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Abstract: After the realization of the GVT (Ground Vibratiofesting) campaigns on the
AIRBUS A350 XWB 900 in 2013, the ONERA-DLR specrd joined team performed the
GVT of the A320 NEO Pratt & Whitney powered in J2@14. The specifications of this test
were particularly oriented to the updating of aewwad FEM (Finite Element Model) of this
new version of the A320. Concerning the GVT, thteda improvements on developed
methods and tools were applied, making the conmguleof the test successful in 7
measurement days for 2 mass configurations.

Concerning the GVT, the very short time devotedhis campaign imposed by a strict and

busy planning from the program leaders requirectiaforce in one hand the test techniques
and methods, mixing PSM (Phase Separation Methaas) PRM (Phase Resonance

Methods) and to optimize in the other hand the Wovk and the data deliveries to meet the

challenging test requirements. This paper desctibegprocesses followed and the methods
used in this particularly hard context and how éhosntributed to the successful achievement
of this challenging test campaign.

Concerning the FEM updating, an optimized processlieen applied to update the renewed
FEM, especially focusing on the updated componsuoth as pylons, engines, wings and
sharklets. This process - including correlationlysig, tuning FEM then validating tuned
FEM w.r.t GVT - has provided a means to tune FENhimia short time to support clearance
of first flight test.
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1INTRODUCTION

In July 2014, the ONERA-DLR specialized team did tBVT (Ground Vibration Testing)
campaign of the AIRBUS A320 NEO (New Engine Optioppwered by new Pratt &
Whitney 1100G-JM engines. The GVT was performedh@MSN 6101 aircraft, for a period
of 7 measurement days, in the AIRBUS facilitieSSafnt Martin du Touch (France).

The very short time devoted to this test campamppsed by a strict and busy planning from
the A320 NEO program management, required to imptbe ONERA-DLR test techniques
and methods (ref. [1], [2] and [3]) and to define aptimized workflow to meet the
challenging test requirements in this time franiehé PSM (Phase Separation Method) was
the main used method, some specific modes weraddsatfied with PRM (Phase Resonance
Method).

Continuous exchanges with AIRBUS on the modal nmodeilt in “live” allowed adjusting
the test program in “real time” in function of résuand requirements.

The FEM updating is traditionally used for suppagtfirst flight clearance, for opening flight
domain and finally for flutter certification. Thigaper deals with rapid and preliminary FEM
updating for supporting flutter clearance of fiitgyht (2 months after GVT).
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Figure 1: GVT campaign of the A320 NEO PW MSN 619AIRBUS facilities (Toulouse, France)

2 A320 NEO DESCRIPTION

As the world’s best-selling product line, the A3Z2BO family continues AIRBUS reputation
for non-stop innovation — incorporating two new ieiegchoices, sharklets fuel-saving wingtip
devices and a further optimized cabin to delivdraatable efficiency and comfort.

These improvements result in a per seat fuel baving of 20 per cent compared to current
engine option (CEO) jetliners, along with additibr@nge, reduced engine noise and lower
emissions.

A320 NEO family consists of 3 versions (A319 ne@2A neo & A321 neo), powered with
new engines (the 1100G-JM engines from Pratt andné$or the LEAP from CFM).

The current paper deals with the GVT of the firs228 NEO, powered with 2 engines
PW1100G-JM. This aircraft performed its maiden oissrom Toulouse (France) on the'™5
of September, 2014.
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Figure 2: A320 NEO PW MSN 6101

3 GVT ORGANIZATION

3.1 Technical specifications

The objective of the A320 NEO GVT campaign wasftiewing:
- AJC test - to determine the modal characteristiche complete A/C (and its control
surfaces) for FEM validation:
0 Resonance frequencies
Mode shapes
Generalized mass & damping
FRFs (Frequency Response Functions)
o Structural nonlinear behaviour

© oo

Ground Vibration Test is an essential milestonetha aircraft development process for
aeroelasticity and supports load certification.

Practically GVT:
- Supports first flight clearance and flight domapeaing
- Is used as a means of compliance for Airworthinksthorities due to the aircraft
certification process

Tests were on the critical path of the program.datpn planning was reduced to the very
minimum thanks to an optimized workflow and to amh@&nced integration with Final
Assembly Line (FAL).
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Measurement and excitation strategies had both:
- To be optimized to fit with the strong time consita
- To be adjusted in “live” taking into account enctarad structural specificities:
o Toremain in acceptable levels versus structurdiraaterial limitations
o To provide the best measurement quality

Modal data were directly post-processed and weedyaed on site to allow “live” trouble
shooting and early model calibration.

