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Experimental Correlation for the Inverse Problem of Laminated
Plate Subjected to Low-Velocity Impact

In-Gul Kim®* and Joon Kim**

ABSTRACT

The present study describes the results of research effort to develop a method of impact detec-
tion for the composite plate subjected to low-velocity impact. Initial-boundary value problem was
solved to predict impact location and force from the strain gage signal and piezopolymer sensor
signal due to low-velocity impact. In this model, sensor responses can be expressed in terms of
impact force and location by a convolution type integral equation.

The system operator was derived by combining the piezoelectric constitutive equation of the
piezopolymer sensor with the approximate closed-form solution for the impact event of the com-
posite plate based on assumed-mode method.

A linear algebraic equation for the sensor responses was obtained by discretizing the integral equa-
tions into an approximate summation form which included two unknowns, impact force and loca-
tion. Also, inverse problem was solved by the optimization method to identify impact location and
the Iterated Tikhonov Regularization Method to reconstruct the impact force. The numerical and
experimental verification were performed for the forward and inverse problems. The predicted
impact locations agreed well with the actual impact locations. The reconstructed impact forces based
on the Iterated Tikhonov Regularization Method agreed well with the force transducer signals.

The analytical model for predicting impact location and force has been shown to work well in
the range of moderate impact energies.
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Table 1. Typical properties of PVDF piezopolymer sensor

Properties Symbol (Unit) Value
Density P (x10kgm) 1.78
Young's E; (GPa) 2.1
Modulus E» (GPa) 122
Poisson's v 0.33
Ratio ¥ 0.192
. | ds (x 107" (n¥m)/(V/m))| 23.0 (Laterally Clamped)
P ggs[s;;’;" dv(xlO Tm)/(Vim)| 3.0 (Laterally Clamped)
dn (x1 (mm) (Vim))| 33.0 (Laterally Clamped)
Permittivity ya(x107 “Fm) 103 (at 10kHz)
ap (mm) 15
Dimension bp (mm) 10
tp (em) 28
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Fig. 1. Gr/Ep Composite plate with strain gages and piezopoly-
mer sensors

Table 2. Mechanical properties of Gr/Ep composite plate

Dy = 42.1 N/m
[0/90]as Di2=2.10 N/m
pp = 1570 kg/m’
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Table 3. Coordinates of impact and sensor locations

11 (177mm, 38mm)

12 (202mm, 38mm)

I3 (227mm, 38mm)

14 (252mm, 38mm)

15 (102mm, 38mm)

16 (127mm, 38mm)

I7 (152mm, 38mm)
S1,P1 (77mm, 38mm)
S2, P2 (277mm, 38mm)

Impact Locations

Sensor Locations
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Table 4. Impact locations predicted from strain gage signals
and PVDF sensor signals (numerical verification)

Strain gage PVDF sensor
Impz.wt Actual | Predicted Ertor(mm) Predicted Error(mm)
location | xo(mm) | X (mm) Xp (mm)
1 177 N 0.7 177.0 0.0
V) 202 2019 0.1 2019 0.1
B 227 2269 0.1 2269 0.1
14 252 250 0.0 2520 00
N 102 102.0 0.0 - -
16 127 127.1 0.1 - -
I 152 152.1 0.1 - -

(yo=38mm)
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Fig. 3. Contact forces reconstructed from PVDF sensor signals (numerical verification, percent error, P%:5, 10, 20)
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Table 6. Impact locations predicted from strain gage signals
and PVDF sensor signals (experimental verification)

Strain gage PVDF sensor
Impgct Actual | Predicted Error(mm) Predicted Error(mm)
location | x{mm) | xo(mm) X0 (mm)
Il 177 176.9 0.1 176.9 0.1

I2 202 2015 0.5 2039 19
3 227 my 4. 2338 6.8
i 252 2598 7.8 259.8 1.8
I5 102 1099 19 - -
I6 127 120.1 6.9 - -
7 152 150.1 19 - -
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