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A Study on the Smart Composite Panels Based
on Piezoelectric Sensors -

I . Fabrication and Structural Integrity

In-Gul Kim*

ABSTRACT

PZT piezoceramic sensors and PVDF piezopolymer sensors were evaluated for their suitability
for impact detection in light weight composite skins and sandwich panels. Specific areas of
investigation included manufacturing techniques, sensor strength and durability, and their effect
upon strength of the host structure. Both sensors were successfully mounted on the laminated
surface. Piezocermic sensors were also successfully embedded in the core of sandwich panels.
Tension tests showed that surface mounted sensors did not impair performance of the host
structures but embedded PZT sensor deteriorated the strength of host structures. Tensile fatigue
testing also showed that the responses of piezoceramic sensors were different not only from
those of piezopolymer sensors but also depending upon the sensor attaching method during
fatigue loaing.
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Fig. 1. Geometry of piezoelectric serisors
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Adhesive Film

a-1) Embedded PC Sensor Embeddmg PC sensor into la-
minate during curing

(T-2) Co-cured PC sensor; Attaching PC sensor with exce-
ssive resin from prepreg during curing

(T-3) Adhesive-bonded PC Sensor; Attaching PC sensor
with adhesive film after curing

(T-4) Epoxy-bonded PC and PP Sensor; Attaching PC se-
nsor and PP sensor with epoxy resin after curing

(TH-PC) Embedded PC Sensor into Sandwich Panel; Em-

bedding PC sensor into during curing
(a) Techniques for Incorporating the PC and PP
sensors into composite panels
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(b) Procedure for embedding PC sensor into
sandwich panel

Fig. 2. Piezoelectric sensor placement techniques
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Fig. 3. Schematic lay-up and cure cycle for solid
laminates with PC sensor
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Fig. 5. Geometry of durability test specimens and
locations of attached piezoelectric sensors

Table 1.

Sensor locations and dimensions of durability test specimens
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Specimen L w t Ly Ls Ly Loy Ly
SUT-12 177.8 23.8 2.03 48.3 88.9 50.8 129.5 86.0
SFT-1¢ 177.8 23.9 1.88 35.6 83.9 50.8 132.1 83.5
SUFR-2b 152.4 23.9 2.03 38.1 76.2 38.1 114.3 88.6
SUF-3b 152.4 4.1 2.03 38.1 76.2 38.1 114.3 88.6
SEF-2b 152.4 24.1 1.88 38.1 76.2 38.1 114.3 88.6

a. Tension specimen b ! Fatigue specimen
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Table 2, Summary of microscopic bonding examination .
(unit : mm)
Panel tEc tQQ . te tb tl t2
Gr/Ep? T-2 0.38 - 0.010 - 1.91 1.95
[0/90],5 T-3 0.38 - 0.010 0.058 1.95 1.95
T-4 0.38 - 0.010 0.010 1.95 1.95
T-PP - 0.045 0.010 0.010 1.93 1.93
Gr/Ep” T-2 0.38 - 0.010 - 1.76 1.79
[0/90]55 T-3 0.38 - 10010 0.058 1.78 1.78
' T-4 0.38 - - 0.010 0.010 1.78 1.78
T-PP - 0.045 0.010 0.010 1.79 1.79
a. T650/35/ERL-1902 unidirectional prepreg b T650/35-5HS/ERL-1902 fabric prepreg
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(a) Adhesive-bonded-sensor, - T~3
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(b) Adhesive-bonded sensor, T-3

(Gr/Ep fabric prepreg)
Fig. 6. Microscopic examination of solid laminates
with attached piezoelectric sensors
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(c) Epoxy-bonded sensor, T-4
(Gr/Ep unidirectional prepreg)

(d) Epoxy-bonded sensor, T-4
(Gr/Ep fabric prepreg)

(e) Epoxy-bonded PP sensor, T-PP
(Gr/Ep unidirectional prepreg)

(f) Epoxy-bonded PP sensor, T~PP
(Gr/Ep fabric prepreg)

Fig.6. Continued
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(a) Adhesive-bonded PC sensor, T-3
Fig. 9. Typical sensor waveform due to fatigue
loading

(¢) Epoxy-bonded PP sensor, T-PP
Fig.8. Continued
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Fig. 10. Sensor responses due to fatigue loading
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