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Abstract

Model updating can be seen as the introduction of corrections at parameters of the model to improve
the approximation of the model response to the experimental response. An example with interest
for this work is the adjustment of Finite Element (FE) models in the light of experimental data.
This work addresses the model updating issue with the development of a model updating procedure
based on the Multi-Degree of Freedom (MDOF) Transmissibility (TR) concept. The developed FE
model updating methodologies, based on the frequency response functions (FRFs) and TR correlation
functions, are implemented and tested using experimental testing data from a simple beam and an
aircraft-like structure. Comparing the experimental data obtained from structural testing with the
corresponding numerical data from the final updated FE model, it is concluded that both updating
procedures work rather effectively, so that in most updating simulations performed, a quite adequate fit
between the experimental and numerical data is achieved. However, it is also verified that the updating
parameter estimates are not unique, but dependent on the selection and number of updating parameters
considered, among other variables.
Keywords: model updating, frequency response function, transmissibility, correlation, Timoshenko
beam theory

1. Introduction

In the field of structural dynamics, engineers are
constantly challenged to design increasingly com-
plex products that must satisfy more stringent cri-
teria. Essentially, products must be quieter, safer
and more reliable as well as less expensive to build
and maintain.

Missing knowledge on material properties param-
eters, lack of proper models for complex structures
or connections or even just inaccurate parameters
for the model formulation, introduce discrepancies
between the experimental and the numerical mod-
els responses. Model Updating targets to modify
the stiffness, mass and damping parameters of the
system in order to get a better correlation between
the numerical response and test data [1].

Aerospace engineering is one of the most compet-
itive industries, combining the state of the art in
simulation techniques with extremely strict design
performance requirements. Such requirements com-
monly arise from economic and environmental as-
pects but also from norms and regulations imposed
by governing bodies to ensure that the established
safety standards are satisfied.

The major objective of this thesis is to create
an adequately efficient updating methodology that

does the adjustment of the FE model in a physically
meaningful way based on the concept of TR. The
relevant goals of this work are:

• the development of a FE model updating
methodology based on the FRF, making use
of correlation functions;

• the development of a FE model updating
methodology based on the TR functions, mak-
ing use of correlation functions;

• model validation and testing of the FE model
updating methodology developed for different
problems, using experimental data;

• discussion of the applicability of the model up-
dating methodology based on the TR concept
in comparison with the convention FRF model
updating methodology;

Section 2 addresses the major topics and the-
ory necessary to the work developed. These top-
ics include: linear elasticity theory for solids, FE
method, modal analysis, FRFs, TR functions and
correlation functions used in the updating process.

Section 3 is concerned with the numerical and
experimental methodologies adopted in this work.
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This includes the definition of the updating objec-
tive functions, description of the optimization algo-
rithm and updating procedures, and the description
of the experimental setup and experimental testing
procedure.

Section 4 corresponds to the results section of
this work. This section may be divided into two
major subsections. One relative to the analysis of
a simple beam structure and another where a more
complex aircraft-like model will be analysed. The
model updating methodologies developed are imple-
mented and tested for each one of the experimental
structures.

2. Background
Throughout this work the only type of FE that is
used is the beam element based on the Timoshenko
beam model theory.

From the dynamic equilibrium equations for a N
DOF system, the corresponding equation of motion
for a discrete system assuming viscous damping, is
written in a matrix notation as presented in equa-
tion (1).

[M ]{ẍ(t)}+ [C]{ẋ(t)}+ [K]{x(t)} = {f(t)} (1)

Analyzing the system for its harmonic response
properties by assuming steady-state conditions, so
that we have {x(t)} = {X} eıωt when {f(t)} =
{F} eıωt, the equation (1) becomes:

(−ω2[M ] + ıω[C] + [K]){X} = {F} (2)

The corresponding response model is given by
{X} = [H]{F}, where [H] corresponds to the re-
ceptance FRF matrix, defined as the ratio of dis-
placement to force.

In cases were only individual FRF are required,
the expression in equation (3) may be employed [2].

