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1. Introduction

Finite element model of an airfoil segment
made of laminated glass fiber composite is created.
The model 1is calibrated wusing data from
experimental  tests, namely the  modal
characteristics and oscillations measured with laser
sensors in selected locations. Passive monitoring
method is applied for the reconstruction of impact
in unknown location [1]. The location and time
variation of impact force is obtained using transfer-
based functions approach. The dedicated
overdetermined and ill-posed inverse problem is
solved using Tikhonov regularization [2, 3]. The
interpolation of transfer-based functions is used to
increase the accuracy of the reconstruction.

2. Inverse problem

The methodology used in this work is based on
the transfer (or transfer-based) function approach
[4]. For a linear system, its response / to an input f
can be expressed by convolution 4 = f*g where g is
so-called transfer function and it represents the
characteristics of the system [2, 5]. In order to find
the location of impact and to reconstruct the time
dependence of the impact force, it is necessary to
perform two consecutive steps; a) a calibration
procedure, i.e., to perform experimental
measurements while recording the corresponding
input and response, and to calculate the transfer
functions for all combinations of impact
(calibration) locations and sensors, and b) a
reconstruction procedure, i.e. to reconstruct the
force in each possible location for measured
response for unknown impact and to seek the
impact location, for example by minimizing the
error of response reconstruction [6].
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3. Experiment

A propeller blade segment made of
laminated glass-fiber textile composite was used
throughout the testing (Fig. 1). It consisted of two
parts, a beam (or spar) and an airfoil segment
(skin), glued together. The airfoil segment was
excited using the impact hammer B&K 8204 in
several locations (one at a time). The force was
measured using the embedded force sensor. The
response was measured with a set of 4
piezoelectric foil transducers (patches) DuraAct P-
876.SP1 with shunt resistors (R = 1 MQ) and a set
of 4 laser sensors Micro-Epsilon optoNCDT 2200.
All signals were recorded using NI CompactDAQ
device with various I/O modules with sampling
frequency of approximately 10 kHz.

Fig. 1. Experimental setup for free oscillations
measurement.
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First, the blade was hanged on rubber strings
and the free oscillations due to the impacts were
measured (Fig. 1). This scenario was used for
calibration of the numerical model (mainly the
elastic properties). Afterwards, the blade was fixed
using a turn-table at the beam’s end for precise
positioning of numerous impacts and the laser
beam measurement spots (Fig. 2).

Fig. 2. Experimental setup with turn-table for
precise positioning of impacts and sensors.
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Fig. 3. Localization error contours on 4x4 grid.

4. Numerical model and reconstruction

A numerical model was created for finite
element analysis performed in Abaqus solver. The
proces used 3D laser scanning probe, CAD tools
and, finally, a quadrilateral mesh was created
respecting the margins of various regions with
different laminated layups (plain- and twill-weave
layers were used).

The response of the blade was calculated for
169 location arranged in a 12x12 grid (covering an
area of 120 mm x 120 mm) of almost square
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regions in the central part of the airfoil. The effect
of interpolation of transfer functions was then
analysed on 5 different simplifications of this grid
by reducing the number of hypothetically known
impact location by a factor of 2, 3, 4, 6 and 12,
thus obtaining grids with 12x12, 6x6, 4x4, 3x3,
2x2 and 1x1 regions. An example of impact
localization is shown in Fig. 3.

5. Conclusions

A methodology for passive structural health
monitoring was introduced and applied to
laminated structure. The proposed methods for
impact location identification and force
reconstruction proved to provide results with
sufficient accuracy on curved composite structure
for selected configurations of calibration data.
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