Handbook, V. 2. (1990). Properties and selection: Nonferrous alloys and 

special-purpose materials. ASM Metals Handbook, 2, 1300. 

 [31] http://nagaseamerica.com/product/denatite-epoxy-resin-series/ , accessed in 7-Fev-2018 

[32] Joana Filipa Dias Varajão, “IMPACT OF CFRP ADHESIVE JOINTS FOR THE AUTOMOTIVE 

INDUSTRY”, Master thesis, Faculdade de Engenharia do Porto, 2015. 

[33] Tânia Alexandra Ferreira Rodrigues, “Determination of the fracture envelope of an adhesive joint 

as a function moisture”, Master thesis, Faculdade de Engenharia do Porto, 2015. 

[34] http://www.isojet.com/pdf/fiche-technique-piston-2017-v2.pdf accessed in 3-Apr-2018 

[35] ASTM C393-00, “Standard test method for flexural properties of sandwich constructions”, 

American Society for Testing and Materials, 2000. 

[36] https://www.artisantg.com/info/ATG0uzwe.pdf ,accessed in3-Apr-2018 



73 
 

[37] http://imechanica.org/files/1-4%20CAE%20Example.pdf , accessed in  25-Oct-2017 

[38] http://web.mit.edu/calculix_v2.7/CalculiX/ccx_2.7/doc/ccx/node27.html , accessed in  

24-Apr-2018 

[39]  https://amorimcorkcomposites.com/media/2431/nl11-mds.pdf accessed in 09-Apr-2018 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



74 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



75 
 

8-Appendixes  
 

8.1- Concept galley container complements 
 

In this appendix a few additional images concerning the concept models are displayed. 

 

 

• Lateral wall  

 

 
 

 

• Back wall  
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• Bottom wall  

 

 
• Top  

 

 
 

• Glued plate on top  
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• Door  

 

 
 

 

• Lock mechanism  

 

 

 

 

 

• Handle 
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8.2- Numerical simulations 
 

In this appendix, figures regarding the numerical simulations are presented. This helps to demonstrate 

the boundary conditions associated with each simulation and additionally it will present the solutions of 

the container made of aluminum.   

8.2.1 Bending test configuration 
 

 

 

 

8.2.2 Lateral wall test configuration 
 

 

 

8.2.3 Tray support subsystem 
 

Figure displaying the boundaries conditions of this subsystem. 

 

 



79 
 

 

Figures displaying the stresses of this subsystem of the aluminum container.  

 

  

 

 

 

8.2.4- Handling plate subsystem 
 

Figure displaying the boundaries conditions of this subsystem. 

 

  

                                     Top part                                                             Bottom part 

 

Figure representing the stress of the bigger plate of this subsystem for the aluminum container.  

 



80 
 

 

Figure representing the stress of the smaller plate of this subsystem the aluminum container.  

 

 

 

8.2.5 Galley container door 
 

Figure displaying the boundaries conditions of this subsystem  

 

 

 

Stress on the X direction 
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Stress on the Y direction 

 

 

Stress on the Z direction 

 

 

 

8.2.6 Casing subsystem 
 

Figure displaying the boundaries conditions of this subsystem. 
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Total deformation on the Y and Z direciton 

 

  

 

Stress on the X direction 

 

 

 

Stress on the Y direction 
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Stress on the Z direction 

 

 

 

8.3- Master thesis calendar  
 

Institutions Objective Date 

IST 
Overall planning of the master thesis. 
Objectives and structure discussed and 
preliminary working schedule 

02/2017 

IST/ Alma design 
Information regarding the Galley sector 
provided by Rui Marcelino. 

03/2017 

IST/ Amorim cork 
composites 

Project presentation to Amorim Cork 
composites 

05/2017 

Tap Negociação e 
compras 

Information regarding the Galley sector 
provided by Tap. Failed attempt to acquire 
a galley container used by TAP. 

08/2017 

IST Concept development. 08/2017-10/2017 

IST 
Concept testing using a finite elements 
software 

10/2017-05/2018 

IST Experimental procedure 05/2018 

IST Presentation 06/2018 

 