Hij(ω) =

N∑
r=1

φirφjr
ω2
r − ω2 + ıω(α+ βω2

r)
(3)

where all N modes are included, and i and j corre-
spond to the response and excitation locations re-
spectively in the eigenvector of mode r, ωr is the
frequency of resonance (rad/s) and α and β are the
mass and stiffness proportional viscous damping co-
efficients.

It has be proven that the FRFs can be computed
from a limited number of modes with sufficient ac-
curacy even for response analysis over a wide range
frequency range. Therefore, equation (3) can as-
sume the form as presented in equation (4).

Hij(ω) ≈
m∑
r=1

φirφjr
ω2
r − ω2 + ıω(α+ βω2

r)
(4)

where m can be rather small compared with the
total number of modes, m� N , reducing the com-
putational cost considerably.

The alternative forms of FRF matrices, in terms
of velocity and acceleration, are presented:

Mobility FRF : [Y ] = ıω[H]

Accelarance FRF : [A] = −ω2[H]
(5)

In this work, only the accelerance FRFs are used,
which will receive the notation of H instead of A.
The unis of these FRFs are (m/s2) /N .

The coordinates for a generic MDOF system pre-
sented in figure 1 can be defined as: (i) K is the
subset of coordinates where the external forces are
applied; (ii) U coordinates where the reaction forces
appear due to displacement constraints; (iii) C con-
stitutes all the other coordinates.

Figure 1: MDOF system illustration with the set of
coordinates K, U and C [3]

The receptance FRF matrix in steady state con-
ditions, relates the dynamic displacement ampli-
tudes {X} with the external force amplitudes {F}
as presented in the system (6).

 XK

XU

XC

 =

HKK HKU

HUK HUU

HCK HCU

 ·{ FK

FU

}
(6)

Assuming the responses at the reactions coordi-
nates U as zero, i.e. {Xu} = {0}, the force TR be-
tween sets of coordinates U and K can be expressed
as:

{FU} = [T
(f)
UK ] {FK} (7)

[T
(f)
UK ] = −[HUU ]−1 [HUK ] (8)

where the upper index (f) stands for force TR.
Finite element model updating is an inverse prob-

lem used to correct uncertain modeling parameters
leading to a better prediction of the dynamic be-
havior of structures [4, 5].

Finite element model optimization offer the pos-
sibility of identifying unknown model parameters by
iteratively reducing the discrepancy between calcu-
lated and the desired responses. In FE model up-
dating, the optimization procedures target the min-
imization of objective functions for which the input
data is given by the target responses of the system.
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Optimization algorithms can be classified accord-
ing to their convergence type into global optimiza-
tion methods and local optimization methods. De-
ciding which optimization method to apply ulti-
mately represents a trade-off analysis between the
accuracy of the solution and the time it will take to
reach the solution.

In the updating methodologies developed, the ob-
jective function is defined using correlation func-
tions applied to both FRF and TR functions [6].

The correlation function CSAC can be defined as:

CSAC(ωk) =

=

∣∣{HX}H {HA}
∣∣2

({HX}H {HX}) ({HA}H {HA})
(9)

where {HX} = {HX(ωk)} and {HA} = {HA(ωk)}
are respectively the measured and predicted re-
sponse vectors at matching excitation and response
locations and the upper index H represents the com-
plex conjugate transpose, i.e. Hermetian operator.

The function referred as the Cross Signature
Scale Factor (CSF) can be expressed as:

CSF (ωk) =

=
2
∣∣{HX}H {HA}

∣∣
{HX}H {HX}+ {HA}H {HA}

(10)

The values of these correlation functions range
between zero and unity, being 1 perfect correlation
and 0 no correlation.

The Cross Signature Correlation functions ap-
plied to the TR functions, are presented in equa-
tions (11) and (12).

CSAC(ωk) =

=

∣∣{TX}H {TA}∣∣2
({TX}H {TX}) ({TA}H {TA})

(11)

CSF (ωk) =

=
2
∣∣{TX}H {TA}∣∣

{TX}H {TX}+ {TA}H {TA}
(12)

where {TX} = {TX(ωk)} and {TA} = {TA(ωk)} are
respectively the corresponding measured and pre-
dicted TR function vectors for the discretization of
the frequency range.