3.2 Aircraft configurations

During this reduced and fixed time frame, the GVadhto address two fuel mass
configurations:
- Structural configuration 1 (C1) — main configuratiolight A/C, empty of fuel
- Structural configuration 2 (C2) — partial configtioa - outer wing tanks fully filled of
fuel

The control surfaces were set in neutral positrmrrgal law with no feedback).

The aircraft was put on suspensions to uncoupld bgdy modes from flexible modes. In
order to reduce the lead time, a new suspensiorcaevas designed using air-spring to
achieve low stiffness and straightforward indusiriglementation.

3.3 Equipment

For conducting such a GVT, it is mandatory to hareough equipment for vibration
excitation and for measurement of vibration respesn®ue to the size and weight of an
aircraft, the considered frequency range is typicdw. The upper frequency limit of
excitation was in this case not higher than 50 Hze lower limit of the frequency range
depended on the suspension characteristics. Exmegdedicated identification of resonance
frequencies of rigid body motions, the lower fregeyelimit of measurement was around 1.5
Hz. In order to address as far as possible straichonlinear behaviours, even for the very
first elastic modes, it is recommended to use gisakaving a long coil stroke to excite at
such low resonance frequencies and with suffiogxweitation force. It has also to be noticed
that current-controlled power amplifiers were usgsth shakers.

Tripods excitation devices were required to locdtakers at specific positions on the aircraft.
These tripods must be stable enough to carry shalet to compensate excitation force. In
addition, they must be capable of fine tuning thlative position of shakers with respect to
aircraft. On the other hand, the tripods must idelan elastic degree of freedom propitious to
avoid the undesirable motion of shaker bodies duth¢ possible flexibilities of platforms
and scaffoldings on which they are installed.
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Figure 3: View of the Z excitation of the left-haside  Figure 4: View of the Z excitation of the right-lthn
engine side wing

For risk mitigation purposes, excitation forces evemeasured twice with different
measurement principles. Primarily, excitation fereeere measured using piezoelectric force
sensors installed at each excitation point betwibenstructure and each exciter coil. In
addition, excitation forces were measured using) @airents provided by power amplifiers.
Displacement sensors, permanently installed insinddéers, were used to measure the relative
displacement of shaker armature in its housingvas$ useful for optimization of excitation
force signals in the very low frequency range, whire limitation is not the peak force of
shaker, but the driving point displacement resppasd to avoid any damage on shakers and
their connections with the aircraft.

The vibration responses were mainly measured imgeof acceleration response using
accelerometers qualified for the very low frequeranyge. A total of 490 accelerometers were
installed for the GVT on A320 NEO and were measuwigtlltaneously.

The whole data acquisition system was based on GNEBnd DLR’s combined LMS
Scadas Il frontends controlled by the LMS Test.Isalftware. Distributed data acquisition
was realized by placing the 8 LMS Scadas Il frodie at different locations around the
aircraft. These frontends were connected togetiierpical fiber cables to synchronize and
transfer data. V12L modules were used due to ey low cut-off frequency of analog
high-pass filter. As these modules provide a 24 ii@solution, the time-consuming process of
acquisition channels autoranging is useless.

A total of 20 excitation locations were applied @t, and then 8 for C2.
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Engine Z excitations (C1 & C2)
Engine Y excitations (€18 C2)

Fuselage Z excitations (VTP X & NLG Z) (C1 only)
HTP Z excitations - Front Spar (C1 only)
Elevator Z excitations (C1 only)

Wing Z excitations - Front Spar (C1 & C2)

Wing X excitations (C1 & C2)

Aileron Z excitations (C1 only)

SharkletY excitations (C1 only)

VTP Y excitation (C1 enly)

Figure 5: Excitation configurations with exciter locations

3.4 Teams

The work was organized in two shifts with 8 peopkr shift. A single team consists of
several positions:
- An engineer team leader
Technicians for shaker handling and connections
Technicians and engineers for excitation contradl data acquisition
Engineers for data checking, modal identificatiod anodel correlation

This kind of team setup guarantees a highly effici@VT performance, which is especially
relevant because of the short time slot offeredaibgraft manufacturers to conduct such a
GVT.

