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1. Introduction

Flutter assessment and aeroservoelastic stud-
ies rely on structural and aeroelastic models
that are both predictive and consistent with
the as-tested experimental configuration. In the
context of the F-XDIA aeroelastic wind-tunnel
demonstrator recent modifications of the sup-
port system and of the pylon to model interface
introduced non-negligible changes in boundary
conditions and low-frequency dynamics. These
updates motivate a dedicated effort to revise the
corresponding finite element model (FEM) and
to re-establish a credible numerical representa-
tion of the current hardware.

The work presented in this thesis connects the
evolving experimental set-up with its numerical
counterpart by delivering an updated FEM cor-
related against Ground Vibration Test (GVT)
data. Modal correlation is addressed through a
physically motivated set of localized connection
interface and pylon to model compliances rep-

resented by CELAS elements. Their values are
updated via a constrained optimization loop im-
plemented in MATLAB, and assessed by com-
bined frequency agreement and mode-shape cor-
relation metrics, with mode pairing validated
through MAC matrices. A DMIG-based path-
way is employed to integrate externally gen-
erated high-fidelity structural portions within
the NeoCASS aeroservoelastic environment, pre-
serving the dynamic contribution of critical sub-
structures while maintaining a modular assem-
bly.

Building on the correlated structural
model,aeroelastic  analyses are performed
to compute flutter boundaries under the latest
boundary-condition configurations.  For the
free-pitch installation (Configuration 3), the nu-
merical prediction identifies a first instability at
Vi1 = 40.8 m/s, in close agreement with the ex-
perimental FRF-based marker at V' ~ 40.2 m/s.
The associated flutter mechanism is interpreted
as a symmetric bending—torsion coupling, and
the comparison against wind-tunnel data is
used to discuss model credibility, limitations,
and possible extensions, including broader
structural parameter updates and damping
characterization .



2. F-XDIA model

2.1. Model overview

The F-XDIA is a scaled aeroservoelastic demon-
strator designed for systematic flutter testing
and for evaluating control-oriented methodolo-
gies, including AFS and the interaction between
rigid-body stabilization (SAS). To enable re-
peatable testing while progressively increasing
experimental realism, the installation method
evolved through four representative boundary-
condition configurations, spanning a baseline
clamped support and released pitch/roll degrees
of freedom at the pylon to model interface.
These same configurations were adopted in the
latest GV'T campaign to minimize discrepancies
induced by boundary conditions and to build a
consistent modal reference for correlation and
aeroelastic prediction [2].

2.2. Latest model modifications

Recent test campaigns showed that the support-
system dynamics and the pylon—model inter-
face details can significantly influence the low-
frequency spectrum. These effects become par-
ticularly relevant when rigid-body degrees of
freedom are released, as small assembly varia-
tions may alter modal spacing and correlation
robustness. To improve repeatability and oper-
ational safety, two main hardware upgrades were
introduced [4, 8]:

(i) Pylon upgrade. The original actu-
ated pylon was replaced by a stiffer tubu-
lar steel support. This change reduces
parasitic compliance and mitigates low-
frequency artefacts, increasing stiffness
margins for flutter testing [4].

(ii) Pylon to model joint redesign. The
effective gimballed joint was relocated
above the model centre of gravity to avoid
the inverted-pendulum behaviour previ-
ously observed in the free-to-roll con-
figuration. The redesign improves pas-
sive static stability and enables a clearer
separation between stability augmenta-
tion (SAS) and Active Flutter Suppression
(AFS) roles [8].
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Figure 1: F-XDIA inside Galleria del vento with
it latest configuration.

3. FEM model modification

3.1. Model modularization

The FEM was modified to reflect the latest py-
lon and pylon to model interface modifications,
while preserving a modular structure suitable
for iterative assembly and targeted editing. A
practical strategy based on INCLUDE files was
adopted to isolate major subsystems (e.g., py-
lon, wing spar) and to reduce the risk of in-
consistencies when multiple upgrades are intro-
duced across a large NASTRAN dataset. The
CAD to FEM implementation was carried out in
FEMAP/NASTRAN, enabling controlled modi-
fications of local mesh regions affected by the
new support and joint architecture, while keep-
ing the global model compatible with the subse-
quent correlation workflow.

