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STRATEGIES FOR DYNAMIC MODELIZATION 

OF A HELICOPTER STRUCTURE 

Serge DURAND- Victor YANA 

AEROSPATIALE, HELICOPTER DIVISION 

ABSTRACT 

The modelling of complex structures such as helicopter 
fuselage is a key point since it is intended to achieve the 
dynamic adaptation with respect to the main excitations, to 
study the rotor-structure couplings and to make forced res
ponse calculations. 

An efficient dynamic model of a helicopter structure is not 
easy to define. This paper exposesa methodical approach 
based on three precepts : dividing difficulties, correlating 
the experience and simplifying the reality. 

This methodical approach was successfully applied to the 
ECUREUIL helicopter tail section. It looks to be promising 
for a quicker analysis and solution of the structural dyna
mics problems. 

INTRODUCTION 

The reduction of vibrations on helicopters involves three 
different actions : 

1. Dynamic optimization of the rotor blades 

2. Installation of efficient anti-vibration systems 

3. Dynamic optimization of the structure. 

Constant improvements were already made by Aerospatiale 
on the first two points during the last decade. 

It is now possible to obtain a good dynamic adaptation 
with respect to aerodynamic excitations. 

As regards the rotor-structure interface, the various resona
tor passive suspensions such as the SA RIB and its derivatives 
as well as the higher harmonic control look very promising. 

The work performed on the third point did not lead to 
results as satisfactory as for the first two points. 

It was therefore necessary to make a special effort to deal 
with the complex problem of the dynamic adaptation of 
structures. 

Considering the differences obtained during the previous 
studies between the results from calculations and the re
sults from tests, we re-examined our approach to the 
problem. 

Before coming to the heart of the matter, let us remind 
which are the major problems encountered in structure 
dynamics. 
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1 -STRUCTURE DYNAMIC PROBLEMS 

A helicopter rotor is a powerful source of vibrations. 

The harmonic excitations generated by the rotors lead to 
mechanical vibrations which affect the comfort of the pas
sengers and generate fatigue phenomena for mechanical 
parts. Moreover, these excitations may result in dangerous 
instabilities. 

Being famili~r with the dynamic characteristics of a rotor
craft structure is one of the keys to solving the vibration 
problems encountered on helicopters. 

The main structural problems are : 

1.2 - ROTOR/STRUCTURE COUPLING 

Secondly, knowledge of modal characteristics involves a 
study of rotor/structure couplings. 

This study is very important because the couplings could 
result in dangerous instabilities. 

For instance, the coupling between the first drag mode of 
the soft-in-plane tai! rotor blades and a mode' which affects 
the aircraft tail section. 

In this instance, it is important to have a good model of the 
tail section together with a simplified model of the front 
section. 

1 DYNAMIC ADAPTATION 
~ RESONANCE STUDY 

ROTOR/STRUCTURE COUPLING 
L_ STABILITY STUDY 

FORCED ;ESPONSE 

VIBRATORY LEVEL k DYNAMIC STRESS REDUCTION 

EXCITATipN FREQUENCY: fe W 
/ 

« 
NATURAL FREQUENCY: fn 

STEADY 

Fig. STRUCTURE DYNAMIC PROBLEMS 

1.1 - DYNAMIC ADAPTATION 

Firstly, DYNAMIC ADAPTATION of the structure as re· 
gards excitations generated by the main and tail rotors. 

It is a RESONANCE STUDY. 

Coincidence must be avoided between natural and excita
tion frequencies. If there is coincidence, then the mode 
shape must be examined to find out whether this mode is 
really excited. 

On a helicopter, the dominant excitation frequencies are 
produced by the main rotor and the tail rotor. When 
applicable, the excitation frequencies due to certain wea
pon systems must also be added. 

Dynamic adaptation not only concerns the overall aircraft 
in flight but also the different optional equipment installa
tion configurations and also the hydroelastic problems 
associated with structural fuel tanks. 

OROTOR 

O{o 

STRAIN ENERGY 

KINETIC ENERGY ELEMENT 
NUMBER 

Inaccuracy of the predicted stability depends, among other 
things, on the quality of the modal computation. 

1.3 - FORCED RESPONSE STUDY 

The third main problem is the forced response study. 

This computation is indispensable for dynamic optimization 
of the structure. 

It is also indispensable for optimizing the setting of the sus
pension between the rotor and the structure (e.g. SARI B), 
particularly for excitations such as bending moments gene
rating pitch movements and shear loads, which both have 
significant effects on the cabin vibration level. 

