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Abstract 

 

In order to reduce the costs of aircraft, the weight of the fuselage has to be reduced. This 

master thesis, collaboration between the Royal Institute of Technology and Airbus Group, aims 

to optimize a new aircraft fuselage under development.   

This new fuselage design, called FISST, consists of a sandwich panel to stiffen the structure 

instead of the stringers used in baseline fuselage. Apart from the goal of reducing the weight, 

the new design also has advantages during maintenance and repairing. 

During this project the FISST-concept has been optimized, by modeling using the Finite 

Element Method, in order to fulfill given requirements. The design has been evaluated for 

buckling, strains and displacements. Furthermore modeling methods have been validated in 

order to ensure that the results are accurate enough. 

This report shows that the FISST-concept fulfills the given requirements better than the 

baseline.  
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Sammanfattning 

 

Genom att minska vikten av ett flygplan kan kostnaden minskas drastiskt. Detta masterarbete, 

ett sammarbete mellan Kungliga Tekniska Högskolan och Airbus Group, har som mål att 

optimera en ny flygplanskropp som är under utveckling.  

Den nya utformningen, kallad FISST, har istället för de stringers som används i konventionellt 

utförande av ett flygplan, en sandwichpanel för att öka styvheten i strukturen. Förutom att 

minska vikten har även den nya lösningen fördelar när det gäller tillverkning och reparation av 

panelen. 

Under arbetets gång har FISST-konceptet optimerats med hjälp av modellering med Finita 

Element Metoden för att klara av de krav som ställts. Designen har utvärderats för buckling, 

töjning och utböjning. Även själva modelleringen har testats för att säkerställa att resultaten 

modellen ger är tillräckligt korrekta. 

Denna rapport visar att FISST-konceptet uppfyller de givna kraven bättre än grunddesignen.  
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Nomenclature  

 

FISST – Fully Integrated Shell Structure 

CAD – Computer-Aided Design 

FE – Finite Element 

BC – Boundary Condition 

  



 

2 
 

1 Introduction 

 

By decreasing the weight and thus the fuel consumption of an aircraft the costs can be 

reduced vastly. Airbus Group Innovations in cooperation with Airbus Hamburg is developing a 

new fuselage concept without stringers; called Fully Integrated Shell Structure (FISST). The aim 

of this master thesis is to optimize the design on weight and make the structure fulfill the given 

requirements.  

1.1 Background 
The FISST-design consists of the same fuselage skin and frames as the baseline design, see 

Figure 1, which uses stringers to stiffen the structure.  

 

Figure 1 Baseline design. 
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Instead of stringers the FISST-concept consists of a sandwich panel made of carbon fiber and 

foam. The sandwich panel is connected to the fuselage skin with pins and bushings, see Figure 

2. 

 

Figure 2. The FISST-concept1. 

The aim of the new design is to reduce weight and costs. An advantage of the concept is that 

the FISST-panel is easy to remove and replace if broken. This is more complicated for the 

baseline since a disbanded stringer has to be cut out from the skin and then a new stringer has 

to be perfectly fitted and attached to the skin. The FISST-panel can simply be unbolted from 

the skin and be replaced by a new one.  

1.2 Components in the FISST-concept 
The FISST-concept consists of the same skin and frames as the baseline but also contains 

several components that the baseline lacks. These components are introduced and explained 

more thoroughly below in order to make further chapters more understandable for the reader.  

A demonstrator, consisting of all of these components, has been built and can be seen in 

Figure 3.  

 

                                                             
1 Picture borrowed from internal presentation from Airbus Group Innovations. 
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Figure 3 Inside and outside of the demonstrator made for the FISST project. 

 

1.2.1 FISST-panel 

The FISST-panel is a sandwich panel with carbon fiber laminates on each side of a core of low 

density foam. The FISST-panel has the same curvatures as the baseline skin, one curvature at 

the upper part of the panel and a slightly different curvature in the lower part. Throughout the 

whole panel, there are drilled holes for insertion of the bushings. 

1.2.2 Bushings 

In each hole in the FISST-panel a bushing is inserted. The bushings, made out of carbon fiber, 

have been optimized earlier in the FISST-project [1] and are at this point in the project 

manufactured with vacuum infusion. The bushings are adhesively bonded into the holes in 

FISST-panel. Figure 4 shows a CATIA-model of a bushing.  
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Figure 4 CATIA model of the carbon bushing. 

1.2.3 Standoffs 

In order to connect the skin to the FISST-panel, standoffs2 are adhesively bonded to the skin. 

These standoffs consist of a pin connected to a circular carbon fiber plate. These standoffs 

have not yet been optimized for this project and therefore a standard one is used for the 

demonstrator. Figure 5 shows a CATIA-model of the standoff used in the FISST-project. 

 

Figure 5 CATIA-model of the standoff used in the FISST-project. 

The bushings as well as the FISST-panel have been optimized previously in the project. 

However, the FISST-panel does not fulfill the set requirements and therefore needs to be 

optimized further. 

 

1.3 Requirements 
The FISST-concept has to meet certain given criteria, from Airbus Hamburg, regarding 

displacements, strains and buckling loads.  

                                                             
2 Standoffs are sometimes referred to as pins in previous work done in the FISST-project. 
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Apart from these given requirements, the FISST-panel has to be able to handle the loading it 

will be subjected to in such a way that no part of the panel is at risk of failing.  

Previous testing of the bushings showed that they were oversized, for the loads calculated 

then, and that the first failure occurred in the foam at a load of 1200 N, see Figure 6. These 

tests were done with weaker foam, HP313 than the foam used in this project, RIST 51 [2], 

hence failure in the bushings should not occur as long as the load is below the measured first 

failure value. This must be verified further on in the project.  

 

Figure 6 Previously testing of the bushing/panel. 4 

Displacement 

Maximum allowed deflection of the fuselage skin when subjected to an internal pressure of 

0.0586 MPa, is 2 or 3 mm depending on given aerodynamic requirements.  

Strain 

Given strain requirements are that the strain in the 11-, 22- and 12-directions should be 

between 0.0045 and -0.0033 when the fuselage skin is subjected to a double internal pressure 

of 0.1172 MPa. 

Buckling 

To fulfill the requirements from Airbus, the buckling loads in the skin have to be above 168 

N/m.  

                                                             
3
 From internal data sheet. 

4 Picture borrowed from internal presentation from Airbus Group Innovations. 
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2 Method  

 

Modeling of the concept was mostly done in the Computer-Aided Design (CAD) software 

CATIA; thereafter the modeled parts were implemented in Finite Element (FE) software for 

calculations. Some of the parts, like standoffs and stringers, were modeled directly in the FE-

software Marc Mentat; which was the program used for all FE-simulations. 