The work rate was 6 days a week, from 7 a.m. tp.&® during the 7 days of measurement.

Figure 6: GVT command rooms
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4 METHODS

Two complementary kinds of excitation methods wapplied during the tests. The Phase
Separation Method was mainly used to identify tloda structural behaviour. Additionally
some specific modes have been analyzed by the Resemance Method.

4.1 Phase Resonance M ethod (PRM)

PRM, the standard method used by ONERA and DLRafarraft GVTs before 2000, is
sometimes considered as an outdated method. NelesshPRM is up to now the most
accurate and robust method for modal analysis, cespye when nonlinear structural
behaviour is encountered. Contrary to PSM, PRM domeake a structure vibrate as a purely
real mode by finding the best excitation force gratt then it gives a snapshot of a mode and
does not need any complex mathematical algoritbongdst-processing. Methods such as
Force in Quadrature and/or Complex-Power are appieevaluate both structural damping
coefficients and generalized mass values. EveriRMRould be very time-consuming, it is
still mandatory to keep the ability to apply it thg a test since its precision is worth the
effort.

4.2 Phase Separ ation Method (PSM)

PSM was used most of the time since it has the dmspromise between time-consuming
and modes providing. FRFs are obtained from apglyendom or swept-sine excitations
using electro-dynamic shakers. The majority of &xatonfigurations consists of two shakers
that are operated simultaneously due to the synyroéthe aircraft structure.

Preliminary swept-sine excitations at low forcerandom excitations give a first series of
FRFs. First, low level information of structuraspmnse is needed to not exceed predefined
threshold levels for maximum acceleration on dddatacomponents during high level
excitation runs. Based on the low level FRFs, thec& Notching process, introduced for the
AIRBUS A380-800 GVT in 2005, is applied. Frequendgpendent excitation forces are
calculated without exceeding the maximum levelaafeleration required by AIRBUS and
the maximum coil strokes available in each exciter.

4.2.1 Data workflow for PSM

In the last 15 years, the switch from PRM to PSM &ircraft GVTs was completely
performed. One of the main reasons is to saventesitne. Nevertheless the effort for post-
processing has risen significantly. Using PRM isvgaiite simple to establish a modal model
of the structure with high quality and perfectlycggd modes. It was also easy to identify
problems or even mistakes during excitation. Toesxgha comparable quality using broad
band excitation, advanced testing strategies stariom exciter signal generation, over
signal processing to data delivery are needed. B Peach mode was excited using
different force levels if requested just from agbenexciter configuration. Directly after
acquisition, the captured mode could be deliveedhe customer. For PSM, modes are
identified multiple times from different exciter miogurations and a selection process for the
“best” modes needs to be carried out afterwards.
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The workflow related to the application of PSM anaircraft structure is shown Irigure 7.
The ONERA-DLR GVT team relies on an LMS SCADAS ¢$iystem with LMS Test.Lab
software. Efficient tools that interact with the BMTest.Lab environment optimize the
processes from data acquisition with user defingghats, signal processing, modal
identification and modal model correlation.

Time domain Frequency domain i Modal domain
Templates Low excitation profiles
" Final modal
— : - . Experimental —_ model
So!m:e driving | Time _| Signal processing Modal ' Filtering Nonlinearity
& time data data Single Virtual Driving [~ FRFS | Identification —Modes—» matching [ —> o
isiti 5 .
acquisttion Point processing Curve-fitting, 3 sortering

FRF
synthesis

Templates —| High
profiles computation

Figure 7: Data workflow for PSM

Basically there are three important tools to mentiwat improve the efficiency and the data
quality achieved by the ONERA-DLR team during th&TGwith the Phase Separation
Technique:

1. Force notching: User defined and perfectly optimized excitatiagnsis for single and
multipoint swept sine excitation

2. Sngle virtual driving point processing: Processing of data from correlated multipoint
swept sine excitation runs directly into a singlelumn of frequency response
functions

3. Correlationtool: SQL-based database software environment for stoxagualization,
interpretation and correlation of all identified des before the final delivery to the
customer

On-site signal processing and modal identificatfmocess is an essential pre-requisite;
otherwise problems and mistakes in a setup witldieds of sensors can neither be identified
nor corrected. Through on-site analysis, resultsbmdelivered to the customer immediately.
In fact, the customer has a view-client accesshto germanently growing GVT database
which enables him to monitor the test progress @ngut emphasis on identification of
specific modes of interest.