In paragraph 5.2 it will be shown that by considering the 
location, the direction and the excitation frequency, histo
grams of the strain or kinetic energy distribution can be 
drawn up for each finite element. 
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The list of vibration problems encountered on a helicopter 
structure shows how important it is to have a good dynamic 
model of the structure. We hope that this will be achieved 
by using an appropriate strategy. 

2 -STRUCTURE DYNAMIC COMPUTATION 

The finite element method is currently used when designing 
a structure as complex as that of a helicopter, from a dy
namic standpoint. 

The principle of this method is to use a discrete displace
ment field with subregions and to reconstitute the complete 
region using interpolation functions. 

This is a discrete approach to a continuum problem. 

The code used by the Helicopter Division was developed by 
the University of Liege (Belgium) and is known as SAMCEF 
1*1. 

The stiffness matrix K is obtained from the strength of 
materials law. The mass matrix M is obtained from the solid 
mechanic's law. This matrix may be diagonal, a lumped mass 
matrix, if the mass is distributed on the grid nodes, or a 
consistent mass matrix if an interpolation function is used 
to distribute the mass. 

The damping matrix D is obtained from the energy dissipa
tion law ; damping can be introduced in different ways 
(proportional, modal, per element, per dash pot). 

The three main computations covered in dynamics are 
modal analysis, harmonic analysis and transient analysis. 

2.1 -MODAL ANALYSIS 

This computation leads to the knowledge of the modal 
scheme natural frequency, mode shape and generalized 
mass. 

It consists in solving an eigenvalue problem in the form of 

The originality of SAMCEF lies in the resolution method 
used (Ref. 1) : The Lanczos algorithm which works on 
the complete system outside central memory and eliminates 
the condensation stage, for a lower cost. 

The method has been considerably improved to overcome 
the standard defects of the algorithm 

- non-detection of rigid modes 
reorthogonalization at each iteration 

skipping certain eigenvalues 
restart procedure of the starting random vector 

appearance of spurious solutions 
error bounds calculation 

(8) Systeme d'Analyse des Milieux Continus par Elements 
Finis {Continuous medium analysis system using finite 
elements) 

2.2 - HARMONIC ANALYSIS 

Here it is a question of the forced response {i.e. after disap
pearance of the response due to the initial conditions) to a 
harmonic excitation calculated for a certain excitation 
frequency. 

The fundamental dynamic balancing equation is expressed 
as : 

where 

q 

F 

complex displacements vector 

excitation force 

The solution is obtained by modal superposition (Ref. 2). 

2.3 -TRANSIENT ANALYSIS 

This analysis concerns a response to an excitation known in 
time in a deterministic manner. 

The fundamental equation is expressed as 

The solution is obtained by modal superposition or direct 
integration \Ref. 2). 

3 ·DYNAMIC MODELIZATION STRATEGY 

An efficient dynamic model of the structure is not easy to 
define ; it is only with a certain amount of difficulty that 
a working knowledge of the dynamic characteristics of heli
copter structures has been obtained over the past ten years. 

These difficulties stem mainly from problems inherent to 
the modelization of junctions between the various substruc
tures and their significant effect on modes as well as from 
problems inherent to the characteristics of the new materials 
used in the aeronautic field ; from problems inherent to 
the fluid/structure interaction in structural fuel tanks that 
take a significant amount of the overall helicopter volume, 
and this mainly on small aircraft ; and finally from pro
blems inherent to modular design of small aircraft, e.g. 
bubble type cabin. 

Difficulties encountered led us to adopt a systematic ap
proach. Our strategy thus rests on three precepts : 
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I "DIVIDE DIFFICULTIES~ 11"CORRELATE WITH TEST" lii"SIMPLIFY REALITY" 

BY SUB-STRUCTURE 

INDEPENDENTLY OF JUNCTION CONDITIONS : -:1 - . 
------------------

• ,. 
SUB-STRUCTURATION 

RETAINING 
PHYSICAL CONSIDERATIONS 

11-2 

Fig. 2 DYNAMIC MODELIZA TION STRATEGY 

3.1 - DIVIDE DIFFICULTIES 

Given the modular character of a helicopter fuselage, it can 
be broken down into a certain number of substructures. 

Dividing the difficulty consists in dealing with the follow
ing problems separately : 

1. Is the substructure correctly modelized ? 

2. Is the junction between different substructures correct
ly modelized ? 

For this, experimental correlations are performed without 
reference to the boundary conditions then the links are 
identified. 