2.1 Modeling in CATIA 
A surface-model of the fuselage skin was provided from Airbus Hamburg, see Figure 7. The 

FISST-panel, the frames and the windows were modeled in “Generative Shape Design” in the 

CAD-software CATIA, see Figure 8. 

 

 

Figure 7 Surface model of the fuselage
5
 

For the meshing of the parts the “Advanced Meshing Tool” in CATIA was used. Each part of the 

concept was meshed, and implemented, in the FE-software separately. To simplify the 

modeling of the standoffs, in Marc Mentat, the CATIA model was meshed in such a way that 

the standoffs could be easily implemented in the FE-model. This was done by subdividing each 

model into parts, as illustrated in Figure 8, and thereafter meshing the divisions in the correct 

size to make sure that the position of each standoff had a node to be connected to, both in the 

FISST-panel and the fuselage skin. Also the frames and window had to be meshed in a way so 

that it would be easy to connect them to the skin in Marc Mentat. 

                                                             
5 Model provided by Airbus Hamburg. 
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Figure 8 Left: the CATIA-model subdivided into parts in order to make the meshing fit. Right: Zoom in on the 
upper left corner, showing the offset of the FISST-panel from the skin. 

Previous models had a standoff pattern, as shown in Figure 9, with a distance of 110 mm 

between each pin. In order to get the standoffs at the same position as in the previous models, 

the element size in the standoff area was 55 by 55 mm. 

 

Figure 9 Standoff pattern used for the first model. 
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2.2 Modeling in Marc Mentat 
After importing the CATIA meshes to the FE-software the different parts of the concept were 

given the appropriate material properties. The fuselage skin and the frame were both modeled 

as carbon fiber composites.  

The skin is a laminate of 1.625 mm thickness consisting of 13 layers with layup 

                                      .  

The frames have a thickness of 2.25 mm and consist of 18 layers with layup 

                                                     . Both the skin, the 

frames and the FISST-panel was modeled with quad elements. The pins in the standoffs were 

modeled as line elements between nodes in the FISST-panel and the fuselage skin, see Figure 

10.  

 

 

Figure 10 Pins modeled as line elements to connect the FISST-panel and the skin.

 

Moreover, the stringers were modeled in Marc Mentat as line elements at the upper and 

lower end of the skin, and were given a predefined beam section with same moment of inertia 

as standard stringers, see Figure 11.  
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Figure 11 The FE-model in Marc Mentat. 

 

2.2.1 Boundary conditions 

During the displacement, strain and pin load calculations the frames were fixed at their upper 

and lower edges. This was done both in displacement and rotation, in all three directions as 

Boundary Conditions (BC). An internal pressure was applied on the fuselage skin and the 

windows. 

For the buckling analysis the frames were fixed at the edges, in the same way as for the other 

calculations. A force in x-direction was applied on the two frames, in the middle, and two 

nodes on the skin were fixed in x-direction, see Figure 12. In Marc Mentat the force was 

applied on two nodes, each connected to one of the frames. These connections are shown as 

the red lines in Figure 12. 
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Figure 12 Applied BC's for the buckling analysis. Applied force F on the frames and two fixed nodes in the middle 
of the skin. 

 

2.3 Simulations in Marc Mentat 
During all simulations small strains were used as Nonlinear Procedure under Structural Analysis 

Option. This was used since Large Strain only is to be used where either the displacement 

and/or the strains will be large [3]. For this project, both displacement and strains were 

assumed to be small.  

When extracting the loads in the pins, each pin was subdivided into three parts, and in the 

middle element the beam axial load was evaluated. This subdivision had to be done in order to 

extract the right load. Only the loads at the end nodes of the pins could be extracted without 

the subdivision, and those nodes were too affected by the skin and FISST-panel to give 

accurate results. 

  



 

12 
 

2.4 Overview of the optimization process 
In Figure 13 an overview of the optimization process is illustrated. Showing the work flow, 

including all sidetracks, leading from the initial model (chapter 3) to the final model presented 

in chapter 5. 

 

 

Figure 13 Process map of the optimization process used in the thesis. 
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3 Results from the initial FE-model 

 

As a reference for the continued optimization, the first model was made according to the 

description in chapter 2.1 and 2.2. That is, with a standard internal pressure of 0.0586 MPa for 

the displacement calculation and, as a ultimate load case, a pressure of 0.1172 MPa for the 

strain and pin load calculations. This model was created as a starting point with the aim to be 

similar to the latest version of the project’s FISST-concept. It was done so that the 

improvements later on in this project could be easily evaluated and compared. 

3.1 Mechanical response 
Below the results from evaluating the first model on displacement, strain, buckling loads, and 

loads in the pins are presented 

3.1.1 Displacements 

First, the displacement of the fuselage skin ended up above the allowed limit of 2 mm. A 

maximum displacement of approximately 4.4 mm was reached, see Figure 14.  

 

Figure 14 Displacement in fuselage skin when adding an internal pressure of 0.0586 MPa. 



 

14 
 

3.1.2 Strains 

Some of the layers had strains exceeding both the inner and outer limits, Figure 15 shows the 

11-, 22- and 12- direction strain in layer 13 (last layer of the skin). Grey areas in the pictures 

are areas outside the given limits.  

The normal strains are within the given limits, whereas the shear strain is above its limits in 

many of the layers. Areas having too high strains are close to the window, or to the frames, 

both in the upper and lower part of the skin. These are the areas that have to be dealt with 

concerning the strain. 

 

Figure 15 Strain in 11- 22- and 12-direction in layer 13 of the first model. 
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3.1.3 Buckling 

At a load of about 89 N/mm the first buckling mode occurs, this can be seen in Figure 16. The 

buckling mode is connected to the window area. This area must be made stiffer in order to 

satisfy the buckling demand.  

 

Figure 16 The first buckling mode of first model. 
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3.1.4 Pin loads 

When applying a pressure of 0.1172 MPa to the skin, the loads in the pins come to be as 

shown in Figure 17. The pin loads range between 1200 and -3500 N, which, is quite high. 

However the compression loads are only affecting a few pins close to the edges while most of 

the pins are subjected to tensile loading. 

 

Figure 17 Load in the middle of the pins with the first model. 