4.2.2 SVDP

For an aircraft, swept-sine excitations are eiygnmetric or antisymmetric force patterns
applied with two shakers also installed in a synmimetetup. As forces are in this case by
definition correlated, it is not possible to use tH, estimator on the acquired time data
directly:

[Hl (“’)] :[PXX(“’)][PXF(“’)]_l (1)

Where Pxx(w)] and [Pxe(w)] are respectively the output and input-output poseectral
densities.

One solution consists to build augmented matrices fthe combination of all runs, for
instance two runs in the case of symmetric andsymimetric excitations. The Single Virtual
Driving Point (SVDP) process is preferred for severeasons (ref. [4] and [5]). First, it
allows the use of existing single input multipletmuts (SIMO) processing on each run. The
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FRFs are obtained much faster than waiting forctn@plementary run. Second, the modal
density is only half of the modal density from urretated excitation. Symmetric sine sweeps
only excite symmetric modes which allows for anieasodal identification.

The SVDP process defines a mathematical construaifoa virtual driving point, which
would have given rise to vibratory responses $yreimilar to those obtained with correlated
forces. SVDP relies on the equivalent complex power

(Pla) = 3 (7 (@)X (@) =(7 (@} % () @

shaxers

Where{Fs(w)} is an excitation force acting on a driving poﬁnt{Xs(w)} the velocity at
driving point s, { F, (w)} the virtual force an{dva(w)} the velocity response of the virtual

driving point. The virtual driving point does nokist physically. It is just an imaginary
driving point of the virtual force. It is importatd note that the single virtual force acting on
this single virtual point has exactly the same &tcin energy as the multi-shaker setup and
produces exactly the same response. Once the Svegs has been applied, SIMO FRFs
with regard to the virtual driving point are obtathand classical curve-fitting can be directly
used on them. The additional degree of freedomhefrhode shape vector related to the
virtual driving point can be removed after modahlgsis and normalization can be applied to
the mode shape vector and the generalized mass.

4.2.3 Force Notching

The classical broad band excitation signals foctededynamic shakers are random and swept
sine signals. Random signals can be used to gastairfsight of the structural dynamic
behavior at a very low level of input energy. Indiethe total energy is distributed in all the
frequency range of excitation.

Swept sine excitation signals are more appropriate@chieve higher response levels of
energy. Nevertheless, it is necessary for airorddtation testing not to exceed predefined
thresholds of response levels that are either giyetine customer (typically max. g level per
component of the structure) or that are physicgliyen by the maximum stroke and the
maximum force limit of the electro dynamic shaker.

..............

Figure 8: Force notching results on the engine Z excitation configuration
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4.2.4 Modal identification and quality assessment

From a theoretical point of view it would be suiict to use only very few excitation points
to excite all modes of an aircraft, but the pradti@pplication shows that several excitation
configurations are needed during GVT: vertical da@ral engine excitations, vertical and
axial wing excitations, HTP excitation, VTP exditat, and possibly many others as well. The
general goal is to put as much energy as possienode, i.e. to increase the level of
generalized force until maximum per mode, as itycally performed when using PRM.
These numerous tests are mandatory for optimizmegreliability of experimental modal
model and taking into account nonlinear structimethavior. In practice, for each excitation
configuration, several runs are performed at cifierlevels of excitations. From all these
runs, each structural mode can be identified aifsgggnt number of times. During the modes
sorting and filtering process, the whole set of p®dlentified by curve-fitting is carefully
analyzed by structural engineers and sorted by@atu

All identified modes are stored into a databaseesyswvith multi user access. Each mode is
stored not only with its modal properties but algith numerous fields containing meta-
information and other mode shape describing qeadifiA specially designed software tool
called “Correlation Tool” was developed to revidve imodes in the database. The Correlation
Tool uses an SQL database that is running on aes&€. Graphical user interfaces for
database access, e.g. for correlation or visualizgiurposes, can be installed on different
computers, even on the customer computer to gili@eeoaccess (read only) to the current
modal data.