3.2 - CORRELATE WITH TEST 

Experimental correlations are indispensable to obtain a 
reliable finite elements dynamic model with which niodifi
cations can be suggested with a certain degree of confidence 
during the development phase. 

Experimental correlations are performed substructure by 
substructure with a final correlation for the complete 
structure. 

The model is thus validated for each substructure indepen
dently from the links between substructures. 

\. 
MINIMIZING THE NUMBER 

OF D.O. F. IN A PREDETERMINED 
FREQUENCY BANDWIDTH 

3.3 - SIMPLIFY REALITY 

In spite of the increased power of computers, computation 
times increase very quickly with the number of degrees of 
freedom, particularly in modal analysis when the resolution 
of the eingenvalue problem (kq = w 2 Mq) takes three to 
four times longer than the resolution of a linear system 
(kq =f) in standard static analysis. 

The constant concern of dynamics analyst shoult be the 
minimization of the number of degrees of freedom ( 1) in a 
given frequency bandwidth or for a given number of modes. 

The action consists, from a grid which is tbo fine (e.g. a 
grid designed for a static computation) in gradually redu
cing the number of degrees of freedom by siMplifying the 
grid, until a significant natural frequency gap is obtained. 
This action is of course only effective in a given frequency 
bandwidth. 

It may be applied quite easily with the help of the facilities 
provided by the GRATIS (2) automatic grid preprocessor 
developed at Aerospatiale's Marignane works. 

The two-fold advantage of this precept is the reduction in 
computer costs but also the model utilization flexibility in 
particular for the forced response and parametric studies. 

(1) For simplification purpose, degree of freedom is abbre
viated as d.o.f. 

(2) G.R.A.T.I.S. : Generateur Rapide Automatique par 
Technique lsoparametrique (lsoparametric Technique 
Fast Automatic Generator) 
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4 -APPLICATION TO THE ECUREUIL 
HELICOPTER TAIL SECTION 

These strategies were applied to the tail section of the 
ECUREUIL helicopter. This choice was dictated by the 
availability of the elements for tests and mainly by the fact 
that tail sections of helicopters excited both by the main 
and tail rotors are at the centre of many dynamic problems. 

4.1 - SUBSTRUCTURATION 
-. 

UPPER VERTICAL Fl~ 
TAll. BOOM CONE 

C4i¥i t! b 
LOWER VERTICAL FIN It ~STABILIZER 

Fig. 3 SUBSTRUCTURA TION OF THE ECUREUIL 
HELICOPTER TAIL SECTION 

The tail section was divided into the following substructures 
in accordance with our strategies 

Horizontal stabilizer 

Lower fin 

Upper fin 

Tail cone 

4.2 - EXPERIMENTAL CORRELATION FOR THE 
HORIZONTAL STABILIZER 

For practical and test control reasons, the experimental 
correlation was performed under «free-free» boundary 
conditions. 

Fig. 4 HORIZONTAL STABILIZER VIBRATION 
TEST 

It was decided that we should limit ourselves to the first 
two natural modes. 

Resetting was carried out by action on the Young's modu· 
Ius E and on the pressure coefficient 'Y· 

The correlation is excellent both in mode shape and natural 
frequency. 

SECONDo TD~SIOHAL MODE 

UST: tllll!o 

COMPUTATION: COMPUTATION: 

PRE·CORRELATIOH : G7.a 1!1 

POST·CORRELATlOH ' 5-4.1 1!1 

PRE·COIIRELATlON : 92 1!1 

POST·CORRU.O.TlOH: A.B 111 

Fig. 5 CORRELATION OF THE FIRST TWO 
MODES 

The reset model will favour the action of minimizing the 
number of degrees of freedom with other boundary condi
tions. 

4.3 - MINIMIZING THE NUMBER OF DEGREES OF 
FREEDOM 

Minimization was achieved under the boundary conditions: 
«simply supported at tail boom junction points» nearest 
reality. It should be noted that minimization is valid only 
if it is achieved under realistic boundary conditions. 

In fact, if minimization were achieved in «free-free» boun
dary conditions, the final model could have proved not to 
be satisfactory for the boundary conditions on aircraft. 
Choosing the boundary conditions is therefore essential, 
since according to the selection, a single area may contri
bute to either the kinetic energy or the strain energy. 

The minimized model includes 772 d.o.f. for an original 
model of 1361 d.o.f. 

