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ABSTRACT

The theoretical bases of the finite elements method are now
well established and many large and general programmes are
available on the market.

Many drawbacks remain however and this method is not
yet quite successful.

Finite elements method implementation i.e. :

Preparation of models

Optimization of calculations with increasingly powerful
computers

Interpretation and utilization of results
are the main drawbacks.

This method originally developed by design engineers was
adopted by mathematicians who laid the thecretical found-
ations ; it is now time to put it into practical form to have
it used by engineers.

The finite elements method may be put to many uses and
should become truly operational in the Design Office.

Our convictions and explanations as to how we introduced
this method in our Design Office are exposed in the confe-
rence.

We present in particular :

— The mesh generator we have developed.

— The liaisons between finite elements and Computer As-
sisted Design {CAD).

As far as aeronautics are concerned, the finite elements
method was first applied to structures (fuselage).

Advanced calculations and a fatigue analysis are most often
required on the mechanical components (transmissions,
rotor) of a helicopter ; we have devoted many efforts over
the last few years to the application of the finite elements
method to transmission assembilies.

The various types of calculations used in this field are rapidly
presented -

— Stamped shell type structures

— Axisymmetrical structures, structures with cyclic sym-
metry

— Pure tridimensional structures,
For maximum efficiency, we believe that the finite elements

method must be applied as soon as possible in the design
stage.

Concrete examples of this application are presented :

-~ AS 366 G Tail Rotor Hub
AS 365 Main Rotor Mast
AS 332 Spherifiex Hub.

i

t is demonstrated that design, testing and manufacturing
costs can be reduced in the exampie quoted above.

1— INTRODUCTION

The calculation of structures in the variocus engineering
fields is currently posing problems that are becoming in-
creasingly numerous, varied and even more and more com-
plicated because with the development and improvement of
the calculation systemns, the requirements in the search of a
more accurate estimate, a finer interpretation and a more
extensive resolution of the problems, also increase, with a
view 1o obtaining a better optimization and an increased
safety.

It can even be stated that there are many subjects that no
one even dared to approach, in the strong and a priori be-
tief that they would remain unanswered.

90-2



In the field of helicopters, we would mention, incidentally
the calculations of structures made of composite materials,
stress analysis in mechanical parts of complex shape to faci-
titate fatigue calculations.

The Finite Elements Method {FEM) has progressively be-
come a standard tool in the calculation of structures.

The theoretical bases have long been established, and the
arrival of powerful computers on the market has allowed
developing many general purpose programs.

It is now an acknowledged fact that this method constitutes
the first link that has been developed in the complex chain
of computer aided engineering.

The FEM, however, remains a complicated and costly tool.
This is why the implementation of such a tool in a truly
operational manner, has now become a top priority.

We firmly believe that this task is the responsibility of the
manufacturers. Our beliefs regarding the industrial organi-
zation of the FEM will be developed in the present paper.

We shall endeavour to Hiustrate our account by presenting a
few practical applications.

2 _ SCOPE OF FINITE ELEMENTS TODAY

The answers expected from FEM are varied, however, they
can be gathered together in 2 families.

1. Caleulations for facilitating the final substantiation

They are used at the final stage of the project, when di-
mension values have already been chosen, and the re-
sults obtained are utilized as an a posteriori verification.

The FEM is used in this manner from the outset, and
the limits of such an utilization have been explained.

The results are obtained when it is often too late to
modify the dimension values. In certain cases, some test
results are available and attempts are then made to re-
produce these results by calculation. This is sometimes
difficult since the conditions of a test cannot always be
simulated on a model.

This use of FEM is somewhat static and progressively

we tried to meet the second family of requirements.

2. Caleulations for aiding the design

These calculations represent a much more dynamic uti-
lization of the FEM and are certainly paving the way of
the future for this method. Here the calculations are
used for :

@ Classifying various technological solutions

¢ lllustrate the effects of such or such design para-
meter.

Here, the FEM constitutes a link in the design chain
that can be represented as follows

@ Project (pre-dimensioning)
® FE calculation
@  Analysis of results, discussion

@ Modifications, effects on drawing.

This scheme, applicable to a project or a part of a pro-
ject, may require the execution of a great number of
iterations within a very short time.

To meet these requirements, a new type of organiza-
tion which will be described in the following part, must
be adopted.

For this type of caloulations, 2 qualities are essentially
required.

a. Confidence in the results

It should be pointed out, here, that confidence
does not necessarily mean that very accurate results
in absolute value are sought. A simple example show-
ing the impossibility of obtaining a great accuracy is
given below. This example reflects the simulation of
the rest of a pinion on a support bearing.

