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ABSTRACT: A composite structure was fabricated with embedded impact detection capabilities for applications in
Structural Health Monitoring (SHM). By embedding sensor functionality in the composite, the structure can
successfully perform impact localization in real time. Smart resin, composed of Pb(Ni,,;Nb,;)O,-Pb(Zr, Ti)O, (PNN-
PZT) powder and epoxy resin with 1:30 wt%, was used instead of conventional epoxy resin in order to activate the
sensor function in the composite structure. The embedded impact sensor in the composite was fabricated using Hand
Lay-up and Vacuum Assisted Resin Transfer Molding(VARTM) methods to inject the smart resin into the glass-fiber
fabric. The electrodes were fabricated using silver paste on both the upper and bottom sides of the specimen, then
poling treatment was conducted to activate the sensor function using a high voltage amplifier at 4 kV/mm for 30 min
at room temperature. The composite’s piezoelectric sensitivity was measured to be 35.13 mV/N by comparing the
impact force signals from an impact hammer with the corresponding output voltage from the sensor. Because impact
sensor functionality was successfully embedded in the composite structure, various applications of this technique in
the SHM industry are anticipated. In particular, impact localization on large-scale composite structures with complex
geometries is feasible using this composite embedded impact sensor.
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Table 1. Mixing ratio for PNN-PZT powder

Material Pb0 NiO TiO, ZrO, Nb,O,

wt% 66.91 6.10 7.54 4.98 14.46
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Fig. 1. Fabrication process of PNN-PZT powder

Fig. 2. Voids elimination in a high vacuum desiccator
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Fig. 3. Schematic of vacuum assited resin transfer molding

Table 2. Materials information used in sensor-structure inte-
grated composite structure

Materials Producer Model
Evoxy resiy | KUKPO Chemical Resin KFR-120
pOxy Co. Ltd. Hardner KFH-150
DEgl E I
U g ass |OWENS CORNING EKU 1200 HS-12
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ma |
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= .

Fig. 4. Fabrication set-up for the sensor-structure integrated
composite structure using VARTM
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Fig. 7. Impulse response of smart composite sensor according
to the impact signal
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(a) Schematic test set-up

(b) Actual impact test set-up

Fig. 8. Impact test set-up
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(b) Schematic of smart composite sensor for sensitivity measurement

Fig. 9. Impact test set-up for measurement of sensitivity
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Fig. 10. Piezoelectric sensitivity poled at 4 kV/mm

Table 3. Sensitivity of piezoelectric smart composite

Fixed at (0.0) Not fixed at (0.0)
Condition | Sensitivity Adj. Sensitivity Adj.
(mV/N) R-Square (mV/N) R-Square
Test #1 3591 0.959 22.88 0.928
Test #2 33.82 0.954 20.59 0.937
Test #3 35.67 0.976 26.33 0.913
Average 3513 0.963 23.26 0.926
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