OPTIMAL MODELIZATION REFERENCE MODEUZATION 
JNTIIE FREQUENCY AFTER EXPERIMENTAl. 

BANDWIDTH OF INTEREST CORREI.ATION 

Fig. 6 MINIMIZING THE NUMBER OF d.o.f. 
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4.4 - ASSEMBLY AND LINKS PROBLEMS 

After experimentally correlating (precept 2) and minimizing 
each of the substructures (precept 3), they were assembled 
to obtain a complete model of the entire Astar tail struc· 
ture. 

In accordance with our strategy, a tail boom assembly 
modal identification test was conducted. 

The correlation between the experimental and computed 
modes may be examined. 

The results are given in the first two columns of Figure 

As a rule, the correlation is not very good for the modes in 
general. 

For example, the first vertical bending mode, computed at 
10.3 Hz was found at 8.5 Hz by testing ; the third mode, 
computed at 18.5 Hz was found to be 16Hz by testing. 

When examining the shape of this mode !Figure 9) it is 
noted that there is a very large movement of the fins. 

Given that assembly modes are poorly correlated whereas 
those of the substructure correlate very well, the problem 
can only be one of links. The difficulty has been divided 
IP recept 1 ) . 

We have adopted a static approach to the problem of link 
modelizations, based on two complementary techniques : 

1) Fine modelization of the link areas from which a sim
ple equivalent modelization is derived. 

2) Obtaining equivalent modelization from static tests. 

This approach is adopted with a view to simplifying reality 
!precept 3). 

We shall consider technique No.2 using the example of the 
tail boom/wall link. 

In reality there is a certain flexibility in the clamping achie
ved for the test. 

In order to identify this fitting flexibility, which is as it 
were a link stiffness, a static test was conducted and the 
elastic lines were recorded using dial indicator gauges for a 
vertical, then a lateral load at the end of the cone. 

Fig. 7 TAIL CONE STATIC TEST 

The deflections measured were greater than those computed 
on the «as clamped» supposition. 

When the measured deflection is subtracted from the com
puted deflection, the difference is I inear. 

INITIAL 
MODELIZATION 

STATIC DEFLECTION 

I+J 

EQUIVALENT 
MODELIZATlON 

AFTER STATIC TEST 

Fig. 8 : IDENTIFICATION OF WALL·CLAMPING 
FLEXIBILITY 

The slope value is the same for the vertical load test as for 
the lateral load test. 

The difference CANNOT stem from an overall modelization 
error (e.g. too high a Young's modulus) since the tail boom 
has already been subjected to an experimental correlation 
in modal analysis, under «free-free» boundary conditions. 

It can ONLY be a question of fitting flexibility. 

It can be modelized simply by a flexural spring at the cone/ 
wall junction. 

The junctioning conditions have also been modelized for 
the stabilizer/cone, fins/cone and skid/lower fin junctions. 

OVERALL RESULTS 

Once the link stiffness has been readjusted the experi
mental correlation is EXCELLENT in the selected frequen· 
cy band 15 · 45 Hz). i.e. for the first eight modes, both in 
natural frequencies and mode shape. 

NOTE : For quantification of the difference between 
measured and calculated mode shape through 
single scalar : 

ABSOLUTE MEAN DEVIATION : 

mi = -1
-· ~ Y,qij measured - qij computed I 

n J=:l 

STANDARD DEVIATION : 

n 
L:: 
j I 

r----------------. 
(qij measured - qij computed) 

where qij is the jth component of mode Number i. 
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MODE SHAPE 

N 

'· 
2. 

3. 

'· 
5. 

6. 

7. 

8. 

Fig. 9 

MODE 1 

L. 
Fig. 10 

' 

L. 
Fig. 11 

EXPERIMENTAL 

8.5 

9.6 

"· 
25.1 

non identifiod 

29.6 

33. 

39.6 

NATURAL FREQUENCY { H2 ) 

COMPUTED 
BEFORE 
JUNCTIONS 
CORRELATION 

10.3 

11.7 

18.5 

26.2 

29.5 

32.7 

37.7 

44.1 • 

DEV. 

