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TURRET
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# Nexter Systems, 18000 Bourges, France

Author’s abstract. The article concerns the fatigue qualification dfedicopter-mounted turret. The multi-scale
process developed by Nexter from 1997 [1] onwar@ds w&pplied. In this application case, it is basaed o
measurements carried out in flight on the carried aharacterisations of the turret (Modal analydigijtal
simulations, etc.).

1 INTRODUCTION

This publication describes the multi-scale procgsgeloped by Nexter from 1997 [1, 2] onwards making
possible to guarantee the mechanical strengthhadliaopter-mounted Nexter Systems turret on theshafsa
customised mechanical environment specification [3]

The first stage of the process consisted in adigdtie model on the basis of the experimental madalysis
results: this analysis performed for several sttessls made it possible to update behaviour noealiities
(evolution of natural frequencies as a functiohef loading levels).

The second stage of the multi-scale process cerinistvaluating the dynamic response of the stradallowed
by the location of the critical areas ( weak pdamation, risk of cracking). The last stage consethre thorough
study of the risk areas by including precisely tlegails and the geometric singularities of the isersareas
identified previously; this stage results in arireation of the fatigue life crack initiation.

1.1  Abbreviations and terminology
The specific acronyms, abbreviations or terms uadih may not be understood by the reader, aedlisere.

PSD . Power Spectral Density
A.M.E./A.M.A Experimental/analytical modal analysis

1.2 Reference axes

The reference system used in this document isafréec’s:
e Xaxis: longitudinal axis in the forward directiofthe helicopter,
* Y axis: transverse axis,
e Zaxis: vertical axis, upwards.

The axes are such that (X, Y and Z) form a dinglsedron.

2  LIFETIME CALCULATION METHODOLOGY

2.1  Multi-scale approach

The search for the sensitive areas fits into th#i+scale calculation process put in place at Neggstems on
the calculation of structures. This process begwith the quantitative description of the operationa
configurations of the mechanical systems and eritts tive prediction of the lifetime of the structarélhree
levels of scales make up the process:

- the scale of the mechanical system (vehicle, aeaystem, etc.)
- the scale of the mechanical components or strestmaking up the mechanical system

- the scale of the structural details encounteredhe mechanical components and structures
(welds, geometric details, etc.).
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Figure 1: multi-scale process

2.2 Structure calculations — mapping of stresses

The objective of this study is to estimate the nagital strength of the turret subjected to a random
harmonic environment. These signals are from thetéieSystems customised specification utilising dletual
levels identified on carrier and making it possitdedimension the structure to what is strictly et [3]. The
simulation consists in applying in the 3 directi@anBarmonic signal superimposed on a white noige tgndom
signal. The time signal to be applied on the tuisgiroduced by adding the time signals of sineegato the
time signal from the PSD; a tool developed by Nesat possible to generate one or more time ssgfnam
one PSD;

Our structure is discretised and represented lygtam with n degrees of freedom. The matrix systatisfies
the following dynamic differential equation:

M x(t) + C x(t) + Kx(t) = f (t)
where:
- M: mass matrix of the system (dimension N x N)
- C: damping matrix of the system (dimension N x N)
- K: stiffness matrix of the system (dimension N x N)
- f(t): loads applied on the structure (dimension N x 1)
- X(t): response of the structure in terms of movemerdfoamotations according to the degrees of freedom.

The principle of the modal superimposition methedyased on the projection of the equation of théanmn
the basis of the natural modes of the structure.

In the case of resolution on the actual basis efrttodes of the associated conservative systene tharot
automatically diagonalisation of the damping maknyxprojection on the actual modal matrix: on thieeo hand,
if the assumption of decoupled modes is satisfieal gverlapping of the band width at - 3 dB) andhié
damping is low (<10%), one will be able to disreh#ne extradiagonal terms of the generalised matrithe
dampings which will then be diagonal; the modalauns will then be decoupled which makes the $efoca
solution easier.
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The solutions of the homogeneous system below sporad to the natural modes of the structure. Iregen
because of the cost of calculation, omym<<N) natural modes can be extracted.

W*'Mg@ = K¢

i.e. mpairs consisting af natural frequencies amd modal deformations.

By multiplying M andK on the right and on the left by respectively thmmtated modal matrix (to the number of
modes m considered) and by its transposition, drtais diagonal generalised matrices, per orthdggna
property of the modes:

¢T Mg = [m] diagonal matriXm, m) of the generalised masses

¢ Ko = [k] diagonal matriXm, m) of the generalised stiffnesses

14

m,

In general, the matrix of the dampings is not diedized by this operation: the full modal dampingtiix

¢"Co =[c]

One deduces from this the natural pulsatiyn= for the mode.