3. Implementation
In this section the numerical methodology, con-
cerning the model updating and optimization tech-
niques adopted, and the experimental methodology,
giving a brief explanation of the experimental test-
ing procedures, are presented.

3.1. Model Updating and Numerical
Methodology

Model updating techniques are often described as
”iterative methods”. These methods work together

with a parametrized model, in this case a FE model,
and introduce changes to a pre-defined number of
design parameters on a elemental basis.

Considering that the FRF or TR amplitude val-
ues are obtained for a frequency increment of finc,
for a generic frequency range of 0Hz to frange, the
total number of frequency points used in obtaining
these values are defined as Nf = frange × finc.

It is presented next the general expression for the
objective function used in all updating methodolo-
gies developed, regardless of applying it to the FRF
or TR functions:

∆e = Nf −
Nf∑
k=1

(
CSAC(ωk) + CSF (ωk)

2

)
(13)

Note that perfect correlation requires that both
correlation functions assume the value 1 throughout
the frequency range considered (all frequency points
Nf ). This means that the summation of the average
between the two for all Nf , would return the exact
value of Nf , and consequently, the ”error function”
would return 0. On the other hand, for decreasing
values of either correlation functions, the objective
function value increases.

The numerical models created throughout this
work as well as all the necessary numerical analysis,
were done using the finite element method commer-
cial code developed by ANSYS APDL [7]. The op-
timization routine was implemented in MATLAB.
The interation between the two programs was ac-
complished by adapting the MATLAB code made
available in MathWorks [8].

A simple way of managing this interaction is for
example described in [9]. The FE analysis is done
by executing an ASCII script written in ANSYS
programming language APDL. This script is exe-
cuted in ANSYS batch mode, which starts and exits
the FE analysis software for each necessary analy-
sis.

In this work, the FE analysis program ANSYS
is kept running throughout the entire optimization
process, by writing the ANSYS APDL commands
directly in the ANSYS Command Window.

In the updating procedure, we will be using
a global optimization algorithm available in the
MATLAB optimization Toolbox [10], known as pat-
ternsearch.

In conclusion, the optimization routine consists in
running the objective function iteratively using dif-
ferent values for the optimization variables in each
iteration, until the required convergence is achieved.

Damping will be neglected for all the FE mod-
els created throughout this thesis. This will lead to
some amplitude discrepancies, between the numeri-
cal and experimental data, especially noted close to
the resonance frequency peaks.
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All the FE models generated throughout this the-
sis use simple beam elements based on the Tim-
oshenko theory, corresponding in ANSYS to the
Beam188 element.

3.2. Experimental Methodology

In the experimental testing it was used an impact
hammer (PCB 208C01), a Piezoelectric Accelerom-
eter (Bruel & Kjaer 4508 B), a Piezoelectric Force
Transducer (Bruel & Kjaer Type 8200), a Data Ac-
quisition Hardware for PULSE (Bruel & KjaerType
3160-A-042) and a computer with the Bruel & Kjaer
software PULSE intalled

The experimental setup scheme for a generic
structure is presented in figure 2.

In terms of software configuration, the frequency
range considered in all tests performed was 0Hz
to 400Hz with a frequency interval increment of
0.5Hz, which means that 800 frequency points were
considered for each frequency response curve ex-
tracted.

Figure 2: Generic scheme of the experimental setup

The results obtained for each curve extracted
included, the frequency response values for both
amplitude and phase, and the coherence between
the five different measurements performed to obtain
each curve.

The beam structure was suspended by two elastic
strings from a fixed support. Figure 3 illustrates the
experimental setup for the beam experimental tests.

Figure 3: Beam experimental setup scheme

The experimental setup of the aircraft-like struc-
ture for the experimental testing is presented in fig-
ure 4. The aircraft was also suspended by two elas-
tic strings from a fixed structure using two elastic
strings.

Figure 4: Beam experimental setup: general scheme
(left), detail of suspension (right)

For a more detailed discussion on experimental
procedures of this type, see e.g. [11] and [12].

4. Results

In this section, the two updating methodologies de-
veloped based on the FRF and TR correlation func-
tions, are tested for both the beam and aircraft
structures.