FALSE
SUPPORT

TRUE

SUPPORT PINION

GEAR WHEEL

|
|
|
|
|
|

Let us examine the problem of the F axial load
from the adjoining wheel. The structure is treated as
an axi-symmetrical case, with non axi-symmetrical
loads (expanded as Fourier series).

At 8 = 0, under the F load, we obtain support reac-
tions R1=> 0 that are physically correct.

At 8 == IT, we also obtain R2 support reactions that
have no physical significance due to the backlash
between the bearing and the pinion.

In consequence, when we refer to the confidence in
the results, we do not necessarily mean accuracy.
We want to have a tool that gives us, with certainty,
the possibility of identifying the critical points to
allow separate classification of different solutions.

b. A very short response time

The response time of FEM must be the same time
taken for self-interrogation by the designer. If not,
the designer will be tempted to use canventional and
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therefore more approximate calculations. To obtain
a satisfactory response time, a new type of organi-
zation, specific of industrial field, must be adopted
for FEM. This type of organization is detailed in the
following part. :

3 — ORGANIZATION OF FINITE ELEMENTS IN THE
INDUSTRIAL FIELDS

Only the point of view of the industrial user who whishes
to use the FEM as a design aiding tool, is presented here.

The main ingredient in the organization Is, of course, the
program itself.

A good quality program must be available. This require-
ment is the easiest to be met, as a large number of good
programs are now available on the market.

These programs have been developed either in major univer-
sities :

o University of California (SAP program)

@ Massachusetts institute of Technology (ADINA program)
@ Brown University (MARC program)

¢ University of Stuttgart {ASKA program)

or in major Research Centers :

NASA {(NASTRAN program}

The technical level reached by these important programs is
such that it is useless {because too expensive) for a manu-
facturer to undertake the drawing up of his own program.

One of these programs must be selected and adhered to, be-
cause as it will be seen later in this paper, the organization
efficiency depends on a good knowledge of the internal
functioning of the program.

Moreover, an attractive program handled and developed by
a dynamic team, must be selected whenever possible.

For our part, we have been using for & years the SAMCEF
program, developed at the University of Liege {Belgium)
from 1970 and being continuously expanded ever since.

This program covers all the branches of the Structure Me-
chanics Static, free and forced dynamic analysis in the
linear and non-linear elastic field.

A contractual maintenance system was jointly developed
with the authors that includes :

@ Technical assistance service

¢ Regular maintenance of the program by creating new
versions at a yearly rate.

As regards the organization we are convinced of the follo-
wing. Whatever the calculation program used and whatever
its efficiency, [ts industrial interest will remain almost
inexistent if it is not backed by a series of satellite programs
ensuring its communication with the users.

This essential requirement is the most difficult to meet,
since universal communication programs are not available
on the market.

This ¢an be explained by the fact that communication with
the calculation program is closely dependent on the specific
requirements of each industrial field.

It is, therefore, the responsibility of each group of users to
create the communication tools around his program.

We have been using our best endeavour to this end for several
years, and this has resulted in an organization as presented
in the form of a diagram in Figure 1.

Among all the communication satellites, the Mesh Generator
is the most important, since the creation of the mesh re-
mains the most delicate phase of a calculation by FEM.

The quality of the results depends on the mesh.

The model representation technique is not a branch that is
currently being tought and, therefore, remains an «art»
based an the experience.

3.1 — The G.R.A.T.1.8. mesh generator

{Rapid and Automatic Generator by lso-parametric Tech-
nique).This generator has been entirely developed at Mari-
gnane by S.J.M. Achard

3.1.1 — Principle of operation

The nodes of the final mesh are created by interpolation on
the nodes of an initial mesh.

The initial mesh is to be prepared by the user. This initial
mesh is very coarse, it is made up of Super-Nodes and Super
Elements in number that is stricly necessary for description
of the geometry.

The fineness of the mesh is then controlled by the user by
means of several parameters.

Example of use for thin and thick structures are given in
Figures 2,3, 4 and 5.

For each Super-Element, the technigue consists in the use
of a geometrical transformation from the actual cartesian
space (x, y) into a parent space {r, s) where the local coor-
dinates are represented by — 1<rg~Tand — 1<s <~ 1.

Thus the cartesian coordinates of a point P (x, y) are ob-

tained as an interpolation on the cartesian coordinates of
the Super-Element nodes {xi, vi).

e %1
= {n}
y yi

The form functions (N} of this interpolation are expressed
in the parent space (r, s).
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Creation of a mesh for Super-Element number 2.