 

3.2 Comparing the FISST-concept with other designs 
In order to evaluate the results of the FISST-concept it was interesting to know how the skin 

managed on its own, in order to see to which extent the FISST-panel affects the results. It was 

also interesting to see how the baseline design behaved when subjected to the same loads as 

the FISST-design. Following, is an investigation of how the FISST-panel and the skin behave; if 
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their displacement is similar or if it differs. A comparison between the FISST-concept, the 

baseline and the skin alone can be seen further down. 

3.2.1 Displacement in FISST-panel and skin 

Displacement in the skin, and in the FISST-panel, was compared in order to see that the FISST-

panel is following the skin displacement and, hence, working as it is supposed to. Figure 18 

shows the displacement in the fuselage skin and in the FISST-panel with a foam thickness of 30 

mm.  

 

Figure 18 Deflection in the skin (left) and in the FISST-panel (right) when using the FISST-design. 

 

In the following two graphs the difference in deflection between the skin and the FISST-panel 

is shown. Figure 19 shows the deflection along the height and Figure 20 shows deflection along 

the width, Figure 21 illustrates these paths.  

The linear parts in Figure 19 represent the holes for the windows and therefore no 

displacement occurs in that area of the skin.  
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Figure 19 Deflection along the height of the skin and the FISST-panel when using the FISST-design. 

 

Figure 20 shows the deformations in the skin and FISST-panel along the width of the model at 

the height of the panel were the deflection is at its maximum.  

 

Figure 20 Deflection along the width of the skin and the panel for the FISST-design. 

 

The graphs above show that the FISST-panel is behaving as it is planned to do; following the 

skins movements while stiffening the structure.  
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Figure 21 The x- (along width) and y- (along height) paths where the displacement was measured in the previous 
graphs. 
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3.2.2 Comparing FISST and Baseline 

Furthermore, the same FISST-concept was compared to a model, without the FISST panel and 

to the baseline. When modeling the baseline a distance of 220 mm between each stringer was 

used. The resulting displacements, for the three designs are shown in Figure 22 with only the 

skin to the left, the baseline in the middle and the FISST-concept to the right. 

 

Figure 22 Maximum deflection in the fuselage skin for the case with only skin and frames, with the baseline 
design and with the FISST-design. 

 

Furthermore, the following graphs show the difference in deflection when using different 

designs. 

Figure 23 shows the deflection in the y-direction, in the middle of the skin along the height. 

The linear parts are where the hole for the window is placed and do not contain any nodes.  
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Figure 23 Deflection throughout the length of the skin for the FISST-design, with only skin and frames and with 
the baseline-design. 

Figure 24 shows the deformation through the width at the position where the deformation is 

largest for the baseline design. 

 

Figure 24 Deflection throughout the width of the skin for the FISST-design, with only skin and frames and with the 
baseline-design. 

As shown in the figures and graphs above the stringer model has a displacement that is almost 

three times as big as the FISST-designs. The baseline design has almost the same size of the 

displacement in the upper part as in the lower part whilst the FISST-design has the largest 

problem in the lower part of the skin.  
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3.3 Modeling the pins  
In the current model the pins are modeled as line elements, each being connected between 

one node in the skin and one in the FISST-panel. This however is a simplification of how the 

real panel will be loaded. In the real panel, the loads subjected to the pins and bushing will be 

distributed over the whole bushing, and not to a single node. Therefore it was necessary to 

investigate whether this way of modeling the pins and bushings was detailed enough. If not, a 

more complex modeling of the bushings is required further on. 

To evaluate how much impact the modeling of the pins has and if the way the pins were 

modeled gave accurate enough results; two simple models were compared. The first model 

was a 2D-model where the load was implemented in a similar way as in the FISST-model. The 

second model was a 3D-model where the bushings were modeled and the load distributed 

around the bushing. Both models where evaluated with foam thicknesses of 20 mm and 40 

mm, this in order to see if the thickness of the foam made the results of the models more 

divergent. Both models had the same dimensions and mechanical properties.  

3.3.1 2D-model 

In the 2D-model a simple plate was fixed along its edges in both translational and rotational 

directions. The plate was then subjected to a point load of 100 N at the middle node; similar to 

the way the FISST-model pins were loaded, see Figure 25. 

 

Figure 25 2D-model of the plate with BCs and loads. 
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Figure 26 shows the deformation both from the side and from above the plate, when using the 

2D-model and a foam thickness of 40 mm. The deformation is scaled by a factor of 1000 in 

order for the displacement to be visible in the figure. 

 

Figure 26 Displacement with simple 2D-model and 40 mm foam thickness, shown from side (left) and above 
(right). 

Figure 27 shows the deformation from both the side and from above the plate when using the 

2D-model and a foam thickness of 20 mm. The deformation is scaled by a factor of 1000 in 

order for the displacement to be visible in the figure. 

 

 

Figure 27 Displacement with simple 2D-model and 20 mm foam thickness, shown from side (left) and above 
(right). 
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3.3.2 3D-model 

In the 3D-model the bushing of the FISST-panel was modeled and the same load, 100 N, was 

applied see Figure 28.  

 

Figure 28 3D-model of plate with BCs and load. 

In Figure 29 a cut out have been made in order to show the modeling of the bushing in the 3D-

model. 

 

Figure 29 Cross section of the plate, showing the modeling of the bushing. 
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Figure 30 shows the deformation from both the side and from above the plate when using the 

3D-model and a foam thickness of 40 mm. The deformation is scaled by a factor of 1000 in 

order for the displacement to be visible in the figure. 

 

Figure 30 Displacement with the more complex 3D-model and 40 mm foam thickness, shown from side (left) and 
above (right). 

Figure 31 shows the deformation from both the side and from above the plate when using the 

3D-model and a foam thickness of 20 mm. The deformation is scaled by a factor of 1000 in 

order for the displacement to be visible in the figure. 

 

Figure 31 Displacement with the more complex 3D-model and 20 mm foam thickness, shown from side (left) and 
above (right). 
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In Table 1 the displacement for each case is shown.  

Table 1 Displacement when using 2D and 3D models and different foam thickness. 

 2D 3D 

[0/90/40mm foam/90/0] -0.0302 mm -0.0455 mm 

[0/90/20mm foam/90/0] -0.0351 mm -0.0905 mm 

 

These results show that a more complex modeling of the bushings affects the results a lot. 

When changing from 2D to 3D with 20 mm foam thickness the displacement was doubled. 

However, changing to 3D-model at this stage would make further improvements in the model 

much more time consuming and complex. Therefore this modification has to be done when all 

other modifications have been done in order to make sure that the concept fulfills the 

requirements.  
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4 Optimization 

 

The FISST-concept had to be further improved to fulfill for the given requirements without 

adding too much weight to the panel. In this chapter the optimization process executed in this 

project is presented.  