By using the truncated modal basie<(N) and assuming that the movement can be writtera dimear
combination of the modes, one has the followinglhmental expression:

x=g¢“’ @, (t) = dq
Gh(t)

where: =| M | vector of the modal generalised coordinates @rd |_¢(1) ¢(m)J truncated

O (t)

modal matrix.

By premultiplying the equation of the motion hﬂT , N equations of the motion for the system studied are
obtained:

[mla+ [c]a+ [kla =¢" F(t) =[f (t)]

with f (t) vector of the modal forces.

Under certain assumptions, it is possible to deltire modal equations from the motion, that ishawe a
diagonal damping matrix of the form:

¢'Cod=[al=[2mw§]
with & reduced damping factor of the mode i.

One is then called upon to process a systei sécond-order differential equations independergaah other,
each corresponding to a harmonic oscillator witthetyree of freedom and a particular mode. For thmatsan
corresponding to mode i, one has:

mq;+¢ qi+kiqi = £ (1)
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Generation of random time
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Figure 2: Basic diagram of the structure and fatigue calculations on the turret

2.3 Location of the areas at risk of cracking

The "global" calculations are performed by thedia#i software developed within Nexter Systems. Dleatlon

method supplies a mapping of damage over the wiiolke structure. At this stage, numerous pararsetss

not taken into account for the calculation of tieamage (elasto-plastic correction, concentratiostiEsses in
the specific areas), because the calculation timesld then be too considerable; the damage is fihvere
estimated globally, it does not make it possiblelétermine a precise lifetime. Reading this mappiakes it

possible to identify visually the areas at riskooficking by fatigue where a thorough study will chée be

carried out including precisely the details anddghemetric singularities of the area to be studied.

2.4  Estimation of the lifetime by local approximaton [1]

At this stage, one endeavours to refine the estimatf the lifetime by a local calculation: the s#ive areas
identified previously are meshed more finely inargiing for example structural details not taketo iaccount
in the global calculation: weld beads, filletsA.finer stress mapping is then obtained by thecstiral zoom
method (Abaqus): this consists in applying to tleafier nodes of the local model the movement fielcbrded
on these same nodes at the time of the global leitm.

The local stresses are often greater than the bin@lasticity and it is necessary to calculate phestic local
response thanks to an elasto-plastic correctionuleod his local stress corrected for plastificatisrthen used
so as to determine a fatigue stress based on a Wandacet criterion: this stress facet criterimnsists in
calculating, on each facet of nornmalthe maximum over the cycle of the linear comborabf the amplitude of

the shear stresg, (t) and of the hydrostatic stress, (t) :

o = Max(rg 0+ o, (t))
cycle

The cycles are extracted using the Rainflow metli@ath recorded cycle is characterised by the mimialaie
and the maximal value of this shear stress, andhbycycle start and end times. This makes it ptesi
calculate the amplitude of the cycle. The comborativith the hydrostatic stress calculated betwéencicle
start and end times then gives the criterion cpording to the cycle extracted.

The damage is then calculated for each cycle aelagsing the material properties (Basquin's lang & is
then accumulated over all of the cycles by a lime@umulation (Miner’s law).

d" = Z— where withb and 0"f material parameters.
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facets.

The damage is calculated on each of the facetsfikedamage is then the maximum damage overfate

d = Max(d")

t
The lifetime N is obtained by inverting this damager the duration of the loadindyl = —

A flow chart makes it possible to summarise thewation process.

Safety coefficient
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Figure 2: Calculation of fatigue damage by local approach

In view of the string of potential imprecisions owke whole of the process, a safety coefficienttanlifetime
must be taken into account. This safety coefficieflects the errors made on the estimation ofstnesses
resulting from the uncertainties/assumptions onldlaes, the conditions at the limits, the modal gemgs and
the fatigue properties of the materials. For cgstiim aeronautics, one systematically assignsrésstensors a
coefficient of 3: this coefficient corresponds e tcast factor used in aeronautics for the dimeirsgpof fatigue
parts: it makes it possible to take account ofiaojusions or defects present in the material.
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3  MODELLING

The main sub-structures are meshed, namely thetfeeking, the cradle and the barrel. The mesbamgprises
shell elements (S3R and S4R) and volume elemer@®§@nd C3D8R). The stiffnesses of bearing, ofrigyi
drive unit, of the recoil mechanisms/links andtoé tams/actuators are introduced into the moded.slide link

is also represented.

