Ground loads calculation of an aircraft flexible model

DamianoL o Brutta', Franco Masroddi®, Vincenzo D’Errico®

® Dipartimento di Ingegneria Aerospaziale ed Astronautica
Universty of Rome*“ La Sapienza”
e-mail: lo.brutto@tin.it , franco.mastroddi @uniromal.it

© Alenia Aeronatttica - Ingegneria Configurazione Srutturale
Pomigliano d'Arco (Naples)
email: vderrico@aeronauticadeniait

The am of this sudy is to show the advantages of representing an arcraft as a flexible body
completdy integrated with the multibody dynamics of its landing gears and, gpplied to manoeuvres
such aslanding and taxiing, which involve great displacements.

The andyses caried out in this work show the advantages of representing a ground manoeuvring
arcraft sysem not just as arigid body, but as aflexible one.

The fallowing items have been taken into account in the modelling process

the flexibility of the landing gear chesss

the flexibility of thelevers

the shock absorber properties (gas curves, oleo damping);

the non linear tyre (redized with an externd subroutine);

the aerodynamic forces concentrated on the vehicle centre of mass,
the flexibility of wings (aerodynamic surfaces) and fusdage.

This modd has been described usng a basc ADAMS 11.0 verson, specificdly ADAMS Fex
packege has been caried out to describe the flexible parts and to integrate them to the globa rigid
body dynamics

Once the complete dynamic description has been performed in terms of displacements in the severd
arcraft components, a procedure capable of computing the loads goplied on the dtructure (wings
and fusdage) has been set up a posteriori. Currently the find part of this procedure is carried out
without usng ADAMS, but this could, or rather should, be implemented and integrated into
ADAMS environment.



M odel details
- Wing and fuselage

The vehide andysed in this pgper is a military bi-turbo propdled high wing transport arcreft. The
sructure has been dadicdly modeled usng the MSC-Nastran F.E. code (Fig.1 and Fig.2). The
fusdage and wings of the arcraft are represented by a reduced sick modd, i.e, its diffness is
expressed only by beam dements and equivdent diffness connecting matrices. The am of this
representation was to have a amplified modd that would reduce computationd time, but was a
leest able to globdly describe the mechanicd dadtic behaviour of the dructure. Indeed, the model
has been initidly vdidated by comparison with the results given by experimentd modd andyses,
i.e, GVT (Ground Vibration Test). Further updating of the mode has dways been caried out
taking into account the equivaence of the moda behaviour.

Snce ADAMS neads the modd description of the flexible body to represent its mechanicd
behaviour, these have been cdculaed and trandated into ADAMS usng a modified Crag-
Bampton method (Refs. [1],[3]). The inertia properties are represented by concentrated mass points.

Fig. 1: first symmetrical global mode Fig. 2: second symmetrical global mode

This dass of vehides mug satidfy the internationa requirements (Ref. [18]) in the various flight
conditions. Spedificdly, in the criticd landing and taxiing manoeuvres, the coupling between the
rigid multibody and dadgic mations is paticularly rdlevant and crucid with respect to, eg., the
dandard flight conditions (with load factor n=1). Indeed, in this case the unique hypothess of sngle
rigid body is quite stifactory for the flight mechanic andyss, whereas the unique hypothess of
flexible body is sometimes adequate for evauating the aerodagtic performance.

The objective of the present study arises from the above issues. The results obtained have pointed
out the dgnificant difference between these andyses and those given with the hypothesis of rigid
wing and fusdage These smulaions have been ussful to verify the internationa requirements and
furthermore the comparison with experimental results, arisng from the full scde modd, has dso
confirmed and assessed the accuracy of the obtained results.

- Flexible chassis
The landing gears sysem of this arcraft condsts of a nose ger and two man gears placed

symmetricdly with respect to the longitudind plane of the vehide (see Fig. 3 and Fg. 4). As the
dructure is hyperddic, the main gear is represented by a flexible sick modd too. It has been



generaied to accurady represent the tendgond behaviour in correspondence of the jointing points to
the fusdage.

During the landing manoeuvres, the role of the shock absorber is to gradudly reduce the verticd
goeed of the arcraft by means of the deformation and dissipaion performed by its components. In
the case of afully dagtic system, the stored energy would be returned too sharply.

Thus, an adequate system will disspate mogt of the energy hdd by the arplane and will stop the
dadic energy rdease which should occur in the shortest time, in order to set the shock absorber
reedy for any following shock.