3.2. DMIG-based NeoCASS interface

NeoCASS was selected as the aeroservoelas-
tic environment because it supports an effi-
cient path from an FE structural description to
reduced-order models suitable for flutter predic-
tion and control-oriented state-space synthesis
[1]. Since NeoCASS does not natively implement
all structural modelling details available in in-
dustrial solvers, a direct matrix I/O route based
on NASTRAN DMIG was employed to import
externally generated high-fidelity structural por-



tions [5, 7|. In the finalized workflow, selected
subsystems (notably the solid-meshed joint re-
gion and the plate-based wing spar model)
were exported as mass and stiffness matrices
and integrated into the NeoCASS structural
dataset, preserving their dynamic contribution
while maintaining a modular global assembly.

3.3. Redesigned pylon to model at-
tachment

The pylon to model attachment was redesigned
to improve static stability and repeatability
when releasing rigid-body degrees of freedom
at the interface. In the previous arrangement,
the effective joint location was such that the
free-to-roll configuration exhibited an inverted-
pendulum behaviour, introducing a strong sen-
sitivity of the low-frequency dynamics to small
assembly variations. The redesigned attachment
relocates the gimballed joint above the model
centre of gravity, promoting passive static stabil-
ity and providing a cleaner separation between
stability augmentation (SAS) and Active Flutter
Suppression (AFS) objectives [4, §].

From a modelling standpoint, the attachment
region is critical because it governs the transi-
tion between: (i) clamped boundary conditions
(Configuration 1) and (ii) released pitch/roll
configurations (Configurations 2-4), which in
turn affect the lowest part of the spectrum
and may trigger mode re-ordering. Therefore,
the FEM modification explicitly introduces the
redesigned attachment geometry and provides
a configuration-driven way to activate/release
pitch and roll while keeping the remaining DOFs
constrained.

The attachment CAD was processed in FEMAP
to remove minor features not relevant for global
dynamics (e.g., small holes, negligible fillets) and
to ensure robust meshing and node-to-node con-
nectivity across mating surfaces. The final at-
tachment is represented as a solid-meshed sub-
structure (first-order CHEXA elements) with a
mesh density compatible with repeated eigen-
solutions during the updating loop. The solid
region is then connected to the surround-
ing beam/plate model through shared interface
nodes and /or a limited number of kinematic con-
straints to avoid artificial local stiffening.

To enable consistent switching among configura-
tions without remeshing, the attachment is in-

terfaced to the global model through a reference
node and a rigid spider (RBE2) defined at assem-
bly level. The rigid element constrains transla-
tions and yaw while allowing the selective release
of roll and/or pitch:
e Cfg. 1 (clamped): all rotational DOFs con-
strained (equivalent fixed interface);
e Cfg. 2 (free roll): roll DOF released, pitch
constrained;
e Cfg. 3 (free pitch): pitch DOF released, roll
constrained;
e Cfg. 4 (free roll + pitch): both roll and
pitch DOFs released.
This separation between kinematic release
(through the RBE2 DOF set) and compliance
modelling (through CELAS design variables)
keeps the updating problem physically inter-
pretable and prevents the optimization from
compensating boundary-condition effects via
non-physical stiffness changes.
The redesigned attachment is complemented by
localized equivalent compliances (implemented
via CELAS elements) representing the net flex-
ibility of local joint effects that are not ex-
plicitly captured by the idealized rigid con-
straints. These compliances are the parameters
updated in the optimization loop (Section 5),
while the redesigned attachment provides a more
stable and repeatable baseline boundary condi-
tion across configurations.

(a) Redesigned pylon to (b) FEM representation of
model attachment pylon to model attachment
region

Figure 2: Redesigned pylon to model at-
tachment:  (a) updated joint architecture
with relocated gimbal, and (b) correspond-
ing FEM representation enabling configuration-
driven pitch/roll releases without remeshing.



4. Ground
(GVT)

4.1. Latest campaing

Vibration Test

A dedicated GV'T campaign was performed with
the model installed on the pylon according to the
wind-tunnel set-up, in order to provide a consis-
tent experimental modal database for correla-
tion [2]. Four configurations were tested, span-
ning clamped and released pitch/roll boundary
conditions; when pitch and /or roll were released,
a rope—spring restraint limited rigid-body trans-
lations without significantly altering the elastic
dynamics.

Figure 3: Ground Vibration Test set-up for the
F-XDIA.

Table 1: Summary of tested configurations in
the latest GVT campaign [2].

Cfg. Constraint condition Notes / implementa-
tion
1 Clamped to pylon Baseline condition;  ref-

erence dataset adopted
for the main correla-
tion/update activity.