4.1 Different foam thickness  
To estimate what influence the thickness of the foam has to the deformation of the skin, five 

different thicknesses were evaluated in Marc; 10, 20, 30, 40 and 50 mm. It was expected that 

thickening the foam would affect the displacement noticeably but that the effect at some 

point would start to stagnate. Figure 32, Figure 33 and Figure 34 shows the results. In 

 the maximum deflection for each case is listed. The linear parts in Figure 33 represent the hole 

for the window. 

 

Figure 32 Deflection in the fuselage skin when using FISST-panel with different foam thickness. 

 

Table 2 Displacement in fuselage skin when using different foam thicknesses. 

Foam thickness 
[mm] 

Displacement 
[mm] 

10 -6.51 

20 -5.21 

30 -4.41 

40 -3.88 

50 -3.56 
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Figure 33 Deflection along the height of the skin when using FISST-panels with different thickness of the foam. 

 

Figure 34 Deflection along the width of the skin when using FISST-panels with different foam thickness. 

 

 

These results show that the change in deflection reduces significantly until around 30 mm 

foam thickness. The deflection is still higher than the given limit from Airbus Hamburg, but has 

to be dealt with in some other way since the foam thickness would have to be unrealistically 

thick to fulfill these demands. Since the stagnation occurs at 30 mm foam thickness, this is the 

foam thickness that will be used in the optimization. 
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4.2 Denser skin 
Since the baseline did not meet the displacement requirements, how thick the skin had to 

become to handle the demands was investigated. This was then compared to the FISST-

concept with the same skin thicknesses. The skin thickness of course makes a big difference 

since every extra carbon fiber layer makes the whole structure stiffer. However, this 

modification is not an optimization of the FISST but rather the fuselage skin itself, and 

therefore only interesting to understand what impact the stringers and FISST-panel has 

compared to the impact of the skin. 

In Figure 35 the baseline with the original thickness (1.625 mm), double thickness (3.250 mm) 

and the required thickness (7.800 mm) to end up below the maximum displacement are 

shown. 

 

 

Figure 35 Displacement when using the baseline-design and changing the thickness of the skin from 1.625 to 
3.250 and to 7.800 mm.
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In Figure 36 the FISST-design with 1.625, 3.250 and 7.800 mm is shown. 

 

Figure 36 Displacement in the skin when using the FISST-design and changing the thickness of the skin from 1.625 
to 3.250 and to 7.800 mm. 

Deflection for the different designs and skin thicknesses is shown in Table 3 together with the 

deflection of the thickest skin when modeled without stringers or FISST-panel. 

Table 3 Displacement in the fuselage skin when using different designs and thicknesses of the skin. 

Deflection FISST Baseline Only skin 

Skin 1.625 mm 4.41 11.1  

Skin 3.25 mm 2.96 4.10  

Skin 7.80 mm 1.67 1.99 2.51 

 

In order to make the baseline stiff enough the skin has to become 4.8 times thicker. With this 

thickness the skin can almost manage the demands on its own. The FISST-concept also needs a 

big increase in skin thickness in order to fulfilll the displacement demands at present. 
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4.3 Thicker pins 
The thickness of the pins might have an effect on the displacement of the skin. However, the 

current model has titanium pins with diameter of 3 mm so their stiffness is expected to be 

large enough without increasing the thickness. Even so, this was to be investigated and 

confirmed or disproved by calculations. 

In order to see what affect the thickness of the pins had on the displacement, pins with 

different diameter were implemented in the model. Diameters of 3, 5 and 8 mm were 

compared. For result see Figure 37, Figure 38 and Figure 39. 

 

Figure 37 Deflection in skin with 3, 5 and 8 mm diameter pins. 
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Figure 38 Displacement in the skin, throughout the length of the panel, for different pin thicknesses. 

 

 

Figure 39 Displacement in the skin, throughout the width of the panel, for different pin thicknesses. 

 

The result shows that the thickness of the pins does not affect the displacement of the 

fuselage skin. Henceforth the thickness of 3 mm will be used in the modeling.  
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4.4 Change of pin pattern 
The model was updated with a new pin pattern since the first models pin pattern turned out to 

be a bit different than the old version of the FISST model. This difference in patterns can be 

seen in Figure 40. To the left in the picture is the pattern that has been used previously in this 

repor, while the right pattern is the one to be used further on, since it is more similar to the 

models used earlier in the FISST-project. 

 

Figure 40 The pin pattern used for the first model and the later pattern, which, is more similar to the previous 
model in this project. 

With this new pin pattern the displacement changed a bit while the buckling loads, strains and 

pin loads remained fairly unchanged. The displacement changed from 4.4 1mm to 5.32 mm, 

see Figure 41.  
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Figure 41 Displacement for the first model with changed pin pattern to make it more similar to the model used 
earlier in the project. 

4.5 Connecting FISST-panel and frames 
In order to lower the loads in the pins, a model with connected FISST-panel and frames was 

evaluated.  Figure 42 illustrates the connection. 

 

Figure 42 Sketch of the cross-section throughout the width of the concept, illustrating the connection between 
FISST-panel and frames. Red lines show the pins used for the connection. 
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This was done in order to see how much the FISST-panel could benefit from the stiffness of the 

frames, and thereby investigated if the displacement and the pin loads could be lowered. 

Figure 43 and Figure 44 show the results. 

 

Figure 43 Displacement of the skin with FISST-panel 
connected to the frames and a pressure of 0.0586 

MPa applied to the skin. 

 

Figure 44 Pin loads when frames and FISST-panel 
connected and a pressure of 0.1172 MPa applied to 

the skin. 

By using the stiffness of the frames in such a way the maximum displacement in the skin went 

from 5.32 mm to 4.56 mm. The pin loads ended up between -853 and 999 N, which were 

considerably lower than without the connection, see results above. This change however 

requires a new design of bushings and pins, since the ones used on the FISST-panel are too big 

to use for the FISST-frame connection. This model has a coarser mesh than the earlier ones, 

which, might affect the results some and therefore make the comparison somewhat less 

precise. 

4.5.1 Modeling the FISST-panel 

The FISST-panel is modeled in 2D which might affect the results since the FE-software cannot 

simulate effects through the thickness of the panel. To evaluate if, and how much, this affects 

the results a FISST-panel with 3D-elements was created and compared to the model with a 2D 

FISST-panel.  Figure 45 shows the deflection in the skin for both cases and Figure 46 shows the 

pin loads. 
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Figure 45 Displacement when modeling the FISST-panel in 2D (left) and 3D (right) 

 

Figure 46 Pin loads when modeling the FISST-panel in 2D (left) and 3D (right) 

This shows that the change in modeling does not affect the results considerably and therefore 

the less complex 2D model is used onwards. 
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4.5.2 Effect of failing pins 

Moreover, it was important to know how the remaining pins were affected, in case of a pin 

failure, and to make sure that such an incident does not make the whole design fail. The worst 

case scenario is that the closest pins take up the load that the failed pin were carrying before 

failing which would mean a big risk for a second pin failure and that a chain reaction will occur. 