Assuming the following mesh is to be achieved :

@ 4 elements on the 1-2 boundary
o 2 elements on the 2-3 boundary

This comes to creating 37 nodes and 8 elements.

Each node can be obtained by using the interpolation des-
cribed above. Example : coordinate of node P

xp Xi
§ = o}
yp ' yi

with NpQ interpolation functions at point PQ where

r=.5ands=1.

All the nodes of this Super-Element can thus be automati-
cally created.

The same procedure is used for all the Super-Elements.

The mesh continuity is automatically ensured across the
boundaries between Super-Eiements.

The double nodes created at boundaries are eliminated.
When the Super-Mesh is built, the user supervises the mesh

construction by specifying the type of desired mesh on the
Super-Mesh boundaries.

The interpolation functions (N} are the same as those used
for interpolation of displacements field (lso-Parametric
elements}.

The interpolation functions can be achieved for any number
of variables, this is why the capacities of the GRATIS mesh
generator could be extended to :

@ 1-dimension structures (trusses and beams)

@ 2-.dimension structures in plane and space {plates and
shelis)

¢ 3-dimension structures.

3.1.2 — Performance of the mesh generator

1. Rapidity of execution

The programming adopted in GRATIS makes a wide use
of interactive graphic techniques.

The mesh is created by the user in a conversational mode
with the computer, For this, he has a large number of
function keys arranged on a keyboard menu.

The possibilities of instantaneous display allow develo-
ping the mesh within a very short time.

Some applications of the GRATIS system are presented
in Figures 8, 7, 8 and 9.

M

Multiple choice

Before accepting a mesh, the user can test a large variety
of meshes whithout difficulty.

in particular the assumedly critical areas can be refined
by means of the display systems (zoom, change in pro-
jection, ...}

In addition to the geometry, the GRATIS system allows
creating :

e Boundary conditions

@ Loads {distributed or concentrated)

@ Material properties.

3.2 — Link with C.A.D.
For several years, the Engineering Department has been
using C.A.D. systems such as CADAM (IBM} and SYSTRID.

The drawings obtained from these programs include all the
necessary data for constituting the Super-Mesh for GRATIS
{singular contour points, positions of circle centers, curve
intersections, ...}.

This is why it is the interest of FEM 10 take advantage of
this data to create the Super-Mesh.

This is possible, with a computer organization represented
in Figure 10.

In this case, all manual actions for the preparation of the
Super-Mesh are practically suppressed.
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4 — PRACTICAL APPLICATIONS

4.1 — Tail rotor hub — AS 365 N1

This is an example of close relation between dasign and cal-
culations.

The hub is a stamped shell made of AU4G1, intended for
joining the drive shaft of the 11 blades of the tail rotor.

The solution initially retained, resulted in fracture near the
tower edge of the hole in the external web.

1. First stage
Determining the origin of the failure.

The ealculation for this initial solution, revealed a static
stress concentration in the failure area.

A separate analysis of the loads applied, allowed de-
termining that high centrifugal loads generated by the
80 g bearing were involved.

2. Second stage

A series of modifications were then proposed with the
designers and immediately calculated.

The final solution retained allowed attenuating the stress
concentration and increasing the service life of this part.
(see Figures 11 and 12).

The choice of this modification could be determined in
4 days.

Buring this period, 10 modification solutions have been
tried and calculated.

The creation of the first mesh took 4 hours.

In this application, the following results were obtained
with FEM :

® Confirming the critical points
@ Allowing the drawing of a «dead sure» solution

® Avoiding the execution of many tests.

4.2 — Stresses modulation over 1 revolution for the AS 365
Main Rotor Mast

In this application, the FEM assisted in determining the mast
service life.

The purpose of this calculation is to determine the varia-
tions of the stresses generated in the mast during one rotor
reveolution, for 1R flap loading.

1. First stage

Determining the loads exerted by the Starflex hub on
the rotor mast plate.

For this, we developed a simplified mesh of «hub-masty
assemnbly. A half model was sufficient due to the loading
symmetry. {see Figure 13).

The Starflex hub material was represented by an equiva-
lent homogeneous material. Its mechanica! properties
have been adjusted in accordance with the results of
rotor arms bending tests, since in this case a correct re-
presentation of the assembly rigidity is sufficient (this is
not a stress analysis).

A load distribution representative of the actions of the
hub on the mast was thus obtained.

2. Second stage

The rotor mast could be isolated and a finer calculation
made on an axi-symmetrical model subjected to a non
axi-symmetrical loading.

