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Tradition

Gustloadsfor the mostimportant productof Piaggio: the P180 Avanti Evo

New challengedor the future of Piaggio
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CS 23.341 Gust load factors
(See AMC 23.341 (b))

(a) Each aeroplane mmst be desigmed to
withstand leads on each hifting surface resulting
from gusts specified in C5 23.333(c).

() The gust load for a canard or tandem
wing configuration must be computed using a
rational amalysis, or may be computed in
accordance with sub-paragraph (c) provided that
the resulting net loads are shown fc be
conservative with respect to the gust crteria of
CS 23.333(c).

(c) In the absence of a more rational
analysis the gust load factors must be computed
as follows:

n=l+ kgpolUdeVa
20W/S)

where —

L. 088us

E= = gust alleviation factor;
S3+pz o

XW/S
1= 29

= aercplane mass ratio;
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PIAGGIO iAerogust contributionto the project
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PIAGGIO iAerogust potential of the project

Time/Costreducingfor loadsanalysis — )
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PIAGGIO iAerogust the mostimportant challenges

GENERAL

CS23.301 Loads

(a) Strength requirements are specified in

CertificationApproach e of o kot (. i s 1o b

cxetc n i) od it o i s actual conditions. Methods used to determine load
mui tlp 1€ Y prescribe actors of safety). nless . P . . .

otiewise. provided. prescribed londs.are. kit intensities and distribution on canard and tandem
o o e wing configurations must be validated by flight

coroplane.  These. londs st be disrbuted to test measurement unless the methods used for
conservatively approximate or closely represent P . —_
actual conditions. Methods used to determine load / detelm]ng l’h_ﬂse loadmg Condltlons a[e showu 1'0

intensities and distribution on canard and tandem

s e et voed o be reliable or conservative on the configuration
determining those loading conditions are shown to . .
lJcr 1‘eliablele)r consel‘vat?ve outthe couﬁgurml(:n lmde]_ CO]_'[S‘ldE!]Ht]_Oﬂ.

under consideration.
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Industrial constraints:

A The certification process requires the aircraft to be gust-resistant on its entire flight
domain (JAR 25-341)
Y Discrete gust computations over:

A 22 gust conditions (11 conditions in the y and z direction),
A 15 flight points covering cruise and dive speed,
A 14 mass cases, > ~ 12,000 cases
A 2 aerodynamic configurations,
A with and without flight command system, etc. §

A The gust computations are included in a larger spectrum of manoeuvers during the
certification process (around 60,000 cases to be computed).

A The timespan dedicated to these computations is usually restricted to 3 to 4 weeks.

Ve

Y The average manoeuver computation should not exceed 5 minutes.
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Discrete gust computation strategy:
A Reduced Order Model (ROM) based on
A General FEM of an aircraft
A Unsteady CFD for aero-elastic effects

A Aerodynamic inputs (for a vertical gust) =
A Angle of attack effect: unsteady CFD computatlons for
various Mach numbers and reduced frequencies
A Adjustment with respect to WT tests, experiences based on
previous aircraft, in flight measurements
A Gust penetration effect (angle of attack) successively applied
on aircraft forward, middle and backward parts.

A Non-linear Flight Command System
A Computations carried out with FCS to take into account
longitudinal and lateral stabilizing effects m
Y Time-domain computations required
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Discrete Gust computational steps :

A Aircraft 1G-equilibrium: static computation of angle of
attack and elevator deflection to balance vertical load l -
factor of 1G and no pitch rate. “

A Aircraft response to the discrete gust: time (with FCS)
or frequency (without FCS) response of the ROM to
the gust input (modulation of the 3 partial delayed
aerodynamic effects by the gust speed).

A Superposition of loads due to 1G-equilibrium and
discrete gust.
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Turbulence input Computation Increasing

State e complexity
of the Art
» m ROM

3 delayed partial effects

Developed

Perspectives

During - . _
AEROGUST n Rigid « flight mechanic » :
model (non-linear| ,f ) Sl RO
'“ P/ressure field for Restricted to most severe cases

each time step

: \ -~ CFD/CSM time coupled simulations
N ~ (restricted to a small number of cases)
*Aerodynamlc tuning based on aerodynamic databases, WT tedighhexperience
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Field Velocity Method (FVM) computation of
pressure field at each time step for a vertical
speed given by the 1-cosine gust shape.

METHOD: INPUT CONSTRUCTION

Modulation of each pressure field by unitary step
functions.

Sum of these fields to obtain a time input
containing the aerodynamic excitation due to the

gust.
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Steady representation A Steady 6 | curve =>non-linear
Linearized representation
& A AeroGust computed shape A Linearity assumption:6 () 65 —I

Good approximation up to|
This is the modelling used with the state of the art method.

A AReal 0 curve depemngdsetc),the ot h
FVM computations take these effects into account.

A Input propagation correctly rendered by FVM.

Y AeroGust method provides both better non-linearity and
unsteadiness modelling for the gust aerodynamic input.

| Y The aerodynamic excitation of the structure shows
smaller values with the AeroGust method than the
current ones.
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H=90 ft H=350 ft

Highest pressure values on the wings, Highest pressure values on the wings and
then on the horizontal tall. on the horizontal tail at the same time.
Y Constant AoA assumption is not valid Y Constant AoA assumption is valid

When gust length > 5 zone length: constant AoA assumption is valid.
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Wing bending moment vs time :

Bending A Bending A
Moment H=90 ft Moment H=350 ft

> >
Time Time

- State of the Art
—_— AeroGust

- State of the Art
—_— AeroGust

A Time shift: mainly resulting from the new realistic gust propagation modelling.

A Decrease of the extremum values: aerodynamic non-linearities, unsteadiness and
more realistic gust propagation.
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Horizontal tail bending moment vs time :

Bending A Bending A
Moment H=90 ft Moment H=350 ft
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T /ANy % e

- State of the Art
—_— AeroGust

- State of the Art
—_— AeroGust

A Time shift: mainly resulting from the new realistic gust propagation modelling.
A Decrease of the extremum values is less visible because:

A The non-linearities are weaker on the horizontal tail than on the wing

A The horizontal tail is shorter than the wing
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Comparison with an experimental database

A validation against an experiment of the AeroGust method is
the next step towards its industrial use. Such an experiment
IS to be performed in the CleanSky-2 framework.

Improvement on the AeroGust method
A The computational time of each pressure field is too long.
Two complementary strategies: U
¥, Use this method only for the most severe cases
¥, Use a set of sines pressure fields to rebuild
the 1-cosine shape

g

A Coupling of the AeroGust method with rigid aircraft model

Estimation of the error of the AeroGust method
A comparison with fully coupled CFD-CSM simulation on a
A s ma Icdseecoudd be conducted.
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