Fig. 3: CAD model of main gear chassis Fig. 4. ADAMSmodel of maingear chassis
and components. and components.

The working shock absorbers on the arcraft are typicdly of oleo-pneumatic type. They are
composed of two chambers:

i) lower chamber, where the idraulic fluid is located, exerting the viscous behaviour;

i) upper chamber, where the gasislocated, exerting the eagtic behaviour.

The shock absorber reaction can be expressed by the following equation (Refs [12], [13]):

R=R, +kV’

Where R, isthedasticreactionand kv isthe dissipative term.
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Fig. 5: Experimental politropic curve of gasin the shock absorber used in the simulation.



These laws have been conditutively implemented in ADAMS as a defined force exerting between
two rigid bodies (Ref. [12)).

The dadtic reaction depends on the compresson of the used gas. For taxiing manoeuvres, it can be
congdered an isothemd transformetion; for landing manoeuvres the ges follows a poalitropic curve,
which depends on the exchange rate of heet from the gas to the surroundings.

Furthermore, in order to improve the modd cgpability, an experimentd date lawv curve has been
dso employed usng the mentioned ADAMS procedure (see Fig. 5). Specificdly, the disspative
coefficient k has dependencies on the idraulic fluid, the idraulic area, the coefficient and area of the
orifice, and the direction of the moving stroke. In this modd it has been st to two different constant
vaues: one for the forward movement and one for the backward.

- Aerodynamic force

The aerodynamic forces acting on the vehide during the landing manoeuvre have been moddled
with a lift force (L) and a drag force (D), applied to the centre of mass of the vehicle. The lift is
given by:

LzérVZSCL(a)

where C, (a) isthelifting coefficient defined as follows:

C.@)=P(a+a,)
where a isthe atack angle of the vehide and a ,, isthe atack angle corresponding to zero lift.
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Fig. 6: polar curvesrelative to full and partial extension of flaps

The drag force is given by:
D=%rVZSCD @)

ad C,(a) isevauated garting from the polar curves. These curves differ if the total (Fig. 6, green
line) or partid ( Fg. 6, red line) extenson of flaps are consdered:

Cp(@)=Cp, +kCi(a)
where Cp, is the drag coefficient corresponding to zero lift and k is the parameter contralling the
flap extension.



- Tires

The tire modd usad for these Smulations is a user defined one. It is posshle to evauate the forces
and torques exchanged between the tires and ground (Ref. [19]). The information inserted in the tire
properties file are the geometric and eagtic properties necessary to initidise the forces and torques
evauation. These are the undeformed interna and externad radius of the whed, verticd and
longitudind tiffness, laterd diffness due to the dip angle, friction coefficient for zero and unit dip.

Consideration on the elastic interaction

During landing manoeuwvre, the impact of the vehice with the ground results in an intense force
aoplied for a short period of time compared with the naturd periods of the gSructure. This force,
known as shock, could excite some of the undesred frequencies of the structure and cause loca
damage.

Congdering the globd linearized dynamics given by the multibody chain compossed by the rigid
and dagic membes tha modd the landing vehide, one can lead to the identification of such
critica frequencies by means of the identification of the so caled shock spectrum (Ref. [15]).

An example of shock spectrum identification is reported in Fg. 7 showing two pick vaues in the
lower range of frequency and a decreasing behaviour for the upper vaues. This dimensionless curve
has been obtained using a direct smulation performed by ADAMS V11. It has been achieved by
imposing an impulsve reaction force a tires/ground contact points as given by a previous andyss.
The acceleration of the centre of mass has been chosen as the output of the system.
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Fig. 7: Shock spectrum for the ground reaction as input to the system.

Taking the Fourier trandform of such an output one can have an idea of the firg naturd frequencies
of the globd system (tires plus landing gear system plus fusdage and plus wing) which has been
conddered as linearized in the vicinity of impact configuration. This andyss, compared with the
shock spectrum informetion obtained by the specid nature of the input, can lead to useful indication
in order to evduae the maximum dress condition reached by the globd dructure during its
operative conditions. Specifically, as a rdevant reault, the flexible modd of the arcraft presents a
diffness matrix which is dightly different from its rigid representation. Indeed, the response
cdculaion usng a flexible modd of the arcraft, which has a different giffness may lead to
relevant differences compared to the rigid model.



