
Degree Project in Aerospace engineering 

Naïs FARGETTE 

Master Thesis paper 

KTH Royal Institute of Technology 
 

 

 

 
 

Model and simulation of 
the AS350B1 helicopter 

 
By Naïs FARGETTE 

nais@kth.se 

February 2016 – July 2016 

 

 

KTH supervisor: David ELLER   drl@kth.se 

ONERA supervisor: Laurent BINET Laurent.Binet@onera.fr 

Fabrice CUZIEUX Fabrice.Cuzieux@onera.fr 

  

 



 

Naïs FARGETTE 

Master Thesis paper 

KTH Royal Institute of Technology 
 

1 

 

ABSTRACT 
 

The continuous progress made in computer science and mathematics has allowed simulation to 

take a growing place in modern engineering. It is today a strategic stake for research as well as 

industry. Indeed, it allows a better apprehension of many fields of study, going from physics to 

biology through economics to mention a few. In aeronautics, simulation might come before 

production to avoid any fatal error in aircraft safety, or after production as a maintenance tool. It 

has many purposes, but it is always a compromise between the degree of subtlety of modeling 

and the calculation capacity of a computer. 

This paper presents and compares two simulation codes in rotorcraft engineering. Both are used 

professionally by private companies. The main purpose is to enter one complete model of 

helicopter in both simulation software and to compare their outputs, understanding the models 

used in each case. The helicopter model is entered gradually, from main rotor to stabilizing back 

elements. Final results display the outputs of trim simulations performed on both programs.  
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1 INTRODUCTION 

1.1 THESIS CONTEXT 
 
ONERA is one of the main partners of Airbus Helicopters, and is since 2012 [1] assisting the 
aeronautic company to fulfil its offset requirements in Brazil. Numerous knowledge transfers are 
performed, ranging from code transfer to application and result interpretation. In this context, 
Airbus Helicopters bought the American commercial code Flightlab, in order to provide the 
Brazilian engineers with a simulation tool of their own enabling the modelling of the helicopters 
they acquired. 
ONERA actually uses and co-develops a simulation tool, the HOST software, standing for 
Helicopter Overall Simulation Tool owned by Airbus Helicopters. In order to assist the Brazilians 
during the conception of their new helicopter Alpha One, ONERA engineers had to familiarise 
with the new software FlightLab. It was then decided to create master thesis project to ensure 
the full comprehension and correct use of FlightLab. This will be assessed by entering data of 
well-known helicopter from Airbus in FlightLab, and compare simulation results between the 
two codes. 
The scope of this paper is to study the transfer of one helicopter model – namely the AS350B1 
also known as the “Ecureuil” – from HOST to FlightLab, and to ensure that similar responses are 
obtained for a given simulation. 

1.2 HOST AND FLIGHTLAB 
 
The software here compared uses very different approaches in modelling. This section gives a 
rapid overview of the methods behind both simulation tools. 
 
The FlightLab software was developed by the ART Company, standing for Advanced Rotorcraft 
Technology. It is a modular software, conceived so that the user is left to choose which elements 
he wants to bring to his 
helicopter model from a 
library of components 
available (number of 
rotors, number of wings, 
fin and so on). Users are 
then able to attach and 
connect the elements at 
any point of the device, 
assigning them relevant 
structural and 
aerodynamic data. The 
software then produces a 
consistent model from all 
the parameters it is 
given. 
 
FlightLab has three 
interfaces each handling 
different part of the 
simulation: 

Figure 1-1 FLME layout [3] 
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 FLME FlightLab Model Editor is used to model and define the helicopter. Its layout is 
displayed in Figure 1-1 [3]. 

 CSGE Control System Graphical Editor is used to design the flight control laws. It is quite 
similar to Simulink. 

 Xanalysis is used as the simulation interface, defining test conditions and launching the 
analysis. 

 
FlightLab is an American software used by the Army and the Navy in the United States [3]. It 
uses its own programming language called Scope, quite similar to Matlab. 
 
On the other hand, the HOST software was developed by Eurocopter France (ECF) now Airbus 
Helicopters in 1994, and is coded in Fortran. It stands for Helicopter Overall Simulation Tool and 
is the property of Airbus. Here, all the aerodynamic and structural data of one helicopter model 
are furnished in data files. The fundamental idea behind the program is to separate theoretical 
modelling from general processing in order to facilitate the simulation of various models. Unlike 
FlightLab, HOST does not have an interface allowing the user to change the model properties; 
this has to be done directly in the data files. Its interface then allows the user to choose the test 
conditions and to launch the analysis.  
 
