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1. Abstract 
 
This report concerns my internship at EADS Astrium, in the A5 development 
mechanical loads section, between January 10 and July 8, 2011. There, engineers 
work with several software such as ADAMS and PERMAS. This internship 
showed that it is possible to use PERMAS models in an ADAMS simulation by 
exporting-importing them. Simulations on ADAMS may become much more time 
consuming and an industrial use of this method is not possible before some 
improvements on the interface software have been done. 
 
2. Introduction 
 
ADAMS is used to carry out kinematic studies on rigid and flexible bodies and to 
compute hyper static loads undergone by the rocket, during some flight stage. 
(ground phase + lift off). PERMAS enables the engineers to compute forces and 
displacements of a structure with finite element method. Unlike ADAMS, 
PERMAS can be very precise but it only performs dynamic analysis, whereas 
ADAMS software can deal with kinematic analyses including changing boundary 
conditions. 
It would be interesting to improve the results obtained with ADAMS by importing 
more precise models from PERMAS. Besides, Astrium engineers receive models 
for each launcher element from the contractor in charge of these elements. 
Sometimes, contractors only send reduced models for confidentiality matters. 
Exportation-importation of simple models had already been done during a previous 
internship but not with reduced models. The aims of this one were: 
- to determine whether or not it is possible to export-import reduced models from 
PERMAS to ADAMS and then carry out simulations on ADAMS. 
- f this method is conceivable, making easier 
the building of the whole launcher, from several blocks, 
-  
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2. Abbreviations 

 

 A5 Ariane 5 (p1) 

A5E C A  Ariane 5 Evolution Cryotechnique type A (p3) 

AST Astrium Space Transportation 

A T V Automated Transfer Vehicle (p3) 

B M E T Bâti Moteur Equipé  (p4) 

CPU Computational time 

D A A R Rear retaining rings ( dispositif d' accrochage arrière  (p11) 

D A A V Front retaining rings ( dispositif d' accrochage avant  (p11) 

D AS Soft shackles ( ) (p11) 

dof Degree of freedom (p12) 

E A DS European Aeronautic Defense and Space Company (p1) 

E AP  
(p4) 

EPC Etage Principal Cryotechnique  (p4) 

EPS S Etage à Propergols Stockables  
(p3) 

ESA European Space Agency 

ESC-A Etage Supérieur 
Cryotechnique de type A   (p3) 

G A M Engine activation group ( group  ) (p4) 

G T O Geostationary Transfert Orbit (p3) 

ISS International Space Station (p3) 

JA R Rear skirt ( Jupe ARrière ) (p9) 

M N F Modal Neutral File (p10) 

RI E Tank ( Réservoir Isolé Equipé ) p(5) 

SY L D A Double launch system for Arian SYstème de Lancement 
Double Ariane  (p6) 

SSH el Liquid Helium Subsystem (p4) 

V E B Vehicle Equipment Bay (p3) 
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3. A riane 5 launcher 
                                

 3.1)   Historical events 
 

5 by European ministers of Space 
in Rome. In 1995, 1999 and 2001, the European Space Agency committee decided 
to start improvement programs of the launcher. 
Ariane 5 was designed in order to answer the evolution of the market of 
commercial launches, especially to the increase of satellites masses and to the 
governmental needs. The evolutions brought to the generic launcher aim at 
increasing its performance and consolidating its place in the market. Thanks to the 
central engine Vulcain 2 and the cryogenic superior stage, the ESC-A, the launcher 
is able to propel until 10 tons in GTO. It can also freight the ATV to the ISS, 
thanks to a re-ignition superior stage with stockable propellant (EPS), in low orbit. 
The firrst flight occurred the 4th of June 1996, but it failed. However, the second 
flight succeeded the 30th of October 1997. Since then, about fifty flights have been 
carried out from the launch pad in Kourou, French Guiana. Only 2 of them failed. 
In order to stay competitive as asked by European ministers at the end of May 
2003, Astrium Space Transportation became the only prime contractor of Ariane 5. 
The aim is to decrease production costs by 30%. 
Astrium Space Transportation is responsible for the supply to Arianespace of the 
full launcher and manages the contracts. The company supplies the stages, the 
Vehicle Equipment Bay (VEB), the flight program and many sub structures. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1: Liftoff of A5ECA - 26/06/2010 - ARABSAT 5A & COMS - V195 
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3.2)   Stages of the launcher 
 