Multibody simulation of landing and taxiing manoeuvr es

In accordance to the conditions imposed by the JAR requests (Ref. [18]), smulations of landing and
taxiing have been computed. The results of these andyses confirm the advantage of using a totd
flexible modd. By evduating the results that have been obtained, one can conclude that the dran
enargy absorbed by the flexible arcraft reduces the maximum vaue of ground reections and loads
a the fusdlage-gearsjointing points.

- Spin up and spring back conditionsfor the main landing gear

Ancther important result achieved by this sudy has been the determination of the spin up and
soring back conditions, which are critical conditions for the generd design and assessment  of the
aft and forward fusdlage respectively.

Fig. 8: Spin up and spring back conditionscompared with ground reaction

In landing manoeuvres, when the arcraft touches the ground, the whed axle has a horizonta speed
equd to that of the arcraft's, while the pneumatic, in its contact point, has zero speed. This is the
caue of a sudden decderation on the whed. Its maximum vaue, multiplied by the unsprung mass
(the mass that reacts with the ar spring of the shock absorber, i.e, the whed, bresk sysem on it,
and the pneumatic) represents the spin up condition.

The dadic representation of the main gear chasss dlows the identification of the forward
accderdtion of the whed, due to the return of energy sored on the chassis undergoing eadtic
deformation. In the same way as that of the spin up condition, the multiplication of its naximum
vaue with the unsprung mass leads to the spring back condition.

In Fgure 8 the reactions representing spin up and oring back are reported by the solid line. As
physcaly expected, both vaues occur largdy before the reaction on ground (dashed line) reaches
its maximum vadue. The frequency of this dumped oscillation should represent the naturd
frequency indluding the dl system of the main landing gear plus the chassis



- Tirereaction on ground

Ancther ggnificant estimate performed by ADAMS multibody/dastic smulation is given by the
maximum vaue of the reection on ground. In Figure 9 the rigid modd (deshed line) and flexible
modd (solid line) are compared. This shows that the flexible mode experiences a lower pick vaue

but the reaction lasts for alonger period, representing the greater energy absorbed during landing.
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Fig. 9: Comparison between rigid model (dashed line) and elastic model (solid line).

- Loadsat jointing points

As mentioned before, since the main chasss is a hyperddic dructure, which is only linked to the
fusdage in four points, the load digribution results as being extremey difficult to guess. In Fgures
10 and 11 rigid (dashed line) and dadtic (solid line) models are compared in terms of reections at
janting points. A smilar result to the reaction on ground is obtained here. The rigid modd presents

higher pick vaues and undergoes amore oscillating behaviour.
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Fig. 10: vertical load at forward joint
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Fig. 11: vertical load at aft joint



- Taxiing results

Taxiing dmulations have been computed usng a landing fidd modd which has been redised from
experimentd data. Reactions a jointing points have been taken into account in order to represent
the difference between rigid and flexible modd. In Figures 12 and 13 one can see that these results
areextremey smilar.

Ancther way of evduating the mechanicd behaviour of the arcraft could be obtained andysng the
solution of the linearized system around the equilibrium pogtion.
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Fig. 12: vertical load at forward joint
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Fig. 13: vertical load at aft joint



Concluding remarks

A multrbody representation has been peformed using the sandad ADAMS packege (V11)
including the dagtic description of some dements whose dadic deformation has a crucid role in
landing and taxiing manoeuvres of an arrcraft.

The dructure of ADAMS computetiond environment hes dlowed a very pogtive interaction with
other possble pre and pod- processor packages and this issue has heightened the posshility of
implementing a vey automatic and user-friendly procedure for loads evauation during these
Mmanoeuvres.

Fig. 14: View of the full multibody elastic model

The comparisons between rigid and dadtic andyses have shown the rdevance of the dadtic
description when emphasizing some specid criticd phenomena as the so-cdled spin-up and spring-
back. Furthermore, comparisons with experimenta modd test data on the full scde modd have
confirmed an adequate level of assessment of the multi-body dastic description.

The devdoped ADAMS computationd environment will dlow further enhancements of the present
moddling. In other words, a deveopment of this modd would result in a more accurate
representation of the aerodynamic force by way of a modd force digributed over the lifting
aurfaces, the effect of flexibility on the mechanics of flight at different operaive conditions, and the
possibility of more accurate descriptions of the internd loadsusing ADAM S enhanced versions.
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