The expansion of the loads in the Fourier series form,
has allowed obtaining the stresses exerted in the mast at
a given instant of the rotor revolution.

The nature of the 1R flap loading, leads to the following
remark.

+1

apltal o 8
AV AR
/UA(ta] +1 KJGA“M‘%E)

=1

SITUATION
1/4 REVOLUTION
LATER

CALCULATED
INSTANT (to)

The distribution of stresses at an instant located 1/4
revolution later is contained in the following calculation :

oA (1° + [I/2R}) = oB ({9

The answer to point A over 1 revolution is in the follo-
wing form :

oA = o°COS (Rt + 0 )
We know 2 points o A {t% and o A (t° + I/ 2R)
Thus, 0% and @ can be calculated for ali the rotor points.

In this way, we obtained the dynamic stresses generated
by this loading.
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4.3 — Calculation of stresses generated in the Spheriflex
Rotor Hub

This purely tri-dimensional calculation was made for the
following loadings :

@ Static loads

Centrifugal
- Lift

— Drag
Adapter load

@ Dynamic 1R and 2R loads

Centrifugal
— Flap

— Drag
Adapter load

I

The static and dynamic 2R loads have been calculated on a
1/4 model of the hub.

The dynamic 1R loads have been calculated on a 1/2 model
{see Figure 14).

The main useful purpose of these calculations was the pos-
sibility of verifying that no critical area existed in the hub,
and clearance for the first flights could be obtainad without
fatigue test.

At this stage, the calcuiations confirmed the critical areas
detected during the static photo-elastic test of the plate,
and did not detect any other areas.

The static substantiation was obtained by means of this
calculation.

Anocther application of this calculation was the assistance
offered in positioning the gauges for the calibration and
fatigue tests.

o Calibration test

FEM has aliowed pinpointing the areas where the un-
coupling of inter-forces is the best.

The gauges have been located in these areas.

@ Fatigue test

Stress modulations could be determined by this calcu-
lation (refer to the preceding application).

In consequence, gauges for monitoring these modulations
have been placed on the hub.

A comparison between tests and calculation is awaited.

5 — CONCLUSIONS

The opinion that one may have on the FEM is closely related
to the industrial operating conditions of this tool.

For too long, the disadvantages caused by the bulk of data
required for implementation of the method, have been used
for argument purpose.

Today, the main action to be conducted is the operational
organization of the tool within its industrial environment.

Once this task has been achieved, a list of the disadvantages
and advantages of the method can be drawn up.

® Disadvantages

— New problems associated with the ¢«model represen-
tationy.

The FEM is generally tought nowadays, but this is
not the case for model representation techniques. So,
building the model constitutes the main source of
errors, sometimes serious and difficult to detect.

—~ |llusion in thinking that anything can be calculated
by FEM.

The tool is very pawerful, it is capable of offering a
¢calculated solution» to a large number of situations.

The temptation of calculating «anything» at the cost
of irrealistic assumptions may be strong, although
«certain® results are sometimes obtained in this way.

© Advantages

Powerful, general and reliable programs are now available.
The FEM has allowed suppressing the usual limitations
imposed on the «structuresy calculations :

Limitations in the geometry, loading and boundary con-
ditions.

1t is now a proven fact that the FEM is capable of having
an impact on the design.

The main advantage, however, lies in a reduction of the
costs

— Regarding the design : by the possibility of quickly
comparing several solutions at the project stage.

— Regarding the tests : by assisting in an optimum lo-
cation of the measurement points, and thus, a reduc-
tion in the number of tests required.

90 -7



MESH
GENERATOR

LOAD CASES MATERIALS

PREPARATION @ DESCRIPTION
F.E.M.
PROGRAM
" RESULTS @

TREATMENT

GRAPHIC
DISPLAY
RESULTS

FIGURE T SATELLITES OF COMMUNICATION

90-8



-‘— .