Therefore the pin with the highest load was deactivated as shown to the right in Figure 47. 

 

Figure 47 All pins (left) and pin failure in the marked pin (right).  

The deactivated pin is the one in the middle on the right side of the window, marked with an 

arrow in Figure 47.  
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In Figure 48 the deactivated pin and the surrounding pins are illustrated and numbered in 

order to be able to evaluate the change in load, shown in Figure 4, before and after the 

deactivation of pin number four. 

 

 

Figure 48 Numbering of the pins which extracted values can be seen in the table below. 

 

Table 4 Loads in some of the pins marked in figure 48, before and after deactivating one of the pins. 

Pin Load before 
deactivation [N] 

Load after 
deactivation [N] 

1 440 446 
2 0  0  
3 0  0  
4 999 Deactivated 
5 505 721 
6 0  0  
7 681 699 

 

As visible in Table 4, the remaining pins are not affected a lot. This means that in case of a pin 

failure, the pins around the failing one will not take up the failed pins load, and there will be no 

risk of a chain reaction causing complete failure of the FISST-panel. The high load in the middle 

pin might be caused by the pin position. By moving some pins slightly, it might be possible to 

lower the maximum pin load somewhat. 
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4.5.3 Adapting foam thickness 

As the model now had a connection between the FISST-panel and the frames, it was 

interesting to see whether the foam thickness still had to be 30 mm. It was expected that this 

new stiffer panel might enable decreasing the foam thickness and thus reduce the weight. 

Figure 49 shows the deflection in the skin when changing the thickness of the foam from 10 

mm up to 40 mm.  

 

 

Figure 49 Displacement in the fuselage skin when changing the foam from 10 to 40 mm. 

In Table 5 the maximum deflection of the fuselage skin when using the different foam 

thicknesses is shown. 

Table 5 Deflection of the fuselage skin when using different foam thickness. 

Foam thickness 
[mm] 

Deflection 
[mm] 

10 5.23 

20 4.40 

30 4.56 

40 4.66 

 

These results show that it did not affect the deflection much to decrease the foam thickness, 

once the frames and the FISST-panel were connected. When going from 30 to 10 mm 

thickness, the displacement only goes up with around 15 % while the weight is reduced 



 

40 
 

significantly. The deflection limit from Airbus Hamburg is maximum 2 mm which cannot be 

reached by increasing the foam without having an unrealistically thick panel. Hence the 

displacement problem had to be taken care of in some other way. Therefore the panel with 

foam thickness of 10 mm was considered most suitable for further modeling.  

4.5.4 Strain in skin  

After applying the connection between FISST-panel and frames and changing the foam to 10 

mm instead of 30 mm, the strains had to be rechecked in order to see if the demands of Airbus 

were fulfillled. Figure 50 shows the strain in the 11, 22 and 12 direction for layer 3, which, is 

one of the layers with the highest strains. The legend is set with the limits from Airbus 

Hamburg. 

 

Figure 50 Strain in 11, 22 and 12 directions for Layer 3. 

In the window area the shear strains are above the limits given by Airbus for layer 3, 6, 7, 8, 10, 

12 and 13. This had to be dealt with in some way since too high strains might lead to failure. 

However, other requirements were to be evaluated and managed before these strains, as 

those requirements had not been looked into yet and fixing them might also decrease the 

strains. 
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4.5.5 Stress in foam 

The stresses inside of the foam have to be investigated to make sure that the foam is not 

overloaded. In order to be able to calculate the stresses the 3D modeled FISST-panel had to be 

used. Figure 51 shows the stresses on the foams upper and lower side when the skin is 

subjected to an internal pressure of 0.1172 MPa. The foam used has a compression strength of 

0.8 MPa and a tensile strength of 1.6 MPa [2]. 

 

Figure 51 Stresses in 33-direction, in the front of the foam (left) and back of the foam (right), of the FISST-panel. 

As shown in the figure above; most of the foam is subjected to stresses that are between the 

given limits. However the maximum stresses both in compression and tension are higher than 

the given limits. The areas that are subjected to too high stresses are at the pin attachments. 

The reason for these high stresses might be that the bushings are not modeled. Only line 

elements are modeled as the connection between FISST-panel and the skin. 
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Evaluation of how the pin modeling effecting the foam 

Since the model did not have the modeled bushings, as discussed earlier in chapter 3.3, this 

might cause the high stresses in the foam at the positions of the nodes. In the real FISST-panel 

the bushing is subjected to the load and distributes the stress more. To make sure that this is 

the problem, a 3D plate subjected to a load corresponding to the same stress as the foam in 

the FISST-panel was compared to a 3D plate with the bushing and the same load. 

Both plates were subjected to a load of 1200 N. In Figure 52 the stresses in the foam of the 3D 

plate with an applied load on the middle node as well as a load distributed over the modeled 

bushing is illustrated. 

 

 

Figure 52 Stress in the foam of a 3D plate when the load is applied on a single node (upper) or distributed over a 
modeled bushing (lower).

These results show that the stress goes down from -23 MPa to -1.2 MPa when using the more 

realistic but complex model with implemented bushings. Since implementing these bushings in 

the FISST model would mean a lot more work when changing the model it was not feasible to 

do so. However this has to be considered when evaluating the results in Figure 51.  
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4.5.6 Deactivation of pins 

Since the upper and lower pin rows have a higher load than most of the rest of the pins, how 

the load redistributes when deactivating these rows was evaluated. The purpose of this was to 

see whether the high loads move to the surrounding pins when a whole row is deactivated. 

Figure 53 shows the loads in the remaining pins after the deactivation. 

 

Figure 53 Loads in the pins when all pins activated (left) and upper and lower row deactivated (right). 

By removing these pins the compression load in the pins goes down significantly while the 

tensile load goes up somewhat. The compression load changes from 1522N to 280N while the 

tensile changes from 813N to 970N. By removing the upper row the second upper one takes 

over the load that previously was in the upper pins. This means that the high pin loads at the 

upper part are not only caused by being close to the stringer. However, the modeling of the 

stringers might affect the results and ought to be investigated further in the project. 
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4.6 Buckling  
For the buckling analysis the model had to have a finer mesh since mesh size affects the result 

in buckling considerably. The results with the finer mesh are more conservative and therefore 

the fine mesh is used in all buckling simulations. Making an even finer mesh than the one used 

in the next chapters was not necessary since the results converged at this mesh size and thus, 

making the mesh finer only makes the simulations slower than necessary. 