In this thesis, all the data files of the AS350B1 rotorcraft were given, and the aim was to 
transpose them into the FLME editor and the compare the results of similar simulation in HOST 
and Xanalysis.  

1.3 STANDARD DEFINITIONS 
 

The Ecureuil AS350B1 (shown in Figure 1-2) is a light and 
single engine helicopter used for civil operations – though 
a military version of it exists: the Fennec AS550. Its 
standard model allows five passengers and one pilot. It is 
produced by Airbus Helicopters and mainly used by the 
Brazilian, Australian and Jordanian air force. It was first 
flown in 1974. 
Regarding its main features, it can lift a payload up to 
1 080kg for a maximum take-off weight of 2 450kg. Ceiling 
out of ground effect in ISA conditions is at 2800m and 

maximum speed at low loading and sea level is 287 km/h [4]. 
 
It is here useful for the rest of the paper to lay out some standard definition regarding the 
helicopter itself. First the frames of reference that are going to be used can be seen in Figure 1-3. 
The helicopter frame is attached to the body of the rotorcraft with x forward and z downward. 
The aerodynamic frame is linked to the velocity vector of the wind seen by the helicopter. Finally 
the fixed rotor frame is related to the main rotor, with x backward and z upward. In the figure, 
the expression “direct sens” refers to the way of rotation going from x to y as defined in the fixed 
rotor frames. 
 
On the other hand, some variables used further on as outputs of simulation can be defined in this 
section. 
 

 Induced velocity: The induced flow of a rotor is the airflow drawn through the rotor 
disk by its rotation. The induce velocity is the velocity of this airflow regarding the rotor 
frame. 

Figure 1-2 AS350B1 Ecureuil 
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Figure 1-3 Helicopter coordinate system 

 
 Figure of merit: The figure of merit is used for measuring a rotor’s hover efficiency. It is 

defined as the ratio of minimum possible power required to hover (ideal), to actual 
power required to hover, as written in equation 1.1 [8] 

𝐹𝑜𝑀 = 
𝑃𝑖𝑑𝑒𝑎𝑙

𝑃𝑡𝑜𝑡𝑎𝑙
= 

𝑇 𝑉𝑖0

𝑃𝑡𝑜𝑡𝑎𝑙
 1.1 

Where 𝑇 is the Trhrust and  𝑉𝑖0 the induced velocity. The figure of merit is usually given 

as a function of 
Ct

σ
 , Ct being the thrust coefficient and σ the rotor solidity. 

𝐶𝑡 = 
𝑇

𝜌𝐴(𝛺𝑅)²
 1.2 

𝜎 =  
𝑛𝑏𝑙𝑎𝑑𝑒𝑠  𝑐𝑚𝑒𝑎𝑛

𝛱𝑅
 1.3 

Where 𝜌 is the density, 𝐴 the rotor area, 𝛺 the rotational speed, 𝑅 the rotor radius and 
𝑐𝑚𝑒𝑎𝑛 the mean chord of the blades. 

 Rotor conicity: In helicopter flight the conicity of the rotor is the angle defining the cone 
drawn by the flapping blades of the said rotor. 
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 Collective, lateral and longitudinal angle: The collective pitch swashplate angle is the 
common angle of attack for the rotor blades and it is name DT0. Variation in the 
collective control causes the rotorcraft to ascend or descend. Lateral and longitudinal 
commands – respectively DTC and DTS – control the balance of the helicopter, implying 
forward acceleration or lateral swing 

1.4 METHOD 
 
The approach that was chosen in the context of this master thesis is the following. At first, the 
main rotor will be studied as an isolated system and its performances will be compared in 
different flight situations. Once it is assured that the main rotor yields similar results in HOST 
and FlightLab, the fuselage and rear rotor will be added to the model in order to form the basis 
of the rotorcraft. After validating this assembly of three elements, the fin and tail plan will finally 
be implemented to complete the helicopter.  
The AS350B1 responses will then be computed on both flight mechanics codes, through 
simulations of trim in hover, in flight, and dynamic responses to a command input. 