EPC 

The Cryogenic Main Stage ( , 
(EPC)) developed in Les Mureaux, by Astrium Space 
Transportation is essentially constituted of a big tank. This tank 
is formed of 2 compartments containing 174 tons of cryogenic 
propellant at very low temperature, of a thrust frame transmitting 
the thrust from the Vulcain 2 engine as well as an upper skirt 
ensuring the link with the upper stage and transmitting the thrust 
of the 2 EAPs. The engine Vulcain 2 can be directed towards 2 
axes for the flight control.   
Working during about 530s, the EPC supplies most of the kinetic 
energy needed to put a satellite in orbit. Depending on the 
mission, its separation occurs between 130 and 420 km of 
altitude. Then, it falls in the ocean, breaks and sinks.    

 
 
BME 

 (BME)) is located within the 
The 

 and transmission of their own thrust to the launcher. 
Main equipments fixed to the BME are the Liquid Helium subsystem (SSHel), the 

pressure spheres. The GAM allows to orientate Vulcain nozzle, thanks to actuators. 
There is the same system within the EAPs.  
 

EAPs 

the biggest solid boosters realized in Europe. An EAP can contain 240 
tons of solid propellant. The axis nozzle can rotate about 6°, thanks to 
a special system. 
Each engine delivers a thrust able to lift off 540 tons, during liftoff and 
with maximum average thrust of 600 tons during the whole flight. 
Both EAPs ensure approximately 90% of the total thrust during 141s. 
At that time, they both are separated from the rocket by pyrotechnic 
means, between 55 and 70 km of altitude. Then, they fall in the 
Atlantic ocean, at about 150 km from the launch pad. 

Figure 2 : EPC 

Figure 3 : EAP 
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ESC-A                                    
                                            

Bremen, ensures the putting into orbit of the satellite, its 
orientation and its separation. Bringing 14.4 tons of 
cryogenic propellant (liquid hydrogen and oxygen), this 
stage works during about 1000s. Its nozzle is activated 
on 2 axis for the piloting. 
The stage ESC-A allows the roll control, during the 
propulsion phase, as well as the altitude control of the 
upper stage during the dropping of the satellite. 

 
 
 
EPS 

is made up of 4 tanks containing a total of 9.7 tons of 
propellants (MMH et N2O4), as well as an engine able to 
deliver 2.7 tons of thrust in empty space. This engine can 
be reignited and is called Aestus. Its nozzle is activated on 
2 axis for the piloting. 
During ATV missions, at low orbit, the launcher 
maneuvers in ballistic flight for a while, before the 
ignition of the upper stage. After the separation of the 
ATV from the upper stage, the upper stage leaves the 
orbit and gets burnt in the atmosphere. 
 
Vehicle equipment bay 

The vehicle equipment bay is constituted of a 
lightened cylindrical structure made of carbon 
fibers and of a cone supporting the upper stage 
(EPS) and the payload adapter. This cone allows to 
fix electrical systems of the upper stage and to adapt 
the diameter. 
The bay shelters most of the equipments used for     

the flight control, the telemetry and gyroscopic systems. 
 
 

  

Figure 4 : ESC-A 

Figure 5 : EPS 

Figure 6 : VEB 
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Adapter: SYLDA 
The Double Launch System is a structure placed inside the 
fairing, It allows the simultaneous launch of two satellites. 
One satellite is fixed upon the SYLDA and the other one, 
inside.  
 

 
 
 
 

 
Fairing 
The fairing makes the satellite secure during the atmospheric flight 
while giving to the launcher an aerodynamic shape.  
It is dropped 200 seconds after the launch at around 110 km high. It 
can be short, medium or long. 
 