14 Ofo 

18 Ofo 

14 Ofo 

4 Ofo 

9 Ofo 

12 Ofo 

COMPUTED 
AFTER 

JUNCTIONS 

' 

8.6 

9.5 

"· 
25.1 

28.1 

29.7, 

33.1 

42.3 

1 Ofo 

1 Ofo 

6 Ofo 

0.4 Ofo 

0.3 Ofo 

0.3 Ofo 

6.4 Ofo 

OVERALL RESULT BEFORE AND AFTER 
JUNCTION RESETTING 

-- COMPUTEOMOOESHA~E 

---- EXPE~IMEIITALMOO£$HilPE 

COMPUTED FI\EOUENCV ~ U II< 

EXPEAIMENTAl fi\£0UEIICV= 3.5 H • 

MODE SHAPE COMPARISON 

Sl.o.NOARO DEVIATION "'0.024 

AIISO!.liTE MEAN OEVIATI~=O.o:H 

-- COMPUHD MODE SHAPE 
---- fXPERIMENTALMDOESHAPE 

COMPUTED MOPE $HAP£ =~.5Ho 

EXPERIMENTAL MODE SHAPE=UII< 

MOOE SHAI'E COMPARISO"; 

SU.IIOARD OEVIATION,.0.087 

A!ISOLUH MEAN OEVIATION.,O.!W 

MODE 3 

' L. 
Fig. 12 

MODE 4 

·F L, 

' 

L. 
Fig. 13 

MODE 5 

·E L. 

' 

L. 
Fig. 14 

MODE 6 

' 

L. 
Fig. 15 

71 . 8 

- COM!'UHOMODESHAPE 

---- EXPERIM!;NTAL MODE SHAPE 

COMI'UHO fREOUENCT. 17.11< 

EXI'f.IIIMENTAL f~EOUEIICYg 18.1<< 

STNIOAROOEVIAT!OII =0.011 

ABSOLUTE MEAN DEVIATION"' o.oe:z 

COMPUTEOMOOE SHA~E 

EXPERUdEtiTAL MODE SHAPE 

COMPUTED FIIEOUENCY,171Ho 

EXPERIMENTAL FREOUENCV:1~\H< 

MODE SHAPE COMPARISON 

STANOMOOEVIATIOII= 11.007 

Al!l;OLOTE MEAN DEVIATION= O.OO;J 

-- COM~UHOMOOESHAPE 
NON IDENTifiH>UV EXPERIMENTATION 

COMPUTED FREOUENCVo28.lH< 

- COM!'UT£0 MODE SHAPE 

---- EXPERlMENTALMOOESI!ilPE 

COMPUTED FRE(1JENCY=;I!I.7Ho 

j EX~EAIMENTAL FIEOUENCY:l9.SI!o 

MOOE SHilPE COMMRISOII; 

STilNDARO O[VIUI~ "' O.Ol 

AIISOLUTE MEAN DEVIATION::: 0.101 



MODE 7 

, F· 
L, 

Fig.16 

MODE 8 

- COMI'VTEt>MOCIESHAl'E 

---- E»ERIMEP<TALMOCIE$HAPE 

COMPUTED Ff\EOUENCY:oU H.l 

~Xl'ERIMEP<T.o.l fnEOUE!ICY=:J:I.1H• 

-- COMfUTED MODE $HAl'E 

------ ~JIPEIIIMENTAL MODE SH~P~ 

, E:· :: ::: :0::: 
L, 

L, 
Fig. 17 

5 - VIBRATION PROBLEMS 

5.1 - RESONANCE STUDY 

COMPUTED fiiEOliENCY~UH1 

EXPERIMENTAL FREQUENCY ~3UH1 

MOOE SHAPE COMMAISON 

STANOAOOOEVIATION, 0.028 

AB$0LUTE MEAN DEVIATION= C.CII 

We have a good model of the whole ECUREUI L tail section 
for a wide frequency bandwidth. 

For convenience and test control purposes, the modal tests 
were conducted without the transmission assemblies. 

By integrating tail rotor drive shaft, tail gearbox and tail 
rotor to the model, the dynamic adaptation of this section 
can be examined for excitation frequencies of 34 Hz (tail 
rotor unbalance) and 38.3 Hz (main rotor 6 .Q). 

DRIVE SHAFT 

Fig. 18 

TAIL ROTOR 

MODAL ~ 
ANALYSIS v 

MODEN. 

' 7 
8 

NATURAL 
FREQUENCY 

26.6 
- 30,2-
---34-:9-

RESONANCE STUDY OF THE ECUREUIL 
TAIL SECTION 

It can be noted that there are resonance hazards on the tail 
rotor unbalance excitation. 

Considering the density of modal base in this area, we stu· 
died the modification possibilities using a forced response 
calculation. 