2 THE MAIN ISOLATED ROTOR 

2.1 STRUCTURAL DESCRIPTION 
 
The main rotor of the Ecureuil is constituted of 
three blades and has a radius of 5.345m. It uses as a 
rotor hub a hingeless system called the Starflex, 
made of composite materials and largely used for 
light helicopters. Its central component is a plate 
shaped as a three pointed star, and each rotor blade 
root is flexibly mounted on each branch through 
two plain pins. Figure 2-1 shows the Starflex system 
[5]. Even though such a system has many 
advantages concerning flight performance, it is 
quite difficult to model and simulate. Indeed 
structural data needed to model the Starflex plate – 
such as the modal stiffness or modal damping of the 
hub – are complex to obtain and not available on ONERA’s data files. In the data available in 
HOST, the choice was made to simulate the starflex design through an equivalent articulated 
design, using fictive hinges with different spring stiffness to model the bending, lagging and 
torsional degrees of freedom. This is how it will be modelled in FlightLab as well. 
 
A rigid blade element model is chosen for the main rotor in both codes, neglecting the elastic 
aspects of the blade behaviour. Structural data are then required as a function of the span and 
the following data are transferred from the HOST code: the chord, the twist, CG offset from pitch 
axis, blade mass distribution and the second moments of inertia. Figure 2-2 displays some of 
these data. 

Figure 2-1 Starflex hub design 
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2.2 AERODYNAMIC DATA 
 
The airfoil used for the entire blade of the Ecureuil is the OA209C, developed by ONERA. The lift, 
drag and roll moment coefficient polar shape are given in appendix 1. The airloads are 
considered quasi steady. Unsteady airloads or situation of dynamic stall can also be instituted in 
FlightLab, but in the simulations later studied quasi steady airloads are the most consistent 
Indeed the Mach number and local angle of attack of each blades are constant values for a given 
flight situation, independent of time. Last of the modelling choice is to define an induced velocity 
model. The latter is a downstream velocity induced by the wind load on the rotor disk. Several 
theories exist in the literature to model this flow.  In this simulation the model presented by Pitt 
and Peters [6] is used in HOST. In FlightLab, the “Peters and He three state inflow” model [7] was 
then chosen as the closest to the Pitt and Peter’s theory. 

2.3 SIMULATIONS 
 
Once the Ecureuil main rotor model has been transferred from HOST to FlightLab, two 
simulation cases will be run in order to check the accuracy of the transferred data. 
The first computation performed is a trim sweep regarding the vertical load of the rotor Fz, 
considering a helicopter mass to lift from 1000 kg to 3000 kg. The simulation is run at several 
pressure altitudes, the pitch and roll moment are imposed to zero and the commands are set as 
the trim output variables. In the second scenario, the mass of the system is imposed to 2 tons, 
and a horizontal wind is added going from 0 to 70 m/s in speed. As before, several pressure 
altitudes are checked, pitch and roll moment are imposed to zero and the commands are freed. 
The outputs considered in these flight-case scenarios were defined in the introduction and are 
set as follow: 
 

 Induced velocity: The mean value of the induced velocity over the span is computed by 
both programs, using the different theory previously defined. 

 

 Figure of merit 

 

Figure 2-2 Main rotor blade structural data 
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 Rotor conicity: The conicity of the rotor is defined differently in both codes. HOST gives 
the rotor conicity BO-RP as the angle between 
the flapping blade and the x axis. FlightLab’s 
angle A0F is the angle between the blade tip 
position and x axis. Figure 2-3 displays how both 
codes set their conicity, in a configuration with 
equal precone offset and flapping offset. 

The relation between AOF and B0-RP is given 
through equation 2.4 (Al-Kashi theorem) and 
2.5. 

‖𝑂𝑃⃗⃗⃗⃗  ⃗‖ = 𝑥𝑜𝑓𝑓 cos𝐴0𝐹 + √(𝑅 − 𝑥𝑜𝑓𝑓)
2
− 𝑥𝑜𝑓𝑓

2 sin²𝐴0𝐹 2.4 

𝐵0−𝑅𝑃 = asin
‖𝑂𝑃⃗⃗⃗⃗  ⃗‖ sin𝐴0𝐹

𝑅 − 𝑥𝑜𝑓𝑓
 2.5 

 

 Collective, lateral and longitudinal angle 

 

 Forces and Moments: Forces and moments to which the isolated rotor is subjected to 
are plotted in the fixed rotor frame as defined in Figure 1-3. 

