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Abstract: Galleys are internal components of airplanes used to store goods and 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 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 the international 

requirements. 

Keywords: Airplane galley, concept, cork agglomerates, sandwich composites, finite elements analysis, 

bending test. 

 

1-Introduction 
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 this kind of 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 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 
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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 trying 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. 

 

2.-Background 

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. These kinds of structure 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- Airplane galley [3]. 

 

2.2- 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 [4]. 

This document was written under the 

specifications of the Joint Aviation Regulations 

(Jar) 21 and Jar 25 made by the Joint aviation 

authority. 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. 

 

2.3-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 
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main standards, the airplane companies who are 

the main users and the current status around the 

world. 

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 

 

Table 1- Standards operating on the galley sector [5]. 

2.4-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 [6] and his price goes from 50€ to 

70€ depending on the size order of the operator. 

Figure 2 shows a typical galley container.  

 

Figure 2- Commercial airplane galley container [7]. 

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 3 retrieved from a 

manufacturer technical brochure demonstrates 

these dimensions differences and show the 

empty weight of the container in Kg [8]. 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 3- Manufacture brochure [8]. 

 

3-Galley container concept 

development 

3.1-Concept Galley components  
Based on the information about galleys 

presented on the background, 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. The 

first iteration model was a replica of the 

traditional technical drawing. It had the same 

dimensions and parts as the original one. 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 
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correct number of composite panels and it was 

the first model used as a template to Abaqus 

analysis. After some numerical simulations 

performed, that will be described in chapter 5, it 

was necessary to add some aluminum 

reinforcements on the areas of adhesion. So, the 

final model has the correct dimensions and 

includes these reinforcements. To ensure that 

the final model was well constructed two 

standardized trays were made in solid works 

from information provided by a manufacturer 

[9] and inserted on the container. No problems 

were found since the inner dimensions were 

sufficient to accommodate these components. 

Figure 4 show the final 3D model galley 

concept constructed with the two trays inside. 

 

 

Figure 4- 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 

1200kg/𝑚3 (table 3) it was possible to 

determine the total weight thanks to the mass 

properties menu. The concept container without 

the trays has a total weight of 1.86Kg which is 

840g lighter than the aluminum alloy one. 

3.2-Galley concept materials  
The idea of this work 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 

presented the properties (figure 5, table 2,3 and 

4) required to introduce in the finite elements 

software for all the materials used to develop the 

new concept.  

 

• Core- Nl20 cork agglomerate 

 

 

Figure 5- Stress/strain curves obtained for the cork 

agglomerate (analytical curve) [10] 

• Skins- Fiber glass/epoxy resin 

 

Property Value 

𝐸1[𝑀𝑃𝑎] 9852 

𝐸2[𝑀𝑃𝑎] 9042 

𝐸3[𝑀𝑃𝑎] 3460 

𝜈12 0.192 

𝜈13 0.3 

𝜈23 0.3 

𝐺12[𝑀𝑃𝑎] 1878 

𝐺13[𝑀𝑃𝑎] 1331 

𝐺23[𝑀𝑃𝑎] 1331 
 

Table 2-  Main properties of the resulting combination of 

the fibers with the resin [10]. 

• Aluminum alloy 6061 

 

E[M𝑃𝑎] 𝜈 Density[Kg/m3] 

68900 0.33 2700 

 

Table 3- Aluminum Alloy 6061 properties [11]. 

• Epoxy resin XNR6852 

 

𝐸[𝑀𝑃𝑎] 1742 

G[𝑀𝑃𝑎] 640 

𝜎𝑛[𝑀𝑃𝑎] 42.9 

𝜎𝑠[𝑀𝑃𝑎] 28.7 

𝐺𝐼𝐶𝑛[N/mm] 1.7 

𝐺𝐼𝐶𝑠[N/mm] 18 
 

Table 4- Xnr 6852 properties [12] 
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4-Experimental procedure 
To characterize the composite, it is important to 

determine the bending behavior of this material 

when subjected to a four-point bending test. 

Additionally, this will work as an experimental 

benchmark that later in chapter 5 will be 

compared to the numerical methodology 

implemented. 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. 

 

4.1-Experimental procedure with 

5mm agglomerated cork thickness. 
A total of six specimens were tested, since this 

is the number required according to the ASTM 

standard, and the results compiled. The 

specimen dimensions used were 170mm as 

length x 50mm as width x 6mm as thickness. 

Figure 6 displays, the applied force/ piston 

movement graph of the 4-point bending test 

with 5mm agglomerated cork.  

 

 
 

Figure 6- Graph applied force/ piston movement result of 

the four-point bending test. 

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 7 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 7- 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. 