5.2 - FORCED RESPONSE STUDY 

5.2.1 - Forced Response Strain and Kinetic Energy 
Approach 

This approach aims at reducing overall structure vibration 
by taking into account the response participation of all 
modes for a particular load application at a particular fre
quency and during one period (Ref. 3 and 4). 

It is assumed that the structural elements having the highest 
value of strain or kinetic energy are indicative of the best 
candidates for structural modification or mass displace
ment. This method was developed by SCIARRA of BOEING 
VERTOL. 

The expression for the maximum damped forced response 
element STRAIN energy within a period is : 

The expression for the maximum damped forced response 
element KINETIC energy within a period is : 

Elements with the highest energies indicate those that are 
the most responsible for the structural dynamic amplifica
tion. 

The forced response strain energy approach gives direct 
information at the specific excitation frequency of interest. 

5.2.2- Forced Response of the ECUREUIL Helicopter 
Tail Section 

The method exposed above will be a valuable aid to study 
the problem regarding the tail section of the ECUREUIL 
helicopter as excited by the tail rotor unbalance. 

The unbalance excitation is still present on the aircraft 
since balancing the ECUREUIL tail rotor is a particular· 
ly delicate operation. 

The unbalance excitation is simulated at tail rotor by the 
exciting force forces and moments 

FY = FO 

FZ = FO 

sin (QTR t) 

sin (.QTRt- TI /2) 

with QTR =Tail rotor circular frequency 

Examining the histograms obtained by the «Forced Res
ponse Energy Method» shows that the elements of the 
horizontal stabilizer-tail boom junction area represent 7% 
of strain energy. 
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Fig. 19 FORCED RESPONSE STUDY OF THE 
ECUREUIL TAIL SECTION 

CONCLUSION 

The modelling of complex structures such as the helicopter 
fuselages is a KEY point since it is intended to achieve the 
dynamic adaptation with respect to the main excitations, 
to study the rotor-structure couplings and to make forced 
response calculations. 

In the past, this type of modelling raised numerous diffi
culties. 

It was necessary to deal with the problem methodically. 

We therefore wanted to establish a method based on three 
precepts dividing the difficulty, correlating the expe
rience and simplifying the reality. 

Softwares were also developed to ease the analysis in forced 
response mode. 

We applied our approach to an example the tail section 
of an ECUREUIL. 

First, our modelling led us to a very good correlation bet
ween natural frequency modes as measured and calculated 
in a particularly rich mode base (nine modes). 

Then, the quality of the mode base allowed us to make for
ced response calculations and to find by the «Forced Res
ponse Energy Method)) a solution to a problem of unbalance 
excitation issued from the tail rotor. 

It seems appropriate to reinforce this area, which was 
achieved by replacing the material. The forced response 
calculation at iso-excitation shows improvements. The 
modification resulted in a 34 Hz vibration level as divided 
by 1.6 at the tip of horizontal stabilizer. The total strain 
energy was divided by 3. 

The modification is embodied in production aircraft ; it 
allowed improving the fatigue strength of the ECUREUI L 
tail section. 

The results look PROMISING. 

They tempt us to apply our approach to the more ambi
tious problem of the dynamic optimization of a complete 
helicopter structure. 

In this view, an appreciable structural weight saving can be 
envisaged (from 2 to 5 %) owing to - for example - either 
the elimination of structural reinforcements due to a poor 
dynamic adaptation or the elimination of cabin anti-vibra· 
tors then becoming of no use. 

We can now envisage a quicker analysis and solution of the 
structural problems encountered during the development 
phase of a helicopter. 

In this view, it should be noted that this general study of 
the ECUREUIL tail section sub-structures will be used for 
any similar aircraft for which the application is lighter since 
it takes advantage of the experience acquired. 

The progress made in the dynamic optimization of structu
res owing to the strategy and the tools exposed above, asso
ciated with the recent improvement achieved both in the 
suspensions between the rotor and the structure and in the 
dynamic optimization of the blades, would result, in a near 
future, in a significant improvement of the vibratory level 
on helicopters. 
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SYMBOLS 

K Stiffness matrix 

M Mass matrix 

D Damping matrix 

w Circular frequency 

q Structural displacement response vector 

F Applied force 

t Time 

R Real component of element displacement's res· 
ponse vector 

Imaginary component of element displacement's 
response vector 

K
8 

Element stiffness matrix 

M
8 

Element mass matrix 

E
5 

Strain energy 

Ek Kinetic energy 

Superscripts 

T Matrix transpose 

Time derivation 
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