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ABSTRACT 

Passenger Safety is one of the most important fields in Aeronautical Engineering. There are multiple 
entities, local and international, that make sure every seat complies with the safety requirements in force. 
These are needed to ensure that the passengers suffer, if a crash happens, the least amount of injuries. 
Passengers must also be able to evacuate quickly and safely. 
Airliners, materials and their roots are introduced in this assignment. Current legislation is explained as 
well, in order to understand the procedures used by the European agency responsible by aircraft 
certification. With this knowledge, it’s possible to identify the computational simulations that will be 
recreated here. 
Besides simulating on an airplane seat using the current legislation, the goal was to cluster all the relevant 
knowledge needed to recreate the simulations as well as explain intermediate steps, in order help the 
ones searching for these topics. 
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1 –  Introduction 

There are plenty of challenges in the fields of 

engineering. These challenges need a systematic 

approach and engineers should have the skills to 

analyse and solve them. Following that, this 

work focuses on developing a method to verify 

if an airplane seat follows certain specifications. 

The specifications were created by EASA 

(European Aviation Safety Agency) and dictate 

how multiple types of airplanes should behave 

under certain circumstances. Knowing these 

circumstances, it’s possible to create or use a 

previously made CAD Model and obtain the 

results needed to verify the crashworthiness of 

said model. 

2 –  Framework 

Crashworthiness focuses on the occupants’ 

protection in a way that reduces the number of 

serious and fatal injuries. It’s an important 

characteristic and it has been continuously 

improved through technology advances and 

research programs. 

Since 1908, the year of the first flight with a 

passenger, that airplanes have become bigger 

and heavier. To keep up with the demand, there 

is a need to ensure that airplanes are a safe 

mean of transportation.  

3 – Regulation 

EASA was created in 2002 as the main entity that 

regulates airplanes in Europe. As mentioned 

before, EASA has multiple documents regarding 

air safety. These documents are called 

Certification Specifications and producers must 

abide by what’s written in them when 

developing airplanes. But this work focuses 

mainly on 2 paragraphs in CS-25, “Certification 

Specifications and Means of Compliance for 

Large Aeroplanes”. These paragraphs are 

identified by the codes CS 25.561 and CS 25.562 

and are under “Emergency Landing Conditions”. 

[1,2] 

3.1 – CS 25.561 

An airplane, even though it might be damaged in 

an emergency landing on water or on land, must 

be built in order to protect the passengers. The 

seat’s structure must not deform so much that 

the passengers aren’t able to quickly leave the 

plane after the landing. The loads it must sustain 

are the following: [3] 

 Upwards, 3g; 

 Forward, 9g; 

 Sideways, 4; 

 Downwards, 6g; 

 Backwards, 1.5g; 
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3.2 – CS 25.562 

In this paragraph, there are two dynamic tests 

that simulate the seat crashing against an 

object. This crash creates an acceleration on the 

passenger and, consequentially, loads on the 

seat structure. [4] 

 

 

 

 

Fig 1: Schematics of the two dynamic tests 

[5] 

Table 1: Requirements for the dynamic 
tests 

 1st 
Test 

2nd 
Test 

Dummy mass (Kg) 77 

Minimum ∆v (m/s) 10.7 13.4 

Time of max deceleration (s) ≤0.08 ≤0.09 

Maximum deceleration (g 
m/s2) 

≥14 ≥16 

 

4 – Model Study 

4.1 – CAD Model 

The CAD model, shown in Fig 2, was edited in 

Autodesk Inventor Professional 2016. After 

having the CAD model completed, a mesh will be 

created in order to be analysed using the Finite 

Element Method (FEM).  

 
Fig 2: CAD Model used 

 

4.2 - Materials 

The materials used in the aerospace industry, 

specifically the ones used in the structure or 

fuselage, are selected based on a few 

requirements: 

 Low density; 

 High strength; 

 High ductility; 

 Corrosion resistance; 

 Low price. 

Obviously, there is the need to find the balance 

between the previous items, according to its 

purpose. 

The materials used in this assignment can be 

found in the following table. 

Table 2: Materials’ properties [6] 

 Material ρ 
(Kg/m3) 

E 
(GPa) 

Yield stress 
(MPa) 

Steel AISI 304 SS 7900 190 276 

AISI 4340 7850 193 1176 

Aluminium A365 2670 70 229 

2014 2794 73 394 

6061 2711 69 242 

Titanium Ti 6Al-4V 4430 121 805 

Bronze Bronze 8852 103 260 

Polimer ABS 1050 2 40 
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Table 2 is missing information regarding plastic 
strain. To obtain that information, as well as the 
stress-strain curve, there are some more 
material properties that NX10 Material Library is 
able to provide. That information was on the 
“Formability” section and, although NX10 
doesn’t use it to calculate plastic strain, it is a 
good approximation, considering the plastic 
strain will be minimal. 
 