4.6.1 First buckling simulation 

The first four buckling modes are shown in Figure 54. All modes are correlated to the window 

and the buckling is located between the pins. The buckling load, F, is divided by the length of 

the panel in order to be comparable to the given requirements. These loads are shown in 

Table 6 

 

 

Figure 54 Buckling modes 1 - 4. 

 

Table 6 Buckling loads. 

  F [kN] N/mm 

Mode 1 191 97 

Mode 2 211 107 

Mode 3 237 120 

Mode 4 246 125 

 

All modes are correlated to the window; hence the stiffness in that area has to be increased.  
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4.6.2 Evaluating the BC’s 

To make sure that the BC’s used for the buckling analysis were accurate enough, another 

model with different BC’s was made. In the earlier model both frames were subjected to force, 

in the x-direction, pushing them towards each other. In this model one of the frames was fixed 

while the other one was subjected to a force in the x-direction. Both ways of applying the BC’s 

should give the same result. Figure 55 and Table 7 show the first four buckling modes and their 

loads.  

 

Figure 55 The first four buckling modes when using other BC’s. 

 

Table 7 Buckling loads when changing BC’s. 

  F [kN] N/mm 

Mode 1 208 106 

Mode 2 235 119 

Mode 3 256 130 

Mode 4 269 137 

 

Changing the BC’s changed the result slightly; however, to continue using the first BC’s was 

considered the more safe option as they were more conservative.  

4.6.3 Adding of window frames  

Since the buckling modes were connected to the windows this area had to be stiffened. In the 

real design, there was a window frame supporting the skin, and to make the model more 

realistic this frame was added to the FE-model. The frame was simplified and modeled with a 

cross section as shown in Figure 56. The frame was modeled using titanium material 

properties. Figure 57 shows a Catia model of the real window frame.  
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Figure 56 Cross section of the window frame 
modeled in Marc Mentat 

 

Figure 57 Catia model of the real window frame. 

 

 

In order to make the model more realistic some material was added to the two mesh rows 

closest to the window. This was done since the window frames in the real panel will be 

connected there and thus stiffening the area. The window frame in the model however, only 

gives bending stiffness to the line elements around the window. Titanium with 2 mm thickness 

was added on top of the fuselage skin close to the window.  

See Figure 58 and Table 8 for results. 

 

Figure 58 First four buckling modes when adding 2 mm of titanium around the window. 
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Table 8 Buckling loads after addition of two mm titanium around the windows. 

  F [kN] N/mm 

Mode 1 263 134 

Mode 2 269 137 

Mode 3 283 144 

Mode 4 296 150 

 

The changes in the model did affect the results a bit. When checking the window frame and 

the added material one by one it could be seen that the window frame did not make much of a 

difference on its own. However, it will be kept in the model since it is more realistic and might 

improve the FISST-concept in other ways then buckling. The added material was the biggest 

reason for the improvement in buckling but the panel still needs to be stiffened somehow as 

the buckling load is about 80 kN too low. 
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4.6.4 Addition of a pin between each pin 

The number of pins were doubled in the FISST-panel in order to see how much the pins affect 

the buckling load. This model has window frames and 2 mm titanium on top of the fuselage 

skin closest to the window but does not have the 14 extra pins around the window. The model 

has 284 pins in total, excluding all the pins that will be needed to connect the FISST and the 

frames. In the model, the connection between the FISST-panel and the frames is modeled by 

merging the nodes where the pins to connect them should be instead of adding a line element 

for each pin. Figure 59 shows the first four buckling modes.  

 

Figure 59 The first four buckling modes when using twice as many pins in the FISST-panel and window frames. 

 

Table 9 Buckling loads with twice the number of pins. 

  F [kN] N/mm 

Mode 1 418 212 

Mode 2 423 215 

Mode 3 540 274 

Mode 4 547 278 

 

By doubling the amount of pins the buckling load exceeds the requirements considerably. All 

the first buckling modes were close to the window for this case.  
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4.6.5 Optimizing number of pins  

Since the buckling modes all were initiated close to the window some of the pins that were not 

close to this area were removed. Figure 60 shows the first four buckling loads when using 194 

pins positioned as shown in Figure 61.  

 

Figure 60 First four buckling loads after removing 
pins as shown in Figure 61. 

 

Figure 61 Position of the pins after optimizing the 
amount of pins. 

In Table 10 the buckling loads for these modes are presented. 

Table 10 Buckling loads optimized amount of pins. 

  F [kN] N/mm 

Mode 1 365 185 

Mode 2 370 188 

Mode 3 385 195 

Mode 4 391 199 

 

The buckling loads were still slightly above the required load so it should be possible to 

optimize the FISST-panel more and still being able to fulfilll the buckling criterion.  
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4.6.6 Disconnected FISST-Frame, optimized pins  

Since the connection between the FISST-panel and the frames needs new bushings and more 

pins and since the buckling loads at this point were higher than necessary, disconnecting them 

again was evaluated. The same amount of pins as in Figure 61 but with disconnected FISST-

panel and frames were evaluated in order to see how this affects the buckling. Figure 62 shows 

the results.  

 

Figure 62 First four buckling modes when disconnecting the FISST-panel and the frames and using the amount of 
pin as shown in Figure 61. 

Table 11 Buckling loads when disconnecting FISST and frame with optimized pin pattern 

 F [kN] N/mm 

Mode 1 211 107 

Mode 2 215 109 

Mode 3 251 127 

Mode 4 278 141 

The buckling loads were remarkably lower than the demanded value for this model and the 

panel has to be stiffened. 
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4.6.7 Decreasing the distance between the pins 

In order to stiffen the panel the pin distance was changed to 88 mm instead of the 110 mm 

distance used before. In Figure 63 the first four buckling loads can be seen. Moreover, the 

loads corresponding to these modes can be seen in Table 12. 

 

Figure 63 First four buckling modes for the model with a pin distance of 88 mm. 

Table 12 Buckling loads with a pin distance of 88 mm. 