2 Free roll hinge Roll  released at the
pylon—model interface;
rope-spring system used
as translation limiter.

3 Free pitch hinge Pitch  released at the
pylon—model interface;
rope-spring system used
as translation limiter.

4 Free roll and pitch hinges Both roll and pitch re-
leased; rope-spring system
used as translation limiter.

4.2. Instrumentation, excitation and
identification

The test set-up combined multiple accelerome-
ters distributed on the lifting surfaces and fuse-
lage, and employed a controlled excitation strat-
egy to ensure sufficient observability of the dom-
inant elastic families. Modal parameters were
identified through standard frequency-domain
processing and validated through consistency
checks (e.g., AutoMAC coherence). As ex-
pected, the lowest part of the spectrum is the
most sensitive to boundary condition releases,
while the primary elastic wing modes (bending
and torsion) remain comparatively stable across
configurations |2, 8].

5. FEM model updating
5.1. Updating strategy and metrics

The updating activity was intentionally con-
strained to a limited and physically interpretable
parameter set, avoiding global mass/stiffness
updating that may mask modelling errors
through non-physical compensation.  Local-
ized interface and component-connection com-
pliances were represented through CELAS ele-
ments and treated as design variables via di-
mensionless scaling factors applied to nominal
stiffness values. For each design variable, a Neo-
CASS modal analysis was performed and the re-
sulting frequencies and mode shapes were com-
pared against the GVT targets using: (i) fre-
quency mismatch metrics (including RMS rel-
ative error over a selected mode set), and (ii)
mode-shape correlation through MAC matrices
to validate modal pairing and preserve mode
identity [3].
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Figure 4: Block diagram of the FEM updating
optimization workflow.

5.2. Design variables (selected CELAS
set)

The design variable set was selected to repre-
sent the most influential interface regions identi-
fied from engineering judgement and prior cam-
paign experience, including pylon to model com-
pliance, ground to pylon compliance, and local-
ized tail to fuselage and vtail to htail connec-
tions. The corresponding CELAS IDs used as de-
sign variables in the main optimization (Config-
uration 1 target dataset) are reported in Table 2.

Table 2: Set of CELAS elements selected as design
variables for Configuration 1 correlation.

Interface / physical mean- ID, ID, ID.
ing

Tail-fuselage compliance 20 21 22
Pylon—fuselage compliance 9200 9201 9202
H-tail-V-tail compliance (set 50301 50302 50303

A)

H-tail-V-tail compliance (set 50401 50402 50403
B)

H-tail-V-tail compliance 30 31 32
Ground-pylon compliance 101 102 103

5.3. Objective function and con-
straints

The design variables are defined as dimension-
less scaling factors collected in the vector s €
R™v and applied to the nominal stiffnesses:

kicorr =s; k,;ni’ 7 = 1, cee s Ny (1)

For a given s, a modal analysis provides the
numerical frequencies f"™(s) and mode shapes
@™ (s), which are compared against the GVT
targets fiGVT and (biGVT over a selected set
of N modes (rigid-body modes excluded when
present).

Mode pairing and MAC. Mode pairing is
established by maximizing the Modal Assurance
Criterion (MAC) over the selected mode set. For
a candidate pair (7, ), the MAC is computed as

GVIT gn(s)|

MACZ] (S) = .
(§FVTTHENT) (@7 ()67 (s))
)

After pairing, each experimental mode i is asso-
ciated to one numerical mode 7(7).

Objective function. The objective combines
frequency agreement and mode-shape correla-
tion:

min J(s) = wy J¢(s) + wnmac Jmac(s), (3)

where
L O fe) — 1T
i=1 ?
LN
JMAC(S) = N (1 - MACz,ﬂ'(z) (S)) ) (5)
i=1

The weights wy, wyac are selected to balance
the contribution of frequency and mode-shape
terms within the optimization loop as 0.5 .

Constraints. The optimization is solved un-
der bound constraints enforcing positive ranges:

05<s<2  i=1,...,nq.  (6)



mgn J(p) = 0.5 Jyac(p) + 0.5 Jy (p)
s.t. 0.5 <p; <2, i=1,...,18,
F(p) - IV

—Jk
ovT < 0.05,

k=1,...,15,

MACkx(p) > 0.80, k=1,...,15,

P50301 = P504015
P50302 = P50402;

P50303 = P50403-

5.4. Optimization outcome: stiffness
changes

Table 3 reports the nominal and correlated stiff-
ness values for the optimized CELAS set, together
with scaling factors and variations. The update
shows that some connections require large ef-
fective changes to reproduce the experimentally
observed dynamic behaviour, highlighting the
difficulty of modelling complex joints explicitly
in a global FEM and motivating an equivalent-
compliance representation.