Taggedhtodes

Figure 9: Correlation tool

A typical view of the Correlation Tool is shownhigure 9. Several windows showing modal
properties of the correlated modes can be plugged i

One feature of this database software is that mathésh have been identified from different
FRF datasets with almost identical properties cagiouped in a mode family based on the
Modal Assurance Criterion (MAC). For each familye tmost representative mode is selected
as a member of the final modal model deliveredh dustomer. To support the process of
correlation of modal datasets and finally the gatien of the final modal model different
guality indicators and other criteria are applitd, example, level of excitation, generalized
force and value of Mode Indicator Function (MIFeaused here. The concept of mode
families can also be applied to evaluate varighdit test results or even to analyze the results
in terms of nonlinear behavior. If the members ofi@e family are considered to be reliable
enough (i.e. confidence in the results assesseduayity indicators), they can become
affiliated to a "master mode" and their dampingosatand resonance frequencies can be
plotted as a function of force level or other pagéen of the database.

10
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After correlation of all identified modes specificodal model modes can be analyzed for
nonlinear effects. The correlated family can beuaiged by frequency and damping over
generalized force.

Since the SQL database has the capability of rag#r access, the GVT manager can control
the current status of the analysis from any PQénrtetwork. Even the customer gets a “read
only” account from which an export of the curremtdal model in the Universal File Format
is possible. This enables the customer for onnsddel correlation.

During the A320 NEO GVT, the work of modal correatwas a specific challenge. Finally,
the huge amount of data was condensed down fromt @32 1poles identified from all FRF
datasets to only 78 master modes in the final modadel for the main configuration. For
sure, this correlation work had to be performed ishort period of time leading to specific
requirements of the graphical user interface ergocs

425" Live" feedback from AIRBUS

The correlation tool with its multi user access atfase offers the customer utmost
transparency of the modal data. In addition ONERA BLR share the work progress table
of all individual working stations (exciter preptioa, data acquisition, modal identification
and modal correlation) in an online multi user @asoeorksheet presentedHigure 10.

DNERA A320 NEO GVT G oussies et
- - DLR  f0r Luft- und Raumdabet ¢V
C1: Light A/C (OWE) - On suspensions

ENG Z: Engine Z excitation (Blocked Suspension)

e
e

e o hat s ¥

Figure 10: “Live” work progress of the test

The status of data acquisition and processing edanagked easily by everybody in the team.
This tool is available for the customer. In combima this visibility allows instantaneous
decisions from the customer for next exciter camiigions. Access to analysis results
significantly contributed to achieve this GVT halflay in advance.

11
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5GVT RESULTS
5.1 Structural configuration 1 (C1)

5.1.1 PSM

During structural configuration 1, 147 runs weref@ened for 10 exciters configurations. For
each excitation configuration, a first random extdiin was done, to quickly define the
frequency ranges of interest. Then, swept-sine ta&xmns with constant or notched
amplitudes were done in different frequency bands.

In fact the frequency range was divided in 2 bahasto mechanical reasons:
- For low frequencies (below 10 Hz), the bungeeshef éxciters suspension devices
were blocked
- For high frequencies (above 8 Hz), the exciter snsjn devices and the push-pull
rods were stiffer than the ones used for low freqydands

A total of 3321 modes were identified during thestgprocessing of C1. From this whole set,
1346 were kept to form 78 family of modes. Finalll8 modes were considered as master
modes (one per family mode) and formed the modallahthat should be used for FEM
updating and flutter computation. More specificalyl main structural modes were selected
up to 20 Hz, and control surface modes were idedtifip to 50 Hz.

Number of Modes per Excitation Configuration in Modal Model + Tagged Modes

Project: A320neo - Configuration: C1 - Modal Model: C1_ModalModel

250 — 1400

203 1200
R
174
169 165 164 159 1000
125
— 1246
600
100—|
73 65
— 400
e T
50— ——
200
0 0

C1_ENG Z CI1_WLT.Y CI_FUSZ CI_WINGZ C1_ENGY CI1_WINGX C1_HIP.Z C1 ELEZ CIVIP.Y C1 OBAZ Total
Figure 11: Distribution of selected modes per @xsitonfiguration

On Figure 11, the distribution of these 1346 modepresented as a function of exciters
configuration. It could be noticed that most of resdvere obtained by excitations on the
engines, the wings and the fuselage.