4.1. Experimental Beam Model Updating

In this subsection, the model updating procedure
will be performed using FRF and TR results ex-
tracted experimentally from a beam structure (see
figure 5).

Figure 5: Experimental (left) and finite Element
beam (right) models

The geometric and elastic properties of the steel
beam are presented in table 1.

The beam element used in ANSYS was a two-
node, 3D Timoshenko element, where each node
has six DOFs (ux, uy, uz, θx, θy, θz), corresponding
to Beam188 as mentioned in section 3. The rep-
resented nodes of interest 2, 11 and 20 in figure 5
are located along the x axis with coordinates x2 =
0.04875m, x11 = 0.4875m and x20 = 0.92625m, re-
spectively.

Beam Properties
Young’s modulus - E 208GPa
Density - ρ 7840kgm−3

Poisson ratio - ν 0.3
Shear coefficient - k 5/6
Length - L 0.975m
Section width - b 0.02m
Section height - h 0.02m
Moment of area - I 1.333× 10−8m4

Table 1: Elastic and geometric beam properties
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For the initial model, the beam structure will be
modeled in ANSYS using 20 FE with the reference
properties defined in table 1.

For the FRF-based methodology, the beam
length and Young modulus are used to update the
numerical model both separately and simultane-
ously.

The frequency range considered in all FRF model
updating simulations is [0Hz, 200Hz] and for both
experimental and numerical data, the frequency in-
terval increment is 0.5Hz, meaning in this case that
400 frequency points will be used to plot the FRF
curves. The FRFs used in the updating process are
H2,2 and H20,2.

For the updating of L and E separately, the ini-
tial values and the limits for the parameter values
during the updating procedure, are presented in ta-
ble 2.

Initial Lower limit Upper limit
L (m) 0.90 0.8775 1.0725
E (GPa) 190 187.2 228.8

Table 2: Initial and limit L and E values, FRF
updating

The final updated values length (Lupd) and
Young modulus (Eupd) for each of the updating
simulations as well as the relative error in respect
to the corresponding reference value (∆()rel(%) =
|(()ref − ()upd)()ref | × 100%) are presented in the
table 3.

Reference Upd ∆rel (%)
L (m) 0.975 0.97250 0.2582
E (GPa) 208 210.147 1.0321

Table 3: Final updated L and E values from FRF
updating

The initial, experimental and updated FRF
curves for both H2,2 and H20,2 amplitude values,
as well as the initial and final correlation functions
are presented in figures 6 and 7 for the FRF updat-
ing of the beam length L, respectively.

Figure 6: Initial (dotted line), experimental (full
line) and updated (dashed line) H2,2 (left) and
H20,2 (right), FRF updating of L

Figure 7: Initial (left) and final (right) correla-
tion functions CSAC(ω) (orange dashed line) and
CSF (ω) (black dotted line), FRF updating of L

The model FRF updating procedure is now used
considering two updating parameters L and E si-
multaneously.

The initial parameter and limit values for this
simulation are presented in table 4. The finally up-
dating results for each parameter are presented in
the table 5.

Initial Lower limit Upper limit
L (m) 0.90 0.8775 1.0725
E (GPa) 190 187.2 228.8

Table 4: Initial and limit beam length (L)and
Young’s modulus (E) for FRF updating

Reference Upd ∆rel (%)
L (m) 0.975 0.9609 1.4423
E (GPa) 208 198.169 4.7266
time (s) 768.93

Table 5: Final updated beam length (L) and
Young’s modulus (E) results for FRF updating

The initial, experimental and updated final FRF
curves for both H2,2 and H20,2 amplitude values, as
well as the initial and final correlation functions are
presented in figures 8 and 9, respectively.

Figure 8: Initial (dotted line), experimental (full
line) and updated (dashed line) H2,2 (left) and
H20,2 (right), FRF updating of L and E
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Figure 9: Initial (left) and final (right) correla-
tion functions CSAC(ω) (orange dashed line) and
CSF (ω) (black dotted line), FRF updating of L
and E

Overall, we can conclude that this updating pro-
cedure, based on the FRF correlation functions,
works both for updating parameters individually
and simultaneously. Given the appropriate limit
values for the updating parameters of interest, the
updating procedure developed will ultimately give
us a final model data that best fits the experimental
model, in terms of the frequency response functions
curves considered.