Table 3: Design variables before and after the
optimization process (Configuration 1 tuning).

1D Ini. Corr.  Scale A[%]

20 2000 752472376.23 37523.60
21 6100 5854 0.96 —4.03
22 1500 1097 0.73 —26.87
30 20000 1191 0.06 —94.05
31 20000 1804141 90.21 8920.71
32 20000 1591615 79.58 7858.08
101 700000 811277 1.16 15.90
102 800000 782115 0.98 —2.24
103 20000 593061 29.65 2865.31
9200 35000 20140 0.58 —42.46
9201 9560 7576 0.79 —20.75
9202 22500 72248 3.21 221.70
50301-50401 20000 8544 0.43 —57.28
50302-50402 20190 39050 1.94 93.41
50303-50403 20000 10996 0.55 —45.02

5.5.

Correlation results across config-

urations (Cfg. 1-Cfg. 4)

The parameter set was tuned on Configura-
tion 1 (clamped to pylon). The resulting cor-
related model was then assessed on the remain-
ing configurations without any additional retun-
ing: only the boundary-condition change associ-
ated with each configuration was applied at as-
sembly level. When rigid-body freedoms are re-
leased, the lowest part of the spectrum becomes

more sensitive to pylon to model joint dynam-
ics and mode ordering may change more easily;
therefore, rigid-body modes are excluded from
the quantitative frequency assessment in the re-
leased configurations.

Table 4: Frequency-correlation metrics across
configurations (initial vs. correlated-on-Cfg. 1).

Cfg. BC Modes RMS;y,; [%] RMS.orr [%]

1 C 15 6.64 6.95
2 R 14 7.73 5.78
3 P 14 11.84 15.13

4 RP 13 15.87 20.18

Note: BC codes: C = clamped, R = free roll, P = free pitch,
RP = free roll + pitch. In released configurations, rigid-body
modes are excluded from the count (Cfg. 2: roll; Cfg. 3: pitch;
Cfg. 4: roll+pitch).

Configuration 1 (clamped): post-updat-
ing behaviour. On the updating configura-
tion, the overall RMS frequency error remains
of the same order, while the MAC matrix be-
comes more diagonal-dominant. This indicates
a more consistent numerical /experimental pair-
ing for most modes, with residual non-ideal cor-
relation mainly associated with closely spaced
families and modes with similar shapes.

Configuration 2 (free roll): transferabil-
ity improves. Since the first identified mode
is rigid body roll, it is excluded and the compar-
ison is performed over 14 modes. The correla-
tion tuned on Configuration 1 remains transfer-
able: the RMS relative frequency error reduces
from 7.73% (initial) to 5.78% (correlated), sug-
gesting that the updated interface stiffness rep-
resentation is not strictly configuration-specific.
MAC matrices confirm clear pairing for the main
elastic families, with limited off-diagonal peaks
attributable to mode re-ordering and increased
rigid-body content.

Configuration 3 (free pitch): increased
sensitivity and modal mixing. Since the
first identified mode is rigid body pitch, it is
excluded and the comparison is performed over
14 modes. When the pitch degree of freedom
is released, the low-frequency dynamics become
more governed by hinge/support behaviour and
by the coupling between rigid-body and elas-
tic content. Accordingly, the RMS relative fre-
quency error increases from 11.84% (initial) to



15.13% (correlated-on-Cfg. 1), and MAC matri-
ces show increased mixing. Despite this, the
correlated model remains suitable for aeroelas-
tic prediction (Section ??) because the insta-
bility mechanism is dominated by the coupled
bending—torsion family that is well observed and
correctly represented.

Configuration 4 (free roll 4 pitch): most
demanding case. In Configuration 4 the first
two identified modes correspond to roll and pitch
rigid body motions; therefore, they are excluded
and the comparison is performed over 13 modes.
This configuration is the most challenging for
transferability: the RMS relative error is 15.87%
for the initial model and increases to 20.18%
when applying the Configuration 1-based cor-
relation. MAC matrices reveal reduced diago-
nal dominance and stronger off-diagonal peaks,
consistent with increased modal mixing and
mode swapping among closely spaced modes.
These results motivate configuration-specific ex-
tensions of the updating strategy when strict
structural correlation is required under multiple
released degrees of freedom.