12
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Figure 12: Shape of the 3 nodes wing bending médleecstructural configuration 1

For each mode of the modal model, mode shape, nealty plot, MIF by component and
scatter plots were provided. An example of suchrmftion is depicted on Figure 12, Figure
13 and Figure 14 for the 3 nodes wing bending mode.
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Figure 13: MIF per component of the 3 nodes wingdirg mode

Introduced in 1994, the Mode Indicator Function Biper component is very valuable
because it gives a clear idea of the quality ofiifieation in terms of mode complexity. For
example, on Figure 13 it can be observed that obepart (here the nose landing gear NLGS)
was not purely in-phase (or out-of-phase) for gagicular mode, because its MIF was about
0.65, while other MIFs were all above 0.9 (blueshaNevertheless, its maximum amplitude
ratio (orange bar) was weak compared to other parts

13
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3n_wing_bend-A
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Figure 14: Nonlinearity plots (frequency, dampimgl alisplacement as a function of generalized foof¢he 3
nodes wing bending mode

The evolution of resonance frequency and dampitig e& a function of force level is given
by nonlinearity plots (see an example on Figure Id)general, frequency decreases as a
function of force, while damping increases. Butéed each mode can show a different
pattern, because these evolutions are very casmdept.

Figure 15: Auto-MAC of structural configuration 1

The auto-MAC of structural configuration 1 is ddpat on Figure 15. The matrix is mainly
diagonal, with few noticeable extra-diagonal terifisey are due to modes whose shapes are
very similar. For such modes, in general the movenoé a sub-part (a landing gear for
example) can help an analyst to distinguish betviieem.

5.1.2 PRM

As requested during the follow-up of the GVT, theaBe Resonance Method (PRM) was
performed on the two vertical symmetrical and agtiametrical engines modes for structural

14
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configuration 1. Two exciters located on the twa@iaas were sufficient to guaranty a very
acceptable MIF value for the targeted modes.

The PRM has been applied with respect to the fonteduced in the exciter coils with
current controlled power amplifiers, force cell senresponses being acquired for possible
backup processing. Due to very small friction ie toil control and due to the absence of
springs inside exciter, only the coil mass (3 kg pal for those exciters connected to the
engines) impacts the modal identification.

Views of these two mode shapes are givefigare 16 andFigure 17.
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Figure 16: Shape of the symmetrical vertical engines Figure 17: Shape of the anti-symmetrical vertical
mode obtained by PRM engines mode obtained by PRM
5.1.3 PSM vs. PRM
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Figure 18: Comparison of nonlinearity plots for the symmetrical vertical engines mode

Nonlinearity plots are really similar when we comgthe symmetrical vertical engines mode
identified by PRM and PSM (see its shapeFagure 16 and the comparison dfigure 18).
Less than 0.01 Hz of difference is observed on onpaal resonance frequency and less than
0.2 % on damping ratio. These differences areyaatiall and are considered as acceptable.

5.2 Structural configuration 2 (C2)

In structural configuration 2, 29 runs have beeqguaed with 4 exciters configurations
corresponding to 8 exciter locations.

15
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A total of 506 modes were identified during the tgm®cessing of C2. From this whole set,
316 were kept to form 45 family of modes. FinalR8 modes were considered as master
modes (one per family mode) and form the modal rholst should be used for FEM
updating and flutter computation.

The Auto-MAC of C2 is depicted on Figure 19.

Figure 19: Auto-MAC of structural configuration 2
Differences between auto-MACs of C1 and C2 candipéaeed by two points.

First, frequency ranges of analysis were differédtHz for C1 and 20 Hz for C2. Then it is
normal that although C1 has 78 master modes, A2 isdgnited to 45 modes.

The second point deals with the modes quality ifleation. There is a strong link between
the richness and quality of modal bases and thebeurof exciters configuration. In fact,
when more exciters configurations are used (10QGar compared to 4 for C2), modes
involving complex movements of several sub-parésraore likely highlighted and then better
identified. Moreover, specific sub-parts such astia surfaces can only be identified with
dedicated exciter configurations, because they havieherently nonlinear behaviour.