M=

SUPER-MESH

MESH FINENESS 1

FIGURE 2

90-9

B = LT LS N -

— ek el kel
- LN -

O3 = O 1 S N -

30 NODES

GRATIS

16 NODES 4 ELEMENTS
6 FIXATIONS 1 PRESSURES
0 0,52860E-05 §

96.000 30000 0O

G=+80 Y
f=+90 I

y= 10 0 X

BATA FILE READING

DATA FILE STORAGE

DATA FILE EDITING

FEM FILE STORAGE

COMPACTED DATA FILE READING
COMPACTED DATA FILE STORAGE
MESH GENERATION

VOLUME GENERATION
GEOMETRIC MODIFICATION
MERGENG WITH A COMPACTED DATA FILE
DATA FILE DISPLAY

GRAPHIC DISPLAY SELECTION
CHARACTERISTIC INPUT

CHANGE IN PROJECTION
ZOOMING

PAPER PRINT

THE END

GRATIS

18 ELEMENTS
10 FIXATIGNS 2 PRESSURES

i) 0.52860E-05 ¢
90.090 0000 0
f=+80 Y
=490 l_
y=190 0 X

DATA FILE READING

DATA FILE STORAGE

GATA FILE EDITING

FEM FILE STORAGE

COMPACTED DATA FILE READING
COMPACTED DATA FILE STORAGE
MESH GENERATION

VOLUME GENERATION
GEOMETRIC MODIFICATION
MERGEING WITH A COMPAGTED DATA FILE
DATA FILE DISPLAY

GRAPHIC DISPLAY SELEETION
CHARACTERISTIC INPUT

CHANGE IN PROJECTION
Z0OOMING

PAPER PRINT

THE END



MESH FINENESS 2

MESH FINENESS 3

FIGURE 3

90- 10

GRATIS

275 NOBES 116 ELEMENTS
31 FIXATIONS 4 PRESSURES
] 0.52860E-05 0

WO~y =

508 NODES
45 FIXATIONS

[T - B R R

90.000 30000 O

G=+80 Y
B=+90

y=10 t X

DATA FILE READING

DATA FILE STORAGE

DATA FILE EDITING

FEM FILE STORAGE

COMPACTED DATA FILE READING
COMPACTED DATA FILE STORAGE
MESH GENERATION

VOLUME GENERATION
GEOMETRIC MODIFICATION
MERGING WiTH A COMPACTED DATA FILE
DATA FILE DISPLAY

GRAPHIC DISPLAY SELECTION
CHARACTERISTIC INPUT

CHANGE IN PROJECTION
ZOOMING

PAPER PRINT

THE END

GRATIS

147 ELEMENTS
8 PRESSURES

0 0.52860E-05 0
90000 20000 O

6=+90 ¥
I

B=+80

y=10
DATA FILE READING
DATA FILE STORAGE
DATA FILE EDITING
FEM FILE STORAGE
COMPACTED DATA FILE READING
COMPACTED DATA FILE STORAGE
MESH GENERATION
VOLUME GENERATION
GEQMETRIC MODIFICATION
MERGING WITH A COMPACTED DATA FILE
DATA FILE DISPLAY
GRAPHIC DISPLAY SELECTION
CHARACTERISTIC INPUT
CHANGE IN PROJECTION
ZOOMEING
PAPER PRINT
THE END