 
 
Figure 2-4 displays the results of the isolated rotor simulation during hover, showing the 
evolution of the figure of merit, collective angle DT0, conicity and induced velocity as a function 

of  
Ct

σ
. Appendix 2 and 3 also give the results of the simulation with horizontal wind, including the 

forces and moments of the rotor hub. 
Results are encouraging as both simulation codes seem to reach similar results for the given 
simulations, especially regarding collective angle and induced velocity. It allows the validation of 
the induced velocity model chosen in FlightLab to match the HOST one. Slight differences in the 
remaining outputs of appendix 2 and 3 might be explained by the fact that FlightLab and HOST 
do not treat the structural data given exactly the same way. In any case the discrepancies are of 
the order of 3 to 4 % and are not completely out of order. Both software seem to release similar 
and consistent results.  
Regarding the forces and moment of the rotor (appendix 3), only the side force undergone by the 
rotor differs from the HOST simulation, while all the other forces and moments seem to follow it 
closely. At high velocities of 70m/s the difference is of approximately 20%, which is quite 
important and may require further investigation. Either one structural data was entered in a 
wrong way in FlightLab, or both codes compute a different result. In the latter case, it would be 
interesting to perform some real tests to compare simulation and reality, and assess which 
model yields the closest result to the actual one.  
In any case considering how close the other forces and moments are, and taking into account the 
fact that the side force curves still have the same shape and order of magnitude, the results are 
satisfactory enough to go through the next phase that is adding a fuselage and a rear rotor. 
 

Figure 2-3 Conicity angles 
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Figure 2-4 Isolated rotor results in hover 

3 FUSELAGE AND REAR ROTOR  
 
The next step in this study is to add a fuselage and a rear rotor to the studied system, to get 
closer to a whole rotorcraft. 

3.1 FUSELAGE 
 
To model the fuselage, the data needed are the moment and products of inertia, the centre of 
gravity as well as the aerodynamic coefficient of the nacelle. The latter are given as a function of 
α the angle of attack ranging from -90° to 90°, and β the angle of sideslip from -180° to 180° 
The difficulty here to transfer the data is that in HOST, all information is given in the form of 
coefficients and indices to be reconstructed in polynomial functions by the code. For instance in 
equation 3.1 used to compute the different coefficients for small angles of attack and sideslip, 
HOST provides 𝐶𝑖, 𝑛𝑖 and 𝑚𝑖. In equation 3.1, 𝐶𝑥 is to be read as C_x, representing all six 
coefficients. 

100 𝐶𝑥 = ∑𝐶𝑖𝛼
𝑛𝑖𝛽𝑚𝑖

𝑁𝑐𝑥

𝑖=1

 3.1 
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Figure 3-1 Fuselage aerodynamic coefficient 

On the other hand, FlightLab requires coefficients directly tabulated as a function of α and β. As a 
result the work to be done to transfer data to FlightLab is to reconstruct the aerodynamic data of 
the fuselage. 
Figure 3-1 displays the coefficients (drag, side force, lift, roll pitch and yaw coefficient) 
reconstructed as a function of alpha and beta, to be injected in FlightLab. 

3.2 REAR ROTOR 
 
To model the rear rotor, the Bailey model for a disk rotor is used [9]. It is based on a non-
feathering axis assumption meaning that there is only a collective pitch and no cyclic pitch input. 
This model does not take into account radial variation, assuming that values such as induced 
velocity or Mach number are constant along span. The induced velocity is computed from a 
uniform inflow model and included in the model.  
In the AS350B1, the rear rotor is constituted of two blades and has a diameter of 1.86 m.   

3.3 SIMULATION 
 
The simulation run is a trim sweep regarding forward flight speed for this simplified rotorcraft, 
going from 0 to 70 m/s. Accelerations are imposed to zero and commands and roll and pitch 
angle are set as the trim output variables. Several results are then compared: 
 

 Forces and moments of the fuselage 
 Forces and moments of the main rotor 
 Forces and moments of the rear rotor 
 Roll and pitch angle 
 The four commands 

 
All of these results are available in the appendix 4 to 7. Some observation can be made. 
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 Due to the absence of the tail plane to stabilise the fuselage, the pitch angle of the 
helicopter is excessively important and goes to minus 15°. This high pitch down attitude 
is unrealistic and will be lowered when the whole rotorcraft is implemented, including 
both of the rear stabilisers. 

 The difference of model can at once be seen regarding the rear rotor.  In HOST some side 
forces are calculated by the software whereas the Bailey model of Flightlab only yields a 
thrust force in the rotation axis. 

  The discrepancy for the side force can be noted again in the main rotor forces. This gap 
leads logically to a difference in the rear rotor moment which is there to counter the 
induced moment of the main rotor. It also may account for the differences in the roll 
angle phi between both codes. 