6 FE MODEL UPDATING FOR FLUTTER CLEARANCE

After performing GVT in July 2014, in order to restuthe lead time, AIRBUS requested
ONERA-DLR to deliver the final results of a redudedl of modes in priority, those involved
in main flutter coupling. A rapid FEM updating toose GVT results was then performed to
create preliminary FEM for supporting flutter claace of First Flight test.

The principle of rapid process is described infthlewing steps:

1. Renewed FEM of A320NEO has been created based uifiece FEM of A320
Sharklet, with updated pylon and NEO PW engines HitM has
0 Mass model validated by GVT weight control
0 Suspension model validated by comparing rigid boayles between FEM &
GVT
o Stiffness model to be adjusted
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2. Frequency comparison and correlation analysis tweEM & GVT have been
processed with the reduced list of modes to quéliéyFEM w.r.t GVT results.

3.

“Trial and error” method

Based on analyzing results from previous step, toetbwith engineering judgment,
a quick process for adjusting FEM has been defitedhis process, Power Plant
System (renewed parts of FEM) was focused for uipglat

“Trial and error” method consists of two repeattaps:
o adjusting FEM: engineering judgment was applieddgbne group of elements

to be adjusted and amount of materials propemid®tvaried.
0 step 2 was then performed for adjusted FEM

After two iterations, the preliminary updated FEMtter matches GVT results (both
Cl and C2 configurations), especially for enginedes It was then used for
supporting flutter clearance of First Flight Test.

As shown in the following figures, the FEM updatihgs improved the frequency
correlation without significant degradation of matape.

DOinitial FEM / GVT
DOquick updated FEM / GVT

-10%

Frequency comparison: FEM vs GVT - C1
5%

0%

10%

2 NZ wing bending (Sym)
3 NZ wing bending (Anti)

Lateral engine (Sym)

Lateral engine (Anti)

Vertical engine (Sym)

Vertical engine (Anti)

2 NZ fuselage bending (Sym)

2 NX Wing (Sym)

4 NZ wing bending (Sym)

Sharklet bending (Sym)
Sharklet bending (Anti)

Table 1: Frequency comparison of initial FEM vs. TG&hd updated FEM vs. GVT (main

configuration)

DOinitial FEM / GVT 0%

Bquick updated FEM / GVT

20%

MAC between FEM and GVT modes - C1
40%

60% 80%

100%

2 NZ wing bending (Sym)

3 NZ wing bending (Anti)

Lateral engine (Sym)

Lateral engine (Anti)

Vertical engine (Sym)

Vertical engine (Anti)

2 NZ fuselage bending (Sym)

2 NX Wing (Sym)

4 NZ wing bending (Sym)

Sharklet bending (Sym)

Sharklet bending (Anti)

Table 2: Correlation of initial FEM vs. GVT and widd FEM vs. GVT (main configuration)

Frequency deviation (%) = (Freq_FEM - Freq_GVT)(FréVvT

Sym : Symmetric
Anti : Anti-Symmetric
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7 CONCLUSIONS

Ground Vibration Test is a major milestone on thitical path of aircraft development
process. It is performed for several goals. Fifstlh it delivers the modal model which can
be used for flutter predictions and FE model updgtirhe results of computation are then a
support for first flight safety and allow a fasgfit domain opening. And finally, they serve as
means of compliance in front of Airworthiness Auikies.

The success of such a test relies on several comeplary aspects. High-end test hardware
and best in class customized software were devejopplemented and used for productivity
and quality. Innovative methods and optimized wonkf inspired from production line
enables a time reduction without decreasing theuatnof data. Of course, the human factor
is also a strong feature during a test. Highlylsdil integrated and flexible teams (AIRBUS
and its subcontractors, DLR and ONERA) were paldity involved during this test, and
their work is directly linked to the quality of detred results. Thanks to all these elements,
the A320 NEO GVT was fulfilled in a record time (ha day in advance), with respect to
very challenging specifications and with all exeelctesults delivered in required quality.

During GVT campaign, continuous exchanges betweBERA-DLR & AIRBUS on the
modal models built in “live” allowed

- GVT teams to adjust the test program in “real time”function of results and
requirements.

- AIRBUS to anticipate the correlating & updatingmgliminary FEM for supporting
First flight clearance as well as to acceleratghtlidomain opening
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