SUPER-MESH

ro

MESH FINENESS 1

-,
AT

TRy

N,
AN

¥

N
4
£10

-

RX

I
A
AN

N

A
N

N\

,A
I
SN,
=
AN

\“.V
L ‘\v
U
AVAYAS
\‘\3!3
ASS
N

VA

L\

\;/
-

AV

N,

FIGURE 4

90-11

[I=I R I L P N

D 00 S DD LTt M) ma

GRATIS

76 NOBES 15 ELEMENTS
32 FIXATIONS 2 PRESSURES

4.0000 0.23321E-05 5.00600 -

250400 45,000 40.000
8=+30 z Y
B=+an 0
¥=10 M

DATA FILE READING

DATA FILE STOBAGE

DATA FILE EDITING

FEM FILE STORAGE

COMPACTED DATA FILE READING
COMPACTED DATA FILE STORAGE
MESH GENERATION

VOLUME GENERATION
GEOMETRIC MOBIFICATION
MERGING WITH A COMPACTED DATA FILE
DATA FILE DISPLAY

GRAPHIC DISPLAY SELECTION
CHARACTERISTIC INPUT

CHANGE IN PROJECTION
ZOOMING

PAPER PRINT

THE END

GRATIS

539 NODES 76 ELEMENTS
105 FIXATIONS & PRESSURES

440000  0.23321E-D5  5.0000
25.000 45,000 40.209

g=-120 z
p=+a0 Y>Iu
Y= 10 X

DATA FiLE READING

DATA FILE STORAGE

DATA FILE EDITING

FEM FILE STORAGE

COMPACTED DATA FILE READING
COMPACTED DATA FILE STORAGE
MESH GENERATION

VOLUME GENERATEIQN
GEQOMETRIC MODIFICATION
MERGING WITH A COMPACTED DATA FILE
DATA FILE DISPLAY

GRAPHIC DISPLAY SELECTION
CHABACTERISTIC INPUT

CHANGE IN PROJECTION
ZOOMING

PAPER PRINT

THE END



GRATIS

§11 NODES 112 ELEMENTS
130 FIXATIONS 12 PRESSURES

40000  0.23321E-05  5.0000
25,0090 45.000 40.210

0=-30 b4

;3'__"+3|3 )U\
y=10 Y
EL @1.00 X

DATA FILE READING
DATA FILE STORAGE
DATA FILE EDITING
FEM FILE STORAGE
COMPACTED DATA FILE READING
COMPACTED DATA FILE STORAGE
MESH GENERATION
VOLUME GENERATION
GEOMETRIC MODIFICATION
10 MERGING WITH A COMPACTED DATA FILE
11 DATA FILE DISPLAY
/ 12 GRAPHIC DISPLAY SELECTION
13 CHARACTERISTIE INPUT
14 CHANGE IN PROJECTION
15 ZOOMING

MESH FINENESS 2 16 PAPER PRINT
17 THE END

€O~ oW B ) N

GRATIS

2834 NODES 440 ELEMENTS
520 FIXATIONS 48 PRESSURES

21.000 45.000 5.0000
21.000 45.000 40.210
8--2

5 z

=+30

y=10 )0\‘,
EL=1.00 X

DATA FILE READING
DATA FILE STORAGE
DATA FILE EDITING
FEM FILE STORAGE
COMPACTED DATA FILE READING
COMPACTED DATA FILE STORAGE
MESH GENERATION
VOLUME GENERATION
GEGMETRIE MODIFICATION
10 MERGING WITH A COMPACTED DATA FILE
11 DATA FILE DISPLAY
12 GRAPHIC DISPLAY SELECTION
13 CHARACTERISTIC INPUT
14 CHANGE IN PROJECTION
15 ZOOMING
TOTAL STRUCTURE 16 PAPER PRINT
17  THEEND

O 00 i O Y B G I =

FIGURE 5

90-12



L= U TR

[P ey
T I, G R R -

FIGURE 6 AS 365- MAIN ROTOR (STARFLEX]

FIGURE7 AS365NT-TAIL ROTOR HUB

90-13

R R

;o bk ek omk md
T B L R

GRATIS

2104 NODES 248 ELEMENTS

01.13 60113 41.000
601,13 601.13 41.473
g=+10 [
B=eal ¥
Y=+10
EL = 1.00 X

DATA FILE READING

DATA FILE STORAGE

DATA FILE EDITING

FEM FILE STORAGE

COMPACTED DATA FILE READING

COMPARTED DATA FILE STORAGE

MESH GENERATION

VOLUME GENERATION

GEGMETRIC MAODIFICATION

MERGING WITH A CGMPACTED BATA FILE

DATA FILE DISPLAY

GRAPHIC HSPLAY SELECTION

CHARALTERISTIC INPUT

CHANGE 1R PROJECTION

ZOOMING
PAPER PRINT
THE END
GRATIS
J1INODES 3410 ELEMENTS
6 CARDS

0.20886 0.20825 0.56370E-01
0.20340 0.20825 0.58463£-01
9=410 z

Bz+40 Y
P=+10 0

EL = 1.00 X

" DATA FILE READING

DATA FILE STORAGE

DATA FILE EDITING

FEM FILE STORAGE

COMPACTED DATA FILE READING
COMPACTED DATA FILE STORAGE
MESH GENERATION

VOLUME GENERATION
GEOMETHIC MODIFICATION
MERGING WITH A COMPACTED DATA FILE
BATA FILE DISPLAY

GRAPHIC DISPLAY SELECTION
CHARACTERISTIC INPUT

CHANGE IN PROJECTION
ZOOMING

PAPER PRINT

THE END



FIGURES AS365-MAIN ROTOR MAST

T IR ,
’,’I’/II//{,;II
e

90 - 14

Mm@ S td By ek

-
-

.t ek d b
T T Ry Tely Y

FIGURES AS 365 N7 -PITCH CHANGE SPIDER

GRATIS
5168 NODES 832 ELEMENTS

3 CARDS
109.00 1063.00 130,00
109.00 108.00 z 0
z+10
B=+40 ¥
pu+it 0

EL = 1.00 X
DATA FILE READING
DATA FILE STORAGE
DATA FILE EDITING
FEM FILE STORAGE
COMPACTED DATA FILE READING
COMPACTED DATA FILE STORAGE
MESH GENERATION
VOLUME GENERATION
GEOMETRIC MODIFICATION
WMERGING WITH A COMPAGTED DATA FILE
DATA FILE DISPLAY
GRAPHIC DISPLAY SELECTION
CHARACTERISTIC INPUT
CHANGE IN PROJECTION
Z0OMING
PAPER PRINT
THE END



LINK

CADAM
COMPLETE DRAWING

CLEARING

E ML

[aa

ISOLATED GEOMETRY

H IR

[

MESH FUNCTION KEY
OF THE C.A.D. PRODUCT

SUPER-MESH @

+I&RAtm.
MESH @

JBl

F.E.M.
DATA

FIGURE 10 C.A.D. === F.E.M.