For the TR-based methodology, the beam length
and Young modulus are once again used to update
the numerical model both separately and simulta-
neously.

The frequency range considered in the follow-
ing TR updating simulations is [0Hz, 100Hz] and
for both experimental and numerical data, the fre-
quency interval increment is 0.5Hz, meaning in this
case 200 frequency points will be used to plot the
TR function curves. The TR curves used through-
out this section are T2,11(ω) and T20,11(ω).

For the updating of L and E separately using the
TR-based updating methodology, the initial values
and the limits, for the parameter values during the
updating procedure, are presented in table 6. The
final updated results corresponding to each updat-
ing simulations are presented in the table 7.

Initial Lower limit Upper limit
L (m) 0.90 0.8775 1.0725
E (GPa) 190 187.2 228.8

Table 6: Initial and limit beam length (L)and
Young’s modulus (E) values for TR updating

Reference Upd ∆rel (%)
L (m) 0.975 0.9600 1.540
E (GPa) 208 221.450 6.4665

Table 7: Final updated beam length (L) and
Young’s modulus (E) results, individually TR up-
dating

The initial, experimental and updated final TR
curves for both T2,11 and T20,11 amplitude values, as

well as the initial and final correlation functions for
the updating of the beam length (L), are presented
in figures 10 and 11.

Figure 10: Initial (dotted line), experimental (full
line) and updated (dashed line) T2,11 (left) and
T20,11 (right), TR updating of L

Figure 11: Initial (left) and final (right) correla-
tion functions CSAC(ω) (orange dashed line) and
CSF (ω) (black dotted line), TR updating of L

The TR updating procedure is now tested by up-
dating the two updating parameters L and E simul-
taneously.

The initial simulation values and the limit val-
ues for both parameters are presented in the table
6. The final updated values of the two parameters
for both updating simulations are presented in the
table 8.

Reference Upd ∆rel (%)
L (m) 0.975 0.9710 0.4102
E (GPa) 208 217.811 4.7170

Table 8: Final updated beam length (L) and
Young’s modulus (E) for TR updating

The initial, experimental and updated final TR
curves for both T2,11 and T20,11 amplitude values
for the updating of the beam length (L)and Young’s
modulus (E), are presented in the figure 12.
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Figure 12: Initial (dotted line), experimental (full
line) and updated (dashed line) T2,11 (left) and
T20,11 (right), TR updating of L and E

Globally, one can conclude that this updating
procedure, based no the TR correlation functions,
works appropriately for updating both one param-
eter individually and two parameters simultane-
ously, giving us acceptable updated results within
the specified limit values.

4.2. Experimental Simplified Aircraft Model
Updating

In this section, the model updating procedure will
be tested using FRF and TR results extracted ex-
perimentally from a simplified aircraft structure
(see figure 13).

Figure 13: Experimental aircraft model

The geometric and elastic properties of the steel
aircraft are presented in table 9.

Material Properties
Young’s modulus - E 200GPa
Density - ρ 7870 kgm−3

Poisson ratio - ν 0.3
Shear coefficient - k 5/6

Table 9: Experimental aircraft material properties

The FE model was generated using ANSYS with
30 FEs and 31 nodes (see figure 14). The elements
are two-node 3D Timoshenko beam elements, where
each node has six DOF.

Figure 14: ANSYS FE model and nodes (above)
and elements (bottom) numbering schemes for ex-
perimental aircraft

Figure 14 presents the numbering schemes for the
nodes and elements of the aircraft structure. Region
1 correspond to the aircraft wing (elements 1− 20)
and region 3 to the fuselage (elements 23−27). The
fuselage cross section is hollow and has a thickness
of t = 0.0025m. Region 2 are the aircraft ”engines”
(elements 21 and 22). Note that these two beam
elements do not cover the all width of the main
wing, and are positioned approximately at 30% of
the wing in respect to the wing tip. Regions 4 and
5 correspond to the the horizontal tail and vertical
tail (elements 28 − 29 and 30), respectively. The
measured cross section width and height and beam
lengths corresponding to each of the mentioned re-
gions, are presented in the table 10.