 F [kN] N/mm 

Mode 1 288 146 

Mode 2 292 148 

Mode 3 338 172 

Mode 4 342 174 

 

By decreasing the pin distance the buckling loads increased quite a bit. The new pin distance 

increases the number of pins to 206.  
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4.6.8 Decreased pin distance, optimized pins 

Since the buckling modes are once again close to the window area three extra pins on each 

side of the window were added. Pins further away from this area were removed in order to 

decrease the number of pins without ending up below the limit. The first four buckling modes 

can be seen in Figure 64, the loads corresponding to these modes are shown in Table 13. 

 

Figure 64 First four buckling modes when decreasing pin distance and optimizing the number of pins. 

Table 13 Buckling loads for the 88 mm with optimized amount of pins. 

 F [kN] N/mm 

Mode 1 336 171 

Mode 2 346 176 

Mode 3 354 180 

Mode 4 359 182 

 

As can be seen in the table above the buckling modes now occurs when the load per mm is 

above the required value of 168 N/mm which means that the FISST-concept now fulfillls Airbus 

Hamburg’s buckling criterion. The model has 172 pins. 
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4.6.9 Evaluating connection between FISST and frames 

To evaluate whether to remove the connection between the frames and the FISST-panel or 

not, the model in 4.6.8 was compared to the same model but with connected FISST-panel and 

frame. The number and placement of the pins for both cases can be seen in Figure 65. The 

connected model also has extra pins on the areas where the strain in earlier models was a 

problem. 

 

Figure 65 Left: pins when connecting the FISST-panel with the frames and extra pins where there was a strain 
problem. Right: pins for disconnected FISST and frames. 

 

The strain limits was the most critical requirement to check, since too high strains could make 

the skin break, and as the buckling had already been checked. Therefore the strain was the 

requirement being evaluated. See Figure 66 for results. 
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Figure 66 Strains in the two different models shown in Figure 65. 

Strains for the connected model were between -0.0047 and 0.0021. Strains for the 

disconnected model were between -0.0059 and 0.0028. 
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4.6.10 Baseline design  

For comparison, the buckling loads when using the baseline were investigated. Since the 

baseline is way above the limit when it comes to displacement it was expected to not fulfilll 

the buckling requirement either. Figure 67 shows the first four buckling modes with stringers 

instead of FISST-panel. In Table 14 the buckling loads for these modes are presented.  

 

Figure 67 First four buckling modes when using the baseline design. 

Table 14 Buckling loads for baseline design. 

  F [kN] N/mm 

Mode 1 248 126 

Mode 2 259 132 

Mode 3 281 143 

Mode 4 292 148 

 

The results show that the buckling loads with the baseline design did not fulfill the criterion 

from Airbus.   
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5 Final model 

 

Following, is an evaluation of how the final model fulfills the given requirements.  

5.1 Pin loads 
Since the connection between the FISST and the frames was removed the pin loads had to be 

re-evaluated to make sure that they had not become too high with this design. The result is 

shown in Figure 68. In order to be able to see which pins are subjected to tensile loading and 

which ones that are subjected to compression loading, two different scales were used in the 

picture. To the left in Figure 68 the tensile loaded pins are in color and to the right 

compression loaded pins are colored.  

 

Figure 68 Pin loads in the final model. Left picture shows the pins subjected to tensile loading and right picture 
shows pins loaded in compression. 

This design with 88 mm pin pattern in the middle has lower pin loads than the earlier model 

with a 110 mm pin pattern and connected FISST and frames, see page 34.   
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5.2 Displacement 
Furthermore, the deflection has to be rechecked after removal of the FISST-frame connection. 

Displacement for this model is shown in Figure 69. 

 

Figure 69 Displacement in the final model. 

This model increases the displacement in the skin from 5.23 to 6.17 mm. The difference is not 

great, but the displacement was already too big and has to be taken care of in some other way. 
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5.3 Strain 
The strain in the skin after the changes can be seen in Figure 70. 

 

Figure 70 Strain in the final model 

The strains were between 0.0028 and -0.0059 which is below the limit in tension but above in 

compression. 
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5.4 Buckling 
The first four buckling modes of the final model is shown in Figure 71. The loads corresponding 

to these modes are shown in Table 15 

 

Figure 71 First four buckling modes of the final model. 

Table 15 Buckling loads for the final model 

 F [kN] N/mm 

Mode 1 336 171 

Mode 2 346 176 

Mode 3 354 180 

Mode 4 359 182 

 

The given requirement for buckling is that the load has to be over 168 N/mm which this model 

fulfillls. 
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6 Results 

 

In this chapter the final results of the optimization is shown and compared to the earlier model 

and to the baseline.  

6.1 Thickness of foam 
The results show that the most optimized FISST-concept is a panel with a foam thickness of 10 

mm. Figure 72 shows how the foam thickness affects the 1st buckling load.  Foam thicknesses 

of 10 mm and more are all above the required values which is illustrated by the red line in the 

graph. 

 

 

Figure 72 Buckling loads when using different thicknesses of the foam in the FISST-panel. The load has to be 
above the red line in order to fulfill the requirements from Airbus Hamburg. 

 

Figure 73 shows how the foam thickness affects the displacement of the fuselage skin. None of 

the tested thicknesses managed to stiffen the skin enough to fulfilll the requirements which is 

marked as the red line in the graph. 
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Figure 73 Displacement when using different thicknesses of the foam in the FISST-panel. The displacement has to 
be below the red line in order to fulfill the requirements from Airbus Hamburg. 

 

Figure 74 shows the strain span in the fuselage skin when evaluating the last model with 

different foam thicknesses. All foam thicknesses were well below the upper limit but the 

compressive strain is too big in all of them. The range for the different foam thicknesses did 

not change much. However, the areas that were overstrained changed some.  

 

 

Figure 74 Strain in the fuselage skin when using different thickness of the foam in the FISST-panel. The strain had 
to be in-between the two red lines in order to fulfill the requirements from Airbus Hamburg. 
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In Figure 75 the pin load range for each foam thickness is shown. Increasing the thickness 

made the tensile load go down but increased the compressive load in the pins. However, as 

can be seen in the graph, the difference in range is very small for the altered thicknesses.  

 

 

Figure 75 Pin load when using different thicknesses of the foam in the FISST-panel. 

 

Increasing the foam thickness more than 10 mm does not affect any of the given requirements 

considerably but changes the weight of the concept quite a bit. By just increasing the foam 

thickness from 10 to 20 mm the weight of the FISST-panel goes up by 0.57 kg which is an 

increase of about 37 % of the panel weight.  
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6.2 Changings pins 
It is seen that the most weight-efficient way to handle the buckling limit is by using a five-

bushing pattern with a pin distance of 88 mm as a base and then removing and adding pins in 

different areas of the skin, see Figure 76. 