INITIAL SOLUTION
1BEARING OF B0 g

27
27 MODEL

¢

CRITICAL
FINAL SOLUTION ZONE
2 BEARINGS OF 20 g EACH

(SEE FIGURE 12)

FIGURE 11 AS 365 N1 - TAIL ROTOR HUB

90-15



FIGURE 12 AS 365 N7 - TAIL ROTOR HUB _g.g MODEL

GRATIS

3340 NDDES a480 ELEMENTS
474 FIXATIONS

16 LOADS
3 CARDS
601.13 601.13 171.00
601,13 D.GBBTSE-04  41.473
g=-60 z
=+25

]}?: ] u
ELz1.00 X ¥

DATA FILE READING

DATA FILE STORAGE

DATA FILE EDITING

FEM FILE 5TORAGE

COMPAGTED DATA FILE READING
COMPACTED DATA FILE STORAGE
MESH GENERATION

VOLUME GENERATION
GEOMETRIC MODIFICATION
MERGING WITH A COMPACTED DATA FILE
DATA FILE DISPLAY

GRAPHIC DISPLAY SELECTION
CHARACTERESTIC INPUT

CHANGE IN PROJECTION
Z00MING

PAPER PRINT

THE END

[ R R

.k b ot ok md b
O - O

FIGURE 13 AS 365N -SIMPLIFIED HALF MODEL OF “HUB-MAST” ASSEMBLY

90- 16



9017





 
 
    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 1 to page 1
     Mask co-ordinates: Left bottom (52.36 5.93) Right top (793.28 54.33) points
      

        
     0
     52.3585 5.9274 793.2802 54.3343 
            
                
         1
         SubDoc
         1
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.1
     Quite Imposing Plus 2
     1
      

        
     0
     17
     0
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 2 to page 2
     Mask co-ordinates: Left bottom (-0.99 36.54) Right top (50.38 796.24) points
      

        
     0
     -0.9879 36.5442 50.3827 796.236 
            
                
         2
         SubDoc
         2
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.1
     Quite Imposing Plus 2
     1
      

        
     0
     17
     1
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 3 to page 3
     Mask co-ordinates: Left bottom (548.12 58.58) Right top (602.73 800.32) points
      

        
     0
     548.1193 58.575 602.7327 800.3234 
            
                
         3
         SubDoc
         3
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.1
     Quite Imposing Plus 2
     1
      

        
     0
     17
     2
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 3 to page 3
     Mask co-ordinates: Left bottom (1.99 206.53) Right top (11.92 840.04) points
      

        
     0
     1.9859 206.5275 11.9156 840.0422 
            
                
         3
         SubDoc
         3
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.1
     Quite Imposing Plus 2
     1
      

        
     0
     17
     2
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 4 to page 4
     Mask co-ordinates: Left bottom (-0.99 39.71) Right top (52.63 802.31) points
      

        
     0
     -0.993 39.7086 52.6274 802.3094 
            
                
         4
         SubDoc
         4
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.1
     Quite Imposing Plus 2
     1
      

        
     0
     17
     3
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 5 to page 5
     Mask co-ordinates: Left bottom (545.95 40.63) Right top (592.52 801.59) points
      

        
     0
     545.9517 40.6298 592.5211 801.5933 
            
                
         5
         SubDoc
         5
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.1
     Quite Imposing Plus 2
     1
      

        
     0
     17
     4
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 6 to page 6
     Mask co-ordinates: Left bottom (1.98 50.37) Right top (47.42 799.20) points
      

        
     0
     1.9758 50.3748 47.419 799.1996 
            
                
         6
         SubDoc
         6
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.1
     Quite Imposing Plus 2
     1
      

        
     0
     17
     5
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 7 to page 7
     Mask co-ordinates: Left bottom (546.53 51.76) Right top (593.32 795.40) points
      

        
     0
     546.5316 51.7569 593.3202 795.3982 
            
                
         7
         SubDoc
         7
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.1
     Quite Imposing Plus 2
     1
      

        
     0
     17
     6
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 8 to page 8
     Mask co-ordinates: Left bottom (23.71 5.93) Right top (779.45 49.39) points
      