(a) Cfg. 2: freq. ini vs. (b) Cfg. 2: freq. corr vs.
GVT (RMS = 7.73%). GVT (RMS = 5.78%).

eeeeeeeee

(¢) Cfg. 4: freq. ini vs. (d) Cfg. 4: freq. corr vs.
GVT (RMS = 15.87%). GVT (RMS = 20.18%).

Figure 5: Frequency correlation transferability

for released configurations: Configuration 2 (top
row) and Configuration 4 (bottom row).

(a) Cfg. 22 MAC ini vs. (b) Cfg. 22 MAC corr vs.
GVT. GVT.

(¢) Cfg. 4: MAC ini vs. (d) Cfg. 4: MAC corr vs.
GVT. GVT.

Figure 6: MAC matrices highlighting increased
modal mixing when multiple rigid-body releases
are introduced (Configuration 4) compared to
the single-release case (Configuration 2).

6. Flutter analysis

6.1. Flutter criterion

Flutter prediction was performed in the Neo-
CASS framework by solving the coupled aeroe-
lastic eigenvalue problem over an airspeed
sweep. For each eigenvalue A\(V) = o(V) +
iwg(V), the damping ratio is computed as

E(V) = —W, (7)

and the commonly used aeroelastic damping pa-
rameter is g(V) = 2£(V). Flutter onset is de-
tected when the damping crosses zero (equiva-
lently 0 = 0 or £ = 0), marking the transition
from stable to unstable response.

6.2. Summary flutter onsets across
configurations

Table 5 summarizes the predicted flutter onsets
for the four configurations. Across all configu-
rations, the first instability is consistently as-
sociated with a symmetric wing bending—torsion
coupling. A representative mode-shape visual-
ization is reported in Figure 7. The second in-
stability typically involves a different coupling
pattern, with antisymmetric bending and tor-
sion and tail bending.
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Table 5: Predicted flutter onsets across configu-

rations.
Cfg. BC VF,l [m/s] VF,Q [m/s]
1 clamped 37.4 49.7
2 free roll 36.2 50.1
3 free pitch 40.8 47.1
4 free roll + pitch 39.2 49.2

Figure 7: First flutter mode shape (common
trend across configurations): symmetric wing
bending and wing torsion.

6.3. Configuration 1 (clamped to py-
lon)

For the clamped configuration, the predicted
instability mechanism of the first flutter onset
is consistent with a symmetric wing bending—
torsion coupling. Figures 8-9 report the stabil-
ity trends.
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Figure 8: Configuration 1: stability trends from
the NeoCASS flutter solution.
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Figure 9: Configuration 1: V —f and V —g dia-
grams (NeoCASS).

6.4. Configuration 2 (free roll hinge)

When the roll degree of freedom is released, the
low-frequency dynamics are more sensitive to
support/interface modelling; nevertheless, the
first flutter mechanism remains dominated by
the symmetric wing bending-torsion coupling.
Figures 10-11 summarize the results.
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(a) Root-locus evolution (b) V—g with flutter cross-
(Ctg. 2). ings (Cfg. 2).

Figure 10: Configuration 2: stability trends
from the NeoCASS flutter solution.
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Figure 11: Configuration 2: V —f and V —g
diagrams (NeoCASS).

6.5. Configuration 3 (free pitch
hinge)

For Configuration 3, two distinct instabilities

are identified: the first flutter occurs at Vi =

40.8 m/s, followed by a second flutter mecha-
nism at Vpg = 47.1 m/s. The first flutter mode
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is characterized by a symmetric wing bending—
torsion coupling, consistently with the trend ob-
served across configurations.

s -1 05 1

R“eal())l(Z.—r) [Hz] [m/s]
(a) Root-locus evolution (b) V—g with flutter cross-
(Cfg. 3). ings (Cfg. 3).

Figure 12: Configuration 3: stability trends
from the NeoCASS flutter solution. Flutter on-
sets detected at Vg1 = 40.8 m/s and Vpy =
47.1 m/s.
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Figure 13: Configuration 3: V—f and V —g
diagrams (NeoCASS). Two instabilities are de-
tected at Vi1 =40.8 m/s and Vo = 47.1 m/s.

6.6. Configuration 4 (free roll and
pitch hinges)

Configuration 4 is the most demanding bound-
ary condition, as multiple rigid-body releases in-
crease modal interaction at low frequencies. De-
spite the increased sensitivity, the first flutter
mechanism remains associated with the symmet-
ric wing bending—torsion coupling. Figures 77—
15 provide the predicted stability trends.
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(a) Root-locus evolution (b) V—g with flutter cross-
(Cfg. 4). ings (Cfg. 4).