 

Figure 76 Position of the pins in the final model. 

The original pin pattern had a distance of 110 mm. This change increased the number of pins 

needed from 140 to 172 pins, which means an increase of the weight by 32 g (+pins) but 

makes the FISST-concept fulfill the buckling requirements. Before the change the buckling load 

per mm were 110 N/mm and after 171 N/mm. 

Figure 77 shows how changing pattern and/or amount of pins effects strains and buckling 

loads in the fuselage skin. Values that are inside of the red “box” are fulfilling the demands 

given.  
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Figure 77 Strain and buckling loads when using the same model but with different pin pattern and amount of 
pins, the red lines make the limits given from Airbus Hamburg. 

Figure 78 shows how changing the pin pattern and/or amount of pins affect the pin loads and 

the displacement of the skin. The red line shows the maximum allowed displacement. 

 

 

Figure 78 Pin load and displacement when using the same model but with different pin pattern and amount of 
pins, red line shows the displacement limit from Airbus Hamburg. 

The results show that the 88 mm pattern with optimized position of the pins is the best design. 

The 110 mm pattern does not fulfill the demands regarding buckling and the other ones have 

more pins than necessary.  
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6.3 Weight 
The total weight of the optimized concept as well as each individual part is shown in Table 16.   

The weight of the FISST-panel and the skin was extracted directly from the FE-software. The 

weight of the bushings comes from previous work in the FISST-project [4]. However; this 

weight is valid for longer bushings, manufactured for a FISST-panel with 20 mm foam 

thickness. The bushings used for a 10 mm foam thickness would be shorter; leading to a 

reduced weight. The weights of the pins, washers, insulation and lining were given from 

internal presentation 

Table 16 The weight of the optimized FISST-concept. 

Weight of optimized model 

Skin (fuselage) 2.89 

FISST-panel 1.32 

Bushing 0.17 

Pins 0.56 

Washers 0.07 

Insulation 0.20 

Lining 2.84 

Total [kg] 8.05 

 

6.4 Evaluation 
In Table 17 the results from the first model, the optimized model and the baseline are 

presented. Red values are outside the given limits and do not fulfill the requirements given by 

Airbus Hamburg. 

Table 17 Weight of the different designs, and how well they fulfill the limits from Airbus Hamburg. 

 First model Optimized model Baseline Limits 

Displacement [mm] 5.32 6.17 10.2 < 2 

Tensile strain 0.0060 0.0028 0.0132 < 0.0045 

Compression strain -0.0076 -0.0059 -0.0134 > -0.0033 

Buckling [N/mm] 89 171 123 168 

Pin Loads [N] 1185    - 3456 940     -729 - - 

Weight [kg] 9.28 8.05 8.04 - 

 

As shown in the table above neither the baseline nor the first model fulfillls any of the given 

requirements. The optimized FISST-concept fulfills buckling and tensile strain demands and 

was close to fulfillling the compression demand as well. Pin loads for the optimized model are 

also in a range that should be under control when looking at tests done earlier in the FISST-

project. The only constraint that was far from achieved is the displacement, which is 

nevertheless an improvement compared to the baseline.  
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7 Conclusion 

 

At this stage the FISST-design fulfillls the requirement for buckling and for the pin loads it will 

be subjected to. The displacements as well as the strains in compression are at the moment to 

high. However, this is also the case for the baseline which at the moment does not fulfill any of 

Airbus Hamburg’s requirements. 

When evaluating different ways to improve the FISST-panel some parameters turned out to 

affect the results, while some did not change the result much. 

Some parameters that did change the result were: 

 Number of pins 

 Position of pins 

 Thickness of fuselage skin 

 Foam thickness 

 Connecting the FISST-panel and the frames 

 Modeling of the bushings 

Adding more pins and changing their position changed the result remarkably, especially when 

the pins were placed close to the areas where the buckling/displacement/strains were high. 

Adding even more pins does not affect any of the problem areas so therefore, it is not 

interesting.  More pins make the buckling load increase but since the buckling load is already 

adequate this seems to be a waste. The holes that have to be created in the FISST-panel for 

the bushings might weaken the foam a little but since the bushings were added the total 

stiffness of the panel will increase. 

The increase in weight when thickening the foam was too great compared to the effect on the 

result to make such a change interesting.  

Thickening the fuselage skin helped all problem areas, but since the fuselage skin itself is not 

what is supposed to be optimized but rather a given parameter, this has only been done for 

evaluation during this project. 

When connecting the FISST-panel with the frames the result did improve. However, the same 

improvement can be achieved by adding and changing the distance between the pins 

connecting the FISST-panel and the skin. To connect the FISST-panel and the frames, new 

bushings and pins are necessary since the ones used for connecting the FISST-panel and the 

skin are too big to fit between the FISST-panel and the frames. 

By modeling the bushings, the displacement went up some but still not enough to make it 

worth modeling them at this stage of the project. Adding the bushings into the model would 

make all changes made afterwards very complicated and time consuming. However, in order 

to evaluate the results of the stresses in the foam this simplification has to be considered. 
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When applying the loads only at a node, unrealistic high stress in that area of the foam is 

created and should be neglected since it is not a real outcome.  

Some parameters that did not affect the result considerably were: 

 Thickness of pins 

 3D or 2D- modeling of FISST-panel 

The thickness of the pins did not have any influence of the result. This was expected since the 

pins are modeled as 3 mm thick titanium and therefore should be stiff enough without 

increasing the diameter.  

Modeling of the FISST-panel barely changed the outcome and since the 3D-model will make 

future changes much more complex this is not a good idea.  
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8 Suggested further work 

 

Since the skin at the moment is too thin to make the baseline fulfill the requirements it is 

reasonable to look into thickening the skin. It would be interesting to get more information 

and feedback from Airbus Hamburg about the baseline. If the stringer model needs thicker skin 

this would mean that the FISST design also could do this which would make the conditions for 

optimizing the FISST-concept much better. With thicker skin the two main problems; 

displacement and strains would go down considerable. 

One part of the FISST-panel that has not yet been optimized is the pins which are at the 

moment standard pins and therefore probably heavier than they need to be. This is something 

that could be improved further in the FISST-project. 

The modeling of the stringers at the upper and lower edges of the skin could also be 

investigated. It might be that the 2D-modeling of the stringers affects the results. The upper 

and lower rows of pins have quite a high load at the moment and that might be caused partly 

by the stringers. 

Another development would be to look at the whole fuselage cross-section instead of only 

modeling the panel between the crown area and the floor. It would be interesting to see how 

it would affect the results if the model included the whole section. 
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