        
     0
     23.7095 5.9274 779.4496 49.3948 
            
                
         8
         SubDoc
         8
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.1
     Quite Imposing Plus 2
     1
      

        
     0
     17
     7
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 9 to page 9
     Mask co-ordinates: Left bottom (1.99 461.10) Right top (13.94 838.56) points
      

        
     0
     1.9919 461.1035 13.943 838.5599 
            
                
         9
         SubDoc
         9
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.1
     Quite Imposing Plus 2
     1
      

        
     0
     17
     8
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 9 to page 9
     Mask co-ordinates: Left bottom (555.73 49.79) Right top (611.50 797.73) points
      

        
     0
     555.7275 49.7855 611.4994 797.7269 
            
                
         9
         SubDoc
         9
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.1
     Quite Imposing Plus 2
     1
      

        
     0
     17
     8
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 10 to page 10
     Mask co-ordinates: Left bottom (10.87 58.28) Right top (57.30 788.33) points
      

        
     0
     10.8669 58.2779 57.2979 788.3328 
            
                
         10
         SubDoc
         10
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.1
     Quite Imposing Plus 2
     1
      

        
     0
     17
     9
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 11 to page 11
     Mask co-ordinates: Left bottom (539.78 31.70) Right top (594.25 792.34) points
      

        
     0
     539.7782 31.6957 594.2512 792.3372 
            
                
         11
         SubDoc
         11
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.1
     Quite Imposing Plus 2
     1
      

        
     0
     17
     10
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 11 to page 11
     Mask co-ordinates: Left bottom (-0.99 386.27) Right top (14.86 835.92) points
      

        
     0
     -0.9904 386.2656 14.8563 835.9156 
            
                
         11
         SubDoc
         11
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.1
     Quite Imposing Plus 2
     1
      

        
     0
     17
     10
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 13 to page 13
     Mask co-ordinates: Left bottom (-1.98 430.71) Right top (12.84 837.73) points
      

        
     0
     -1.9758 430.7146 12.8426 837.7275 
            
                
         13
         SubDoc
         13
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.1
     Quite Imposing Plus 2
     1
      

        
     0
     17
     12
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 12 to page 12
     Mask co-ordinates: Left bottom (0.00 39.62) Right top (50.51 791.35) points
      

        
     0
     0 39.619 50.5114 791.3468 
            
                
         12
         SubDoc
         12
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.1
     Quite Imposing Plus 2
     1
      

        
     0
     17
     11
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 13 to page 13
     Mask co-ordinates: Left bottom (550.26 56.30) Right top (591.75 774.50) points
      

        
     0
     550.2579 56.3021 591.7495 774.5023 
            
                
         13
         SubDoc
         13
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.1
     Quite Imposing Plus 2
     1
      

        
     0
     17
     12
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 14 to page 14
     Mask co-ordinates: Left bottom (1.98 25.72) Right top (48.47 791.32) points
      

        
     0
     1.9783 25.7228 48.4682 791.3234 
            
                
         14
         SubDoc
         14
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.1
     Quite Imposing Plus 2
     1
      

        
     0
     17
     13
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 15 to page 15
     Mask co-ordinates: Left bottom (543.34 61.24) Right top (583.85 791.30) points
      

        
     0
     543.3426 61.2416 583.8463 791.2964 
            
                
         15
         SubDoc
         15
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.1
     Quite Imposing Plus 2
     1
      

        
     0
     17
     14
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 16 to page 16
     Mask co-ordinates: Left bottom (8.89 34.58) Right top (51.39 783.73) points
      

        
     0
     8.8949 34.5759 51.393 783.7281 
            
                
         16
         SubDoc
         16
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.1
     Quite Imposing Plus 2
     1
      

        
     0
     17
     15
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 17 to page 17
     Mask co-ordinates: Left bottom (38.53 539.39) Right top (784.39 584.83) points
      

        
     0
     38.5279 539.391 784.3891 584.8342 
            
                
         17
         SubDoc
         17
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.1
     Quite Imposing Plus 2
     1
      

        
     0
     17
     16
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: From page 17 to page 17
     Mask co-ordinates: Left bottom (4.94 -3.95) Right top (442.58 11.85) points
      

        
     0
     4.9395 -3.9516 442.5772 11.8548 
            
                
         17
         SubDoc
         17
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.1
     Quite Imposing Plus 2
     1
      

        
     0
     17
     16
     1
      

   1
  

 HistoryList_V1
 qi2base