5-Finite elements simulation 
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. 

 

5.1-Bending test. 
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. A 

schematic of the analysis is represented on 

figure 8. 

 

 
Figure 8- Four-point bending configuration on Abaqus 

A convergence analysis was performed 

changing the mesh size dimensions used and the 

results present on figure 9 shows that when the 

mesh size decreases the force necessary to 

achieve the same movement decreases. 
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Figure 9- Mesh size study 

 

This fact can be explained by the wrinkling 

phenomenon presented on figure 10 that doesn’t 

exist on the experimental specimen. 

 

 

Figure 10- 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. 

It is possible now, to compare the results of the 

experimental work with and the numerical one 

(figure 11) using a mesh size of 20mm.  

 

Figure 11- Comparation between the experimental and 

numerical four-point bending test. 

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%.  

 

5.2-Galley container subsystems 

5.2.1-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. 

Figure 12 represent the stresses in the X 

direction on the side that has the tray. 
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Figure 12- Stress distribution on the x direction of the tray 

subsystem. 

Since the values obtained for the other two 

directions were lower when compared to the x 

direction, table 5 condenses the results obtained 

during this simulation. The stresses are 

displayed in MPa and the deformations in mm 

 

Property σ𝑥  σ𝑦  σ𝑧  𝑈𝑥  𝑈𝑦  𝑈𝑧  

Value 2.1 0.35 0 0 0 0 

Table 5- Tray support subsystem stress and deformation 

values. 

5.2.2-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. 

The maximum stress was achieved in the X 

Direction for both plates, so figure 13 shows 

field of stress on the bigger plate. 

 

 

Figure 13- Stress distribution of the top plate of the 

handling plate subsystem. 

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. The remaining directions stresses 

and deformation values for both plates are 

condensed on table 6. The stresses are displayed 

in MPa and the deformations in mm. 

 

Property σ𝑥 σ𝑦 σ𝑧 𝑈𝑥 𝑈𝑦 𝑈𝑧 

Bigger 

plate 
3.8 0 3.9 0 2.4 0 

Smaller 

plate 
1.36 1 2 0 3 0 

 

Table 6- Handling subsystem stress and deformation 

values. 

5.2.3-Galley container door 

subsystem 
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. Analyzing figures 14, 

which presents the stress distribution on the Z 

direction, it is possible to conclude that the 

maximum stress is 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.  

 

Figure 14- Door subsystem stress distribution on the z 

direction 

Table 7 condenses the information and presents 

the results for every direction. The stresses are 

displayed in MPa and the deformations in mm. 
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Property σ𝑥 σ𝑦 σ𝑧 𝑈𝑥 𝑈𝑦 𝑈𝑧 

Bigger 

plate 
9.35 58 130 12.4 0 0 

 

Table 7- Stress distribution and deformation of the 

container door subsystem 

5.2.4-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 15, 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 15-- Adhesive connection subsystem with only 

four reinforcements. 

To solve this problem, two reinforcements were 

added on the center of the structure. Analyzing 

the results as shown in figure 16, the maximum 

value was around 22mm in the Y direction, 

which can be considered a large deformation to 

get, 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. 

 

Figure 16- Deformation on the Y direction on the adhesive 

connection subsystem. 

Table 8 condenses the information and presents 

the results for every direction. The stresses are 

displayed in MPa and the deformations in mm. 

 

Property σ𝑥  σ𝑦  σ𝑧  𝑈𝑥  𝑈𝑦  𝑈𝑧  

Value 12 22 64 0 22 5 

Table 8- Stress distribution of the container door 

subsystem 

5.2.5-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. 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.  

 

Subsystem Type σ𝑀𝑖𝑠𝑠𝑒𝑠 

[MPa] 

U 

[mm] 

 

 

 

 

Concept 

container 

2 0.4 

 

Aluminum 

container 

 

0.78 0.4 

 

Difference 

 

+1.22 0 
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Concept 

container 

 

19.4 3.3 

 

Aluminum 

container 

 

12.3 1.83 

 

Difference 

 

7.1 1.47 

 

Concept 

container 
130 12.4 

Aluminum 

container 
95.3 3.4 

Difference 34.7 9 

 

 

 

Concept 

container 

 

 

65.2 

 

22 

 

Aluminum 

container 

 

26.9 8 

Difference 38.3 14 

 

Table 9- Galley subsystem overview 

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 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 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. 

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 
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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. To summarize the concept 

container is lighter than the aluminum one and 

it is able to withstand the required loads. 

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. Homogeneity is a key factor 

on the industrial world. Changing to an 

RTM machine would achieve more 

accurate products at a higher speed. 

• 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. 
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