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Nondestructive Inspection Method of Composite Laminated Plates
by Holographic Interferometry

S. J. Kim, J. H. Kim and H. C. Park
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Abstract

Mode shapes and natural frequencies of vibrating laminated composite plates are taken using
real-time and time-average holographic interferometry. Debonds and delamination in the laminat-
ed plates are measured nondestructively. During holographic testing of composite plates,it has
been found that the conditions for the local resonance in debonds are strongly dependent on the
frequency of excitation.A membrane resonance model was proposed to describe this behavior.
Relations between characteristic length according to the size, shape of debonds and membrane
resonance frequency are presented. Several experiments were performed to verify the membrane
resonance model. The agreements between the predicted excitation frequency and the observed
resonance frequency are good. The experimental results show that higher stresses and strains due
to local resonance lead to the debond detecion.
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Agol A48 Az I elA nE
2l A# prepregE [0.790.70.790)s, [0.790.70)2
2 HAE3 FAdw723 42 A Z30(glass-epoxy
laminate) o] = backingal g2 UEu|FAL AL
it A7le] ARRE FEAFeA EA4AE
st ol A4 ¥ (simple tension test) 2 E& F3bg
2 Table 13 Zc}, zelz Al Use 47
# 1.97g/cm’elgle}, S3H S AHL 7F2 XA
27} 200mmx200 mm, FAE GEnlFe Fr

Table 1 Properries of glass/epoxy cross-ply lami-

V4T $4E

nates
1ply 2ply 3ply
E.(GPa) 42 20 8.25
E+{(GPa) 8.25 20 8.25
Mt 0.25 0.04 0.25

%) AREA 3207

1.5mmE £&sled 2.5mmet 4.0mme 5 &
2 EHojgla Aoz AHZ3l(glass-epoxy lami-
nate) o] 7% Aol 3 &3 FEu]FH Apolo
F7 0.2mme] = E2 o] = (Teflon tape) & At
g3l eh, Ald-E Fig. 5ol et Adite) 2
ololl #t =ALE Al Aol nofn ZolE 2
Feos st} kA9 A5 (group) 2 rdch
£ AgolNE A Ae] Algd Egd e

@E 2N Fol Hdl dFelFHel YL
A% $H474 BE AAAN2A AT ool A
2RAEr 3 Agnce] #olg 3dch Fig 6
2 A% 9 AL 24 AR FAEE YE
Reler, AAIZE E2add BAAE FAedE
thermoplastic recorder& o] &3ttt 7FA A= ol

3k Az Fig 7o) Jepligdn A5 7137
+ 9} 4 =} (Piezoelectric material) & A& 343 c},

FAFF} Agmee] Hle sshe] wiA 4
AZWE ol gl AAZtez AYFHE FHs

1st PLY
2aPLY
IstPLY
20cm l

Sem

defect

—
033mm

Al - substrate

Fig. 5 Programed disbonds in glass-epoxy prepra
bonded to a Al-Substrate

Fig. 6 Photograph of the holographic interferometry
system
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351Hz[2.0] 619Hz[2.1] 702Hz{0.2]

1072 Hz[2.2] 1112Hz[3.1] 1799Hz([2.3]

Fig. 8 Vibration modes of glass/epoxy cross-ply laminate with a Al-substrate having local debonds
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Fig. 9 Experimental mode shapes for the glass/ epoxy cross-ply laminate with a Al-substrate
having local debonds
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frequencies in experimental and analysis 2717} & $7kE2]9 7 Sollv AF3bsg o4
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Experiment(Hz) NASTRAN(Hz)

First bending 34 39 712, A28 Zols} 20cmel M=z w= el 1/40]
First torsion 8 8 sishe Aol @ F7HEest o Foiq A%l
Second bending 236 234 o]% 243 AL Fig. 100] Jehlich,

e Age Selsed Ax AABEE o143
Ak AABHAN BRE 4 e BAFHE 3

{1, Hjmode 32 294

(a) 2967 Hz

(b)

(b) 6007 Hz Fig. 11 Real-time holographic interferogram of a sam-

Fig. 10 Holographic reconstruction of a sample hav- ple having (a) right-angled triangular area, 4
ing a 5 cm wide strip of debonded area across cm X 9 cm(height x base), of debond in 0.33 mm

its entire width and being acoustically driven depth and (b) square area, 5cmx5cm, of

in 0.33 mm depth debond in 0.33 mm depth
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(a) 8 KHz in 0.99 mm depth (c) 8KHz in 1.98 mm depth

(b) 5KHz in 0.99 mm depth (d) 5KHz in 1.98 mm depth
Fig. 12 Time-average holographic interferogram of a sample having debonds driven



3212 PARESNPAR
90,7090 [090/0]22 HZd HF3el Hel
7} 0.99mm, 1.98mmsEE AU Aol s
ARREees A