Table 3: Formability properties [6] 

 Material n K 

Steel 
AISI 304 SS 0.22 1008.4 

AISI 4340 0.22 2182 

Aluminium 

A365 0.25 463 

2014 0.21 827 

6061 0.23 512 

Titanium Ti6Al-4V 0.2 1449 

Bronze Bronze 0.19 629 

 

Using this table and the equation: 

 𝜎 = 𝐾 × 𝜀𝑝
𝑛                   (2) 

It is possible to create a bilinear approximation 

for the stress-strain curve. 

 
Fig 3: Bilinear approximation 

 

The green function is equation (2) and A-B-C is 

the bilinear approximation. 

A – (0,0) 

B – (𝜀𝑦𝑖𝑒𝑙𝑑 , 𝜎𝑦𝑖𝑒𝑙𝑑) 

C – (0.1, 𝐾 × 0.1𝑛) 

0.1 was used due to the solver only registering 
strains smaller than 10%. This won’t be a 
problem because the structure will mostly have 
elastic strain. 
 

The yield criteria used will be Von Mises, which 
states that a body enters plastic deformation 
once the second deviatoric stress invariant, J2, 
surpasses a critical value. 

𝐽2 = 𝑘2                         (3) 

   𝑘 =
𝜎𝑦

√3
                             (4) 

4.3 – Finite Element Method 

The laws of physics of time and space-

dependent problems are usually expressed as 

Partial Differential Equations (PDEs). To most 

geometries and environments, it’s not possible 

to solve PDEs in an analytical way, so it is needed 

to approximate the equations to algebraic 

equations. These equations are used in a 

discretised geometry as well. The result is the 

following equation. 

[𝑀] ∙ �̈� + [𝐶] ∙ �̇� + [𝐾] ∙ 𝑢 = 𝑓          (1) 

M, C and K are, respectively, the mass, damping 
and stiffness matrix. 𝑢 is the vector 
containing all the degrees of freedom 
(DoFs) of the system. 𝑓 is the vector 
that contains all the applied forces 
components. 

 

4.4 – Mesh Creation 

Table 4: Mesh elements properties 

Element Quantity 

CTETRA(4) 556280 

CQUAD(4) 6450 

Material modelling 
Von Mises with 

Isotropic Hardening 

Midside Nodes Not included 

 
 

 
 

Fig 4: Mesh used 
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5 – Numerical Simulation 

5.1 – Case Study 

5.1.1 – Static analysis 

 

 
Fig 5: Static analysis model (top); detail of 

applied load (bottom) 
 

The applied loads are the red arrows, the blue 

details in the left picture are the constraints. 

These constraints make sure the bottom 

components of the seat stay in contact with the 

floor. 

 
Fig 6: Time-dependent load function 

CS-25 doesn’t specify what kind of shape the 

load function should have, so the one in Fig 6 

was used.  

 

Table 5: Static analysis parameters 

Analysis duration 0.05 s 

Max force 6 × 𝑔 × 77 = 4542 𝑁 

Time Steps number 100 

Interval for Output 1 

Max number of 
Iterations per Time Step 

20 

Time Step Skip Factor 2 

Convergence Criteria Displacement – 0.001 

 

5.1.2 – Dynamic analysis 

In this analysis, there is an extra body that will 

simulate the loads a passenger would create on 

the seat. Instead of having a velocity change on 

the seat, a body that’s connected to the seat the 

same way a seatbelt constrains a passenger to 

his seat. That body is highlighted in orange in the 

images below and it was modelled so it weighed 

77 Kg, the weight of the passenger. 

 

 

 
Fig 7: Dynamic analysis Model 

In this analysis, there are 2 simulations to be 

analysed. The first one, that uses the whole 

model (Fig 7, top image) and the second one, 

that has the seat plate and its supports (Fig 7, 

bottom image) 
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This is due to the fact that, in the first case, the 

simulation ends shortly after 0.08s. This 

happened because of the large stresses found in 

some elements in the seat plate. 

According to the “International Journal of 

Crashworthiness”, the shape of the acceleration 

function is as follows. 

 
Fig 8: Acceleration function 

 

The body is only connected to the seat through 

two holes in the “arms”. This means there is no 

load directly applied to the plate. 