 On the other hand regarding the forces and moments of the fuselage, a discrepancy can 
be noted on the Mx moment, starting at around 20 m/s and increasing with speed. As it 
shows for the roll moment of the rotorcraft, this might also be linked to the difference in 
side forces in the main rotor calculations.  

 Even though the roll angles are slightly different at important flight speed starting 
around 20 m/s, it can be pointed out that the shape and order of magnitude are quite 
close and satisfying. As for the pitch angle both codes’ outputs follow the same path.  

4 AERODYNAMIC STABILISING ELEMENT 
 
The fin and tail plane are the missing elements to form the complete rotorcraft. Both were 
particularly difficult to add to Flightlab, due to a lack of documentation on the software and 
more importantly a difference of model between both codes. Indeed their airloads in HOST are 
given in the same format as the one described in the fuselage section (equation 3.1), with 
coefficients depending on α and β. On the other hand FlightLab has a section named 
“Aerodynamic surfaces” which requires a lifting line surface with coefficients depending on α 
and the Mach number, independent of the sideslip angle. 
In the context of this internship it was decided to add both fin and tail plane under another 
FlightLab module, “Miscellaneous airloads”. Indeed this section would be the one with the 
modelling options closest to the HOST code. On the other hand the lifting line modelling option 
was investigated by the thesis’s tutors, with satisfying results. In the “Miscellaneous airloads” 
section the six coefficients are entered as a function of two undefined variables to be further 
defined in a user made script in the Scope language. 
In the end this part of the data transfer and simulation is still to be further studied as many 
discrepancies appear in the outputs, especially regarding the forces and moments of the 
aerodynamic rear elements. More over the FlightLab interface indicates that the trim calculation 
did not converge. Nevertheless the results can be visualised and as an illustration, appendix 8 
displays for instance the roll and pitch angle obtained for both simulations, and appendix 9 
shows the forces and moments on the fuselage.  One may note on appendix 8 that the pitch angle 
given by HOST is no longer unrealistic, but remains at -4 ° for a flight speed of 70 m/s. 
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5 CONCLUSION 
 
One of the main interests of this work was to compare two very different flight mechanics 
simulation codes on one model of helicopter. Many interesting differences can be noted.  
 
The HOST simulation code gathers all the data of the helicopter in files coded in FORTRAN. They 
offer quite a lot of modelling possibility, allowing the user to modify the model directly in the 
data sheets. Afterwards the HOST software compiles all the data to run the simulation through 
an interface developed by Airbus Helicopters. HOST allows the user to choose which trim 
conditions he wants to apply, on which parameter he wants the trim sweep to be performed and 
so on. A lot of options can be put in or out, for instance one may choose or not to consider the 
interaction between the main rotor’s wake and the tail plane. After running the simulation HOST 
yields its result in one single file containing all the output of the helicopter (327 outputs for the 
whole rotorcraft).  It is left to the user to choose which one he wants to visualise.  
 
FlightLab on the other hand uses a different approach. Its model interface is easy to grasp, but it 
often requires very precise pieces of information that are not always available. One of the main 
disadvantages was the lack of documentation and explanation concerning the software, making 
it laborious to enter the data. Particularly the accurate definitions of the inputs / outputs or the 
frames in which they were given were always a tough issue to solve. Regarding the results the 
outputs to check out must be chosen before launching the simulation on FlightLab, otherwise 
they are not stored during the computation.  
 
Finally the conclusion of this work is that data of the AS350B1 was accurately transferred from 
HOST to FlightLab at least for the main isolated rotor and the fuselage aerodynamic coefficients. 
The rear rotor may need some model adjustments. The back elements that are the tail plane and 
the fin have to be reconsidered and corrected in sight of the results obtained. The timeline of the 
thesis leaves this work to be further continued by ONERA’s researchers.  
The thesis allowed many insight and clarification on how the FlightLab software worked and 
defined its variables.  The delivered results to ONERA are a document containing some 
directions on how to transfer data from one code to the other, as well as Matlab scripts and 
functions directly producing the FlightLab needed data files from the HOST data.  
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APPENDIX 4 FORCES AND MOMENTS OF THE FUSELAGE 
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APPENDIX 6 FORCES AND MOMENTS OF THE MAIN ROTOR 
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APPENDIX 7 ROLL AND PITCH ANGLE OF THE MAIN ROTOR 
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APPENDIX 8 COMPLETE ROTORCRAFT - ROLL AND PITCH ANGLE OF THE MAIN ROTOR 
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APPENDIX 9 COMPLETE ROTORCRAFT – FORCES AND MOMENTS OF THE FUSELAGE 
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