 

 
Figure 9: Flight phases 

 
The chron  
H0: ignition of Vulcain engine. 
H0 + 7s: ignition of EAPs and liftoff. 
H0 + 143s: separation of EAPs. 
H0 + 190s: dropping of the fairing. 
H0 + 578s: dropping of the EPC. 
H0 + 1600s (on average): separation of the satellite(s). 
 

Figure 7 : SYLDA 

Figure 8 : Fairing 
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4. M ethod  
                                  

The aim of this internship was to study the interface between 2 software used by 
Astrium engineers: PERMAS and ADAMS. PERMAS enables them to create 
Finite Element models and to calculate modal displacements, response to an 

Contrary to PERMAS, it allows the change of boundary conditions during a 
simulation. That is why ADAMS is used for the lift-off simulation during which 
the launcher is first in clamped boundary conditions and then in free-free motion. 
Models on ADAMS are very simple which means that precision can be lost. By 
importing fine meshed models, it may be possible to make the results more precise 
and get only one type of model to handle. 
To study this interface, only one part of the launcher, already represented on 
PERMAS, was chosen, exported from PERMAS, and then imported into the whole 
ADAMS model of the launcher, in order to run ADAMS simulation of the lift-off.  
The BME was chosen because it is a complex component of the EPC. It ensures 
connection with the EAPs thanks to the struts, with the Vulcain engine and the 
upper part. This made the study interesting.   
 

 
 

Figure 10: BME 
 
 
 
 
 

 
 
 
Figure 11: BME + Vulcain engine                                Figure 12: assembling of the BME with the EPC 
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4.1)   Use of ADAMS  
 

sshorter time to be done. Boundary conditions can be changed and depend on time. 
Other software such as PERMAS do not allow to do so. 
ADAMS permits to simulate the launch. Indeed, boundary conditions change 
dramatically during the lift off, especially at the JAR level. 
ADAMS models are mainly one dimension models. 
represented by simple beams. Several types of connections are available, such as 
FIXED, SPHERICAL, TRANSLATIONAL JOINTs.  ADAMS allows to simulate 
forces and loads acting on a body, over time, and returns loads, displacements, 
velocities and accelerations calculated at connections when it is asked for it. 
 
4.2)   Use of PERMAS 
 
PERMAS is based on Finite Element Methods. It calculates modes, loads, modal 
displacements and excitation response. 
PERMAS allows the decomposition of a model into substructures. Substructures 
can be assembled the same way as single elements and are therefore often called 
superelements. The assembly process may be performed on an arbitrary number of 
levels. 
PERMAS includes comprehensive element families offering a wide range of 
elements for all fields of application, such as more than 50 element types for static 
and dynamic calculations including linear and nonlinear spring and damper 
elements. PERMAS allows definition of models with matrices (matrix models or 
reduced models). 

The method used during this internship is different from the one used in a previous 
one, because it involves reduced models. It means that a part of the launcher the 
BME, for instance   

Indeed, the contractor built the BME and carried out real analyses in order to 
define its physical properties. Results are gathered in several matrices such as 
stiffness and mass matrices. For reasons of confidentiality, the contractor delivers 
only the reduced matrices to Astrium engineers. The contractor used the Craig-
Bampton method for the reduction of these matrices ([7], [8], [9]). From this 
delivered set of matrices, Astrium engineers are able to create a discrete 
mathematical model of the BME, on PERMAS, and test it by computer 
simulations. Results are then compared with contractor results and validated in a 
technical report [10]. Since Astrium engineers have to work with these reduced 
models, it is important to study how exporting it from PERMAS and how 
importing it into ADAMS, using previous work done with full models. 
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Figure 13: PERMAS finite element model of BME 
 
The figure above represents the discrete model of BME, obtained from reduced 
matrices. Each number corresponds to a node resulting from the Craig-Bampton 
reduction method. The nodes 125 to 160, describing a circle, are the BME/RIE 
interface nodes and will be very useful for the connection with the upper part, in 
the coming studies. Other nodes allow the connection of the BME with 
peripherical devices such as the struts and the Vulcain engine. All these nodes had 
been created on purpose, to make easier the integration of the model into the whole 
launcher model. It will be very useful to export all these nodes to ADAMS.  
 