Region b (m) h (m) L (m)
1 (wing) 0.12 0.0025 0.65
2 (”engines”) 0.1 0.02 0.037
3 (fuselage) 0.031 0.03 0.561
4 (horizontal tail) 0.08 0.0025 0.222
5 (vertical tail) 0.08 0.0025 0.06

Table 10: Dimensions of lengths (L), section width
(b) and height (h) of the five aircraft regions

For the FRFs data extracted experimentally, a
frequency range of 400Hz was considered while ob-
taining these values with a frequency interval in-
crement of 0.5Hz. However, for the updating sim-
ulations that follow, the active frequency range is
[0Hz, 80Hz].

The FRF H101z,1z curve is the FRF used for up-
dating purposes. The curve H1z,101z will also be
presented only as a reference to the updating pro-
cedure.
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For the FRF-based methodology, the parameters
considered for the different updating simulations
are the global Young’s modulus E and the length
of the main wing L1, both separately and simulta-
neously.

For the updating parameters considered in each
updating simulation, the initial and limit values are
presented in the table 11. The values of the param-
eters not being updated in each simulation, are its
corresponding reference values as presented above.

Initial Lower limit Upper limit
L1 (m) 0.60 0.52 0.78
E (GPa) 210 160 240

Table 11: Initial and limit L1 and E, aircraft FRF
updating

The final results for the updating of L1 and E
separately are presented in the table 12.

Reference Updated ∆rel (%)
L1 (m) 0.65 0.671 3.25
E (GPa) 200 177.19 -11.41

Table 12: Final updated values of L1 and E, and
difference in respect to reference value (%)

The initial, experimental and updated final FRF
curves for both H101z,1z and H101z,101z amplitude
values, as well as the initial and final correlation
functions for the updating of the wing length L1,
are presented in figures 15 and 16, respectively.

Figure 15: Initial (dotted line), experimental (full
line) and updated (dashed line) H101z,1z (left) and
H101z,101z (right), FRF updating of L1

Figure 16: Initial (left) and final (right) correla-
tion functions CSAC(ω) (orange dashed line) and
CSF (ω) (black dotted line), FRF updating of L1

Comparing the initial and final H101z,1z FRF
curves, one can conclude that the updating proce-

dures works as intended, as it can also be verified
with the initial and final correlation curves.

The updating procedure is now tested using
two updating parameters simultaneously consider-
ing the same initial and limit values presented in
table 11. The values of the final updated parame-
ters and the difference relative to the corresponding
reference values, are presented next in table 13.

Reference Updated ∆rel (%)
L1 (m) 0.65 0.68125 4.81
E (GPa) 200 206.875 3.438

Table 13: Final updated values of L1 and E, and
difference in respect to reference value (%)

The initial, experimental and updated final FRF
curves for both H101z,1z and H101z,101z amplitude
values, as well as the initial and final correlation
functions for the simultaneous updating of L1 and
E, are presented in figures 17 and 18, respectively.

Figure 17: Initial (dotted line), experimental (full
line) and updated (dashed line) H101z,1z (left) and
H101z,101z (right), FRF updating of L1 and E

Figure 18: Initial (left) and final (right) correla-
tion functions CSAC(ω) (orange dashed line) and
CSF (ω) (black dotted line), FRF updating of L1

and E

Despite some obvious amplitude discrepancies
close to the resonance frequencies, presumably jus-
tified by the absence of damping in the numerical
results, the curve shape of the final and experimen-
tal FRF curves are significantly similar, at least vi-
sually, and present good correlation.

For the TR-based methodology, the aircraft wing
length L1 and the global Young’s modulus E are
once again used in the updating of the numerical
model both separately and simultaneously.

The initial and limit values applied to each updat-
ing simulation performed using the TR-based up-
dating methodology, are presented in table 11.
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The curve used in the updating simulations is the
T1z,202z.

Updating each parameter separately, the results
obtained in each simulations are present in the table
14 below.