The base excitation type calculation is performgddmporal modal superimposition; a sufficient nembf
modes is taken into account in the calculation tliedmodal dampings are estimated from resultsiastrThe
finite element model of the turret is produced wileas NX5 and the calculations are performed Witqus
6.7.1.

4  MODAL ANALYSIS

4.1 Comparison of calculated modes / experimental ades

In the first instance, the natural frequencies ammtlal deformations of the turret calculated areustéd in
relation to the results of trials. Most of the amighl natural modes at 100 Hz are well correlangith those
identified.

Figure 3: Experimental/analytical mode - Rocking of the cradlein the Y axis

A difference remains nevertheless in the cradletking mode : this is calculated at a frequencyHkOless
compared with the measurement (Figure 4). At theetof the trials, a sine sweep performed underouari
levels of loading highlighted the frequency sliptiois mode as a function of the stress level:dek07 Hz when
the stress increases from 0.01g to 0.1g. Thisessitn of a structural non-linearity due to the pumus plays
present in this structure consisting of assembéatsp

Now, if one considers that the stresses specifiedgeeater than these levels, and that the restilpgevious
qualification trials (FRF) present a rocking modmaikar to the current calculation, we can takehattour current
model is representative of the rigidity of the &irin endurance trial.

Thus, the various models constructed in the coofrfige adjustment phase are valid for a specifecarea : the
choice of the model to be utilised for the caldolas is suited to the level of stress actually egapbn the
structure.
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Figure 4: Evolution of the frequency of the rocking mode as a function of the stress level

4.2 Identification of damping

The A.M.E. indicates damping levels less than 5CGse notes however on the FRFs from the sine sweep a

various levels that the damping associated withrdloking mode increases with the stress level (idi)

Figure5 FRFsfor the various stress level s (sine sweeps)

The damping is then estimated graphically from ghevious results of endurance trials: this appration is
carried out on the basis of the resonant FRF oaraksensors and rests on the following analytieitionship
which links the overtension factor Q (evaluatedlesratio between the resonant frequency (or gatsaand
the band width at —3 dB) and the reduced dampicigr§;

_ o 1
W~ w, 2¢

This method is used only in the absence of damgatg; it leads to an approximation of the modal piam
factor. It is the most penalising value of the retlidamping which will be adopted for the calcoliasi.
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5 RANDOM AND HARMONIC SIMULATIONS

The fatigue calculations in a vibratory environman¢ produced along the 3 axes for the customigad t
specifications over a reduced duration. For eatulzion, the lifetime will be estimated without with Cast
Factor.

5.1.1 Global behaviour of the turret

Stressed transversely, the response of the twnsists in a rocking along the Y axis. The movenanplitude
at the trunnions in the three directions as wethasdeformation of the structure are given below.

Lo Tn T L O € R v 5 - 0.3 025 O .3'\'!
Time

Figure 6: Movements of the trunnions and amplified view of the deformation (stressalong Y axis)

5.1.2  Calculation of location of the hot spots

The initial global calculation makes it possibleotatain the distribution of the damage levels dherwhole
structure (Figure 7). This mapping therefore makpsssible to locate the areas at risk of cradiaition.

Figure 7 Location of the most stressed areas

5.1.3 Determination of the local stresses by the structural zoom technique

A 3D finite element model, representative of thealogeometry of a risk area identified previoussyproduced.
The local calculation is therefore limited to therton of the structure to be studied; the stressesevaluated
by applying at the limits of the 3D meshing the mments from the global shell model.

The following figures present the results in terofis/on Mises stresses for the global and local n&dehe

local models were calculated on the basis of theements of the global model at the time of the dyica
simulation of the turret.

Figure 8: Structural zoom (right view) on the basis of the shell global model (left)
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Thus, the local calculations show that the shekhmireg describes stress levels very similar to ev®dels for
the areas presented above (the difference doesxoeéd 10%).
The estimations of the lifetime in various areatidate that:
v' the lateral axis Y is the most penalising direction
v the fatigue strength of the turret is guaranteedte 3 axes, without and with Cast Factor typetyaf
coefficient of 3;

6 CONCLUSION

The multi-scale process developed by Nexter frord718nwards was implemented on a helicopter-mounted

Nexter Systems turret, the objective being to disiemthe turret in keeping with its future envircem The
stresses adopted in order to guarantee the meehatiength are from a customised mechanical enwiemt
specification.

The lifetime estimation process is carried outdémesal stages. It is a matter first of all of consting a model
representative of the behaviour of the structudgusiment in relation to the trials made it possitd define a
customised model, suited to the level of the stesFhe next stages consist in locating the rislasand in
estimating the crack initiation lifetime for thevémmnment specified.
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