4.3)   Exportation from PERMAS software 
 
The export from PERMAS produces a number of files with different format. Some 
of these files call up reduced matrices provided by the contractor. Several 
PERMAS simulations need to be done for the exportation process: 
VIBRATION ANALYSIS : calculation of modes 
WEIGHT ANALYSIS: calculation of the mass, the position of the inertia center 
and the inertia matrix. 
If required in the code, all the outcomes of these 2 analyses will be exported to 
ADAMS, using the ADAMS interface. Outcomes are presented as matrices in a 
special binary file which called Modal Neutral File. It will, then, be converted in a 
MaTriX file, before being imported into ADAMS.  
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4.4)   Checking and tests 
 
The imported model needs to be checked. Since the imported BME model is based 
on a finite element model, it permits displacements between different points of the 
body. That is why we call it a flexible body. Before using it for lift-off simulations, 
some checking and tests had to be done. To carry out an ADAMS simulation of the 
flexible body, one has to write a flexible body statement in an ADAMS file and 
run simulations on it. This statement includes information on the flexible body and 
calls up the 14 matrices contained in the Modal Neutral File and MaTriX file. 
 
Mass properties of the flexible body are computed during the exportation process 
and displayed in the result file. Modes are also displayed in this file. For instance, 
free-free modes and constrained modes can be computed and then compared to the 
technical report. This computation is made by both PERMAS and the ADAMS 
interface. It is necessary to specify the situation in which is the BME during the 
simulation. If the BME is not connected to anything, we will get the free-free 
modes. If it is blocked somewhere (at the BME/RIE interface for instance), we will 
get the constrained modes.  So for the mass properties and the modes calculations 
it is not necessary to carry out an ADAMS simulation. 
 
But ADAMS is needed when it comes to the computation of the flexibility matrix. 
The flexibility matrix S is the inverse of the stiffness matrix K (S = K-1), such as: 

                                   (1) 
Where F is the applied force and X the resulting displacement. 

 K-1                           (2)       
                            (3)    

The method consists in applying a known force on a point of the flexible body and 
run the simulation. The displacement computed by ADAMS permits to calculate 
the flexibility matrix elements. Outcome is compared with the flexibility matrix 
provided in the technical report [10]. 
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4.5)   Former model 
 
The BME was of course already 
existing in the ADAMS model of the 
whole launcher. It was represented by a 
PART (a point with a mass and a 
coordinates system) associated with an 
influence coefficient matrix. This 
matrix gave the stiffness between the 
fixing points for the DAAR and the 
Vulcain engine.  
Most of the EPC components were and 
still are represented by BEAMs. This 
model is simpler than a Finite Element 
Model. BME PART was connected to 6 
struts    (on two sides), the Vulcain 
engine     (below), and the rear flange           
(above)   . Struts connect the BME to 
the solid propellant boosters (EAPs). 
Each of the two EAPs is circled by a 
ring called DAS    . The struts are fixed 
to the 2 DASs. The entirety {struts + 
D AS} is called D A A R. 

      Figure 14: Front view diagram of the EPC+EAP 
 
 
 
At both sides of the EPC (side Y and side YN), there are 3 struts. 2 of them are 
identical in size and mass (220.7 kg), whereas the 3rd one is smaller and weights 
132.5 kg. There are 2 D A A R PA R Ts: D A A R Y  and D A A R Y N, at each side of 
the EPC. Each DAAR PART is connected to 3 struts.  
 
 
 
 
 
 
 
 

 
 

Figure 15: Top view diagram of the EPC+EAP 
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Knowledge of the former model was essential and helped for the insertion of the 
flexible body in the whole model. Before substituting the former representation of 
BME by the new flexible body, it was essential to study in detail the links with 
other parts of the launcher such as the Vulcain engine en the boosters. 
Then, the previous BME model was substituted by a flexible body statement 
calling BME data. After the insertion, it was necessary to check that all these links 
were still present. After that, the ADAMS lift-off simulation could be run. 
 