Reference Updated ∆rel (%)
L1 (m) 0.65 0.6603 1.585
E (GPa) 200 188.75 -5.625

Table 14: Final updated values of L1 and E, and
difference relative to reference value (%)

The initial, experimental and updated final TR
curves for both T1z,202z and T101z,202z amplitude
values, as well as the initial and final correlation
functions for the updating of the wing length L1,
are presented in figures 19 and 20, respectively. The
corresponding curves obtained for the updating of
the global Young’s modulus E, are presented in fig-
ures 21 and 22, respectively.

Figure 19: Initial (dotted line), experimental (full
line) and updated (dashed line) T1z,202z (left) and
T101z,202z (right), TR updating of L1

Figure 20: Initial (left) and final (right) correla-
tion functions CSAC(ω) (orange dashed line) and
CSF (ω) (black dotted line), TR updating of L1

Figure 21: Initial (dotted line), experimental (full
line) and updated (dashed line) T1z,202z (left) and
T101z,202z (right), TR updating of E

Figure 22: Initial (left) and final (right) correla-
tion functions CSAC(ω) (orange dashed line) and
CSF (ω) (black dotted line), TR updating of E

Comparing the final updated results obtained
here with the one obtained using the FRF proce-
dure, one can verify a clear convergence of the fi-
nal updated results. More importantly the differ-
ence between the measured and updated main wing
length L1, is also quite acceptable, indicating in-
creased difference of just 1.585% in respect to its
reference value.

The updating procedure will now be tested using
the two updating parameters simultaneously con-
sidering the same initial and limit values presented
in table 11. The final updated values for each pa-
rameters are presented in table 15.

Reference Updated ∆rel (%)
L1 (m) 0.65 0.6231 -4.128
E (GPa) 200 161.95 -19.02

Table 15: Final updated values of L1 and E, and
difference in respect to reference value (%)

The initial, experimental and updated final TR
curves for both T1z,202z and T101z,202z amplitude
values, as well as the initial and final correlation
functions for the updating of the wing length L1,
are presented in figures 23 and 24, respectively.

Figure 23: Initial (dotted line), experimental (full
line) and updated (dashed line) T1z,202z (left) and
T101z,202z (right), TR updating of L1 and E
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Figure 24: Initial (left) and final (right) correla-
tion functions CSAC(ω) (orange dashed line) and
CSF (ω) (black dotted line), TR updating of L1 and
E

The TR function and correlation curves presented
above indicate a visible increase in the correlation
between the updated and experimental data.

The updating parameters chosen for each struc-
ture showed good results and a visible increase in
the correlation between numerical and experimental
data.

5. Conclusions

This work presents a model updating technique in
which experimental TR measurements are used in
updating procedure. The measured TR functions
described are defined as the ratio between two (mea-
sured) responses assuming that the location of the
force is known.

The results obtained using the FRF and TR
based updating techniques show that both method-
ologies are able to adjust the updating parameters
so that the discrepancies between the considered
numerical and experimental data are significantly
reduced.

In order to perform this adjustment in a phys-
ically meaningful way, rather than just updating
the numerical model mathematically, it was also
verified that the success of the updating procedure
is highly dependent on the correct selection of the
updating parameters and the application of BC to
these parameters in the optimization routine.

Applying these constraints (BC) to the updat-
ing parameters also improve the computational ef-
ficiency of the updating procedure, by reducing the
number of iterations of the optimization routine.

It is important to note that for the updating of
the aircraft structure, the final updated value of
E when updated individually using the FRF-based
technique, and when updated simultaneously to-
gether with the wing length L1 using the TR-based
updating technique, is significantly low considering
that the structure is a steel, which was the material
assumed. This can be a clear indication that the
selected updating parameter E might not be the
most appropriated to apply to this aircraft struc-
ture. This suggests that further investigation could
have been done in terms of using different updating
parameters for the aircraft structure.

Comparing the final model updating results ob-
tained for each of the experimental models, us-
ing the FRF-based and TR-based model updating
methodologies, one can only conclude that both
procedures worked accordingly to what was ex-
pected. This was verified by inspecting the close-
ness between the experimental data, either from
FRF or TR values, and its corresponding updated
numerical data. The initial and final correlation
curves also give us a clear indication of the quality
of the correlation achieved between the experimen-
tal and numerical responses.
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