Figure 14: Configuration 4: stability trends
from the NeoCASS flutter solution.
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Figure 15: Configuration 4: V—f and V —g
diagrams (NeoCASS).

7. Comparison with wind tun-
nel data (Configuration 3)

7.1. Experimental benchmark

The wind-tunnel benchmark is based on the
sum of measured Frequency Response Functions
(FRFs) between the aileron command (input)
and wing-tip accelerometers (outputs). Track-
ing FRF peaks across the velocity sweep enables
a direct interpretation of the dominant aeroe-
lastic resonances. Two prominent peaks remain
identifiable and are associated with wing bend-
ing and wing torsion. Approaching flutter, the
peaks move closer and progressively merge: the
peak coalescence around V' = 40.2 m/s provides
a physically interpretable marker for the onset
of the instability [6, 9].



Bending

Figure 16: Experimental FRF evolution with
airspeed for Configuration 3, showing bending—
torsion interaction and peak coalescence ap-
proaching V' ~ 40.2 m/s [9)].

7.2. Flutter speed and frequency
agreement

Table 6 summarizes the discrepancy between
measured and predicted flutter quantities for dif-
ferent modelling approaches. The initial model
underpredicts the flutter speed, while the model
correlated on Configuration 1 provides a close
match of the experimental marker (error ~
1.5%). A Configuration 3-specific update (per-
formed using the same methodology on the cor-
responding GVT dataset) provides an alterna-
tive correlated reference, also reported for com-
pleteness.

Table 6: Comparison of flutter speed and flutter
frequency for different modelling approaches.

WT Ini. Corr. Corr. C3
Vs [m/s] 40.20 36.10 40.80  39.00
ey (%] — 10.20 1.50 2.98
fa [Hz] 620 6.04 6.04 6.15
ey (%] —  2.58 2.58 0.80

7.3.

Beyond the scalar flutter marker, the compari-
son was extended by overlaying experimentally
identified modal frequencies and damping esti-
mates onto the numerical flutter branches. The
V — f comparison provides a visually guided
association between FRF peaks and numerical
eigen-branches approaching each other near flut-
ter; overall, the correlated model reproduces the
dominant frequency migration with good accu-
racy (order of a few percent over the investigated
range).

In contrast, the V' —g comparison is less consis-
tent: experimentally identified damping ratios

V—f and V—g trend comparison

10

show significant scatter and do not follow a ro-
bust trend that can be directly matched by the
numerical model. This is not unexpected, be-
cause damping estimation from FRF-based iden-
tification (especially close to modal interaction
and with limited signal-to-noise ratio) is typi-
cally less reliable than frequency estimation. In
this work, the update targeted only localized
stiffness/compliance terms and did not attempt
a dedicated damping update; therefore, the pri-
mary expected improvements are in modal spac-
ing and mode-shape consistency, rather than in
absolute damping levels.

flHz)

Figure 17: V—f comparison for Configuration 3:
experimental ARX-identified modal frequencies
(markers) overlaid on numerical flutter branches
(lines).

Figure 18: V—g comparison for Configuration 3:
experimental ARX-identified damping estimates
(markers) overlaid on numerical stability trends
(lines).

8. Conclusions

The thesis delivered an updated structural rep-
resentation of the F-XDIA wind-tunnel model
consistent with the latest hardware modifica-
tions of the support and pylon to model in-
terface, and established a practical correla-
tion/update workflow grounded on GVT data.
A constrained optimization strategy was devel-
oped to update a limited set of localized in-
terface compliances represented by CELAS ele-



ments, improving modal pairing robustness as
measured by MAC while maintaining compara-
ble frequency agreement on the target configura-
tion. Transfer to released boundary conditions
(free pitch) highlighted the increased sensitiv-
ity of low-frequency dynamics to hinge/support
behaviour, motivating configuration-specific ex-
tensions of the update when strict structural cor-
relation is required.

Despite these limitations, the correlated model
provided a credible aeroelastic prediction for the
wind-tunnel benchmark of Configuration 3: the
first predicted flutter onset at Vp; = 40.8 m/s
matches the experimental FRF peak-coalescence
marker at V &~ 40.2 m/s within about 1.5%,
and the instability mechanism is consistently in-
terpreted as a wing bending-torsion coupling.
Future work aimed at further improving gen-
eralization across configurations and matching
V—g trends would require an expanded updating
strategy including additional structural param-
eters beyond localized connection compliances,
together with dedicated damping characteriza-
tion.
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