5. Results 
 
Calculation of the flexibility matrix 
 
During the ADAMS static 
simulation, the value of each force 
was known, ADAMS/Solver just 
computed the value of each 
displacement. So it was then possible 
to calculate the flexibility matrix 
elements:  
 

 
Figure 16: Diagram of the BME 

  

  

Applied force Resulting displacement Calculated flexibility 
6 N       -3 m       Sxx = 2.7855. 10-9 m.N-1                  
3 N       -6 m Syy = 9.6658. 10-9 m.N-1 
3 N     -6 m Szz = 9.7560. 10-9 m.N-1 

 
 

In the technical report [10], the diagonal of the flexibility matrix is: 
 
Sxx = 2.78594. 10-9m.N-1; Syy = 9.66686. 10-9 m.N-1; Szz = 9.76018. 10-9 m.N-1 
Since the diagonal of the flexibility matrix for translation dof corresponds to the 
former results, we consider that the flexible body behaves correctly and decide to 
insert it into the whole model. 

 
 

ront  view  

y    z   

x   

Fz   

Fx   

Fy      
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5.1)   N11 strut  

 
These are the new results (blue curve), compared to the former ones (in red). 
Load on each strut has been studied. Here, only N11 
displayed. Similar results are obtained for the other struts. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 17: N11 strut's curve, in function of time 
 
After zooming in, oscillations of the dynamic curve appear clearly. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 
Figure 18: Zoom on N11 strut's curve 

zoom  ____  former  model  :  N11  strut  load  
-  -  -  -    new  model  :  N11  strut  load  
  

N11  Strut    ____  former  model  :  N11  strut  load  
-  -  -  -    new  model  :  N11  strut  load  

  

Establishment  of  Vulcain  thrust  on  a  quasistatic  manner  
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5.2)   Loads in the DAAV 
 
In the DAAV, curves of the efforts in the former and new model are similar. 
Representing the BME by a flexible body in the ADAMS program does not change 
the loads in the DAAV. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

 
Figure 19: loads in the DAAV, in function of time 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 20: Zoom in the load  

zoom  

____  former  model  :  loads  in  the  DAAV  
-  -  -  -    new  model  :  loads  in  the  DAAV  
  
  

____  former  model  :  loads  in  the  DAAV  
-  -  -  -    new  model  :  loads  in  the  DAAV  
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6. Discussion 
  
Results of the flexibility matrix, mass properties and modes show that the flexible 
body representing the BME is a rather good model. Curves of the efforts in the 
DAAV show similar results between the former model and the new one. Results 
such as frequencies, amplitudes are very close to results obtained with the 
equivalent model. This shows that the equivalent model was adapted.  
However, small distortions are noticed: curves of 
differences during the whole quasi-static period. It could be due to the changing of 
connections.  
Indeed, the substitution of an « equivalent model »  by a 3D flexible body involves 
many changes  in the model. In the BME case, connections with peripherical 
devices need to be cared of.  It involved to know  well this part of the launcher. In 
order not to forget or count twice mass 
important to know the former ADAMS model.   
Besides, insertion of a flexible body involves longer computational time. Inserting 
several flexible bodies would be computational time consuming 

 

7. Conclusion 
 

This internship permitted to prove that exporting and importing a flexible body 
from a PERMAS reduced model to ADAMS is possible.  The obtained results turn 
out to be accurate if compared to data given by the technical report and the results 
of the ADAMS simulations made with the former ADAMS model. Knowing this, 
it would be interesting to import from PERMAS a reduce model of the whole EPC 
and insert it into the ADAMS model. But it is only possible to compute 
deformations and loads at predetermined nodes. An industrial use of this method 
needs a good knowledge of the links between the inserted flexible body and the 
rest of the launcher and a serious preparatory work. 
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