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Realtime Detection of Damage in Composite Structures by Using PVDF Sensor
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Abstract

Polyvinylidene di-fluoride (PVDF) film sensor appeared to be practically useful for the structural
health monitoring of composite materials and structures. PVDF film sensors were either attached to or
embedded in the graphite/epoxy composite (CFRP) samples to detect the fatigue damage at the bondline
of single-lap joints or the tensile failure of unidirectional laminates. PVDF sensors were sensitive
enough to detect and determine the crack front in linear location since composites usually produce very
energetic acoustic emission (AE). PVDF sensors are extremely cost-effective, as flexible as other plastic
films, in low profile as thin as a few tens of microns, and have relatively wide-band response, all of
which characteristics are readily utilized for the structural health monitoring of composite structures.
Signals due to fatigue damage showed a characteristics of mode II (shear) type failure whereas those
from fiber breakage at DEN notches showed that of mode I (tensile) type fracture.
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Fig. 1 An adhesively bonded single-lap joint
specimen with a pre-crack and PVDF film
sensors attached for the monitoring of fatigue
crack growth at the joint.
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Fig. 2 A double-end notched (DEN) tensile
specimen of CFRP/UD laminates with PVDF
film sensors embedded at the mid-plane
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Fig. 3 Cumulative AE events monitored by the
attached PVDF sensors and the crack length
measured with fatigue cycles
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Fig. 4 Comparison of AE source locations by
PVDF sensors with the location of crack tip
measured by traveling microscope
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Fig. 5 Results of AE source location monitored
by embedded PVDF film sensors for the
tensile failure of DEN specimens of CFRP/UD
laminates; (a) LiLe=1:1 and (b) Li12=1:2
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Fig. 6 Waveform and its power spectrum of
the mode II signal from the fatigue damage
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Fig. 7 Waveform and its power spectrum of
the mode 1 signal from the tensile failure of
DEN specimens of CFRP/UD laminates

o-¢ & A7 FREH 28 271x] §Y
MNEeE E95 Ao)E Ho)lu gt HAZ9
H2&Ede dduao 93 mode I AEE, =

-121-

ool Aigdte Aamale 2§ mode |
ANEE RAFHRT]. £I Fig. 74" 59
tho] o3k 4137} 100kHz-1MHzol oj&& #u
g BE4L A EE #As AL 5V w4}
doln], AA I FL AlgE Ao o8] AT
WA ke A oRT 4l nFEse AES W
d Qo AlmE

4. 4 2
PVDF A4 2§42 e golstA g
4 5 gor, TR FARE AR WA
9 Ao oy BgAm Fze AN AW
4 Awel 7€ L AAHoE 23 $89

B o3& n3 Air Force Office of Scientific
Research®] ¥ AR Lol 28] o] Fo]xon
olof ZEAI= Ut}

[t
ot

g

(1) Brown, L. F., "Design Consideration of Piezoelectric
Polymer Ultrasound Transducers," IEEE Transactions on
Ultrasonics, Ferroelectrics, and Frequency Control, 47,
2000, pp. 1377-1396.

(2) Foster, F. S., Harasiewicz, K. A. and Sherar, M. D,,
"A History of Medical and Biological Imaging with
Polyvinylidene Fluoride (PVDF) Transducers," ibid, 47,
2000, pp. 1363-1371.

(3) Brown, L. F. "Disposable PVDF Ultrasonic
Transducers for Nondestructive Testing Applications,"
ibid, 43, 1996, pp. 560-567.

(4) Stiffler, R. and Henneke, E. G., "The Application of
Polyvinylidene Fluoride as an Acoustic Emission
Transducer for Fibrous Composite Materials," Materials
Evaluation, 41, 1983, pp. 956-960.

(5) Brown, L. F., Sisson, W. M. and Guerin, C. P,
"Custom PVDF Transducers for Pulse-Echo Testing of
Solid Rocket Motors for Detection of Propellant-
to-Boot-Liner Unbonds," Rev. of Progress in Quantitative
NDE, R.B. Thompson and D.E. Chimenti, eds., Plenum
Press, New York, NY, 12B, 1993, pp. 1123-1128.

(6) Chang, FK., ed., Structural Health Monitoring: The
Demands and Challenges; Proc. of the 3rd International
Workshop, CRC Press, Boca Raton, FL, 2002.

(7) Qin, M. and Dzenis, Y.A., "Analysis of Single-Lap
Adhesive Composite Joints with Delaminate Adherends,"
Composite B: Engineering, 2002 (in press)