Table 6: Dynamical analysis parameters 

Analysis duration 0.2s 

Max acceleration 14 g 

Time Steps number 320 

Interval for Output 4 

Maximum Iterations per 
Time Step 

20 

Time Step Skip Factor 2 

Convergence Criteria 
Displacement– 

0.001 

5.2 – Results 

5.2.1 – Static Analysis 

 
Fig 9: Displacements at 0.04s 

 
Fig 10: Displacements at 0.04s without the 

plate 
 

When the plate is removed, the components 

with the most displacement are the supports. 

The maximum displacement occurs at the seat 

plate, where the load is applied. 

 
Fig 11: Stresses in the seat plate at instant 0.04s 

 

The max value of stress in the plate is 1367.29 

MPa. However, this value is unrealistic because 

it is much higher that its yield stress (276 MPa). 

This value its due to a stress singularity, caused 

by the constraints with the supports. 
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Fig 12: Stresses in the supports at 0.04s 

These are the other components with major 

stress concentrations. Just like the plate, these 

are caused due to the geometry or some degree 

of freedom badly constrained. 

Now, the analysis is on the stresses on the rear 

legs. In Fig 14, in the page 7, the image on the 

left has the elements chosen longitudinally and 

the image on the right has the elements chosen 

transversally. The graphs below represent the 

evolution of the stresses in the leg for the 

simulation duration, 0.05s. 

In the longitudinal analysis, there are six 

elements chosen to form a path. The element 

with the least stress is one of the middle ones, 

the element 3872908. 

In the transverse analysis, there are five 

elements chosen. The elements in left and right 

of the path have the highest stresses throughout 

the 0.05s and the ones in the middle have the 

lowest stresses. 

In both analyses, the functions appear to be a 

combination of harmonic functions. That 

happens because the stresses are inferior than 

the yield stress, so the legs never deform 

plastically. The elastic forces make the legs 

vibrate like that. 

5.2.2 – Dynamic analysis 

The next images are results from the first 

simulation, in the time step 0.083s, the last one 

that was able to be computed before the error. 

 

 
Fig 13: Stresses in a log scale (top); Close 

up of components 
Component A has a stress of 455.46 MPa near 

the hole where the accelerated body connects. 

This value is higher that its yield stress, therefore 

the body has some plastic strain. Component B 

has one of the highest value of stress, however, 

its below its yield stress, 1176 MPa. 
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Fig 14: Elements chosen for analysis. 

 

 

 
 

Fig 15: Stress distribution in legs. Longitudinal (top); transverse (bottom) 
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The elements responsible for creating the error 

that terminated the simulation are known. The 

next image shows their location and their stress. 

 

 
Fig 16: Stress distribution in the plate 

The stresses in the image above raise too quickly 

in the last time step. If the simulation didn’t end, 

the stress would have continued to rise. 

  

 
Fig 17: Stress distribution in a critical component 

 

The component shown in the previous image 

links the arm to the backrest support. Around 

time step 0.08s, this component’s stresses 

surpass its yield stress, causing it to go into 

plastic strain. 

The last components to be analysed are the legs.  

 

 
Fig 18: Stress distribution in critical areas 

near the legs 
The yield stress of the legs analysed in the 

previous images is 229 MPa. It can be observed 

in the graph that that value is surpassed around 

the 0.08s time step. However, the plastic strain 

is very low.  

In the two previous graphs, after the 

acceleration max value is reached (14g), the 

value for the stress is reduced. After the initial 

downward slope, stresses oscillate mildly. This is 

due to the insertion of the new component that 

simulates a human being constrained with a 

seatbelt. This component, after its imposed 

acceleration decreases, oscillates, due to its 

Young Modulus being high (100 GPa) 
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6 – Conclusion 

Most of the seat suffered only elastic strain, so 

that means the displacements and stresses 

analysed at would mostly disappear after the 

load stopped being applied. Evaluating the 

results in stress and displacements, it’s safe to 

assume the seat, under these circumstances, 

would protect the passenger and it would 

enable the passengers to evacuate quickly and 

safely. 

These results were obtained by simplifying the 

physical conditions in order to reduce 

computational load and simulation duration. 

These simplifications aren’t enough to certify 

the seat and real crash tests are needed, 

however, these simulations can predict the 

structures’ weak spots and can approximate the 

systems behaviour. 

Lastly, these are some notes on how to improve 

the simulations for a future analysis: 

-Simplifying the 3D model, reducing the 

component number and its complexity; 

-For the dynamical analysis, using a smaller time 

step and adding an initial velocity to the 

structure and making it collide with an obstacle; 

-Using a dummy in the simulations, adding 

contacts between it and the structure; 

-Modelling the rails in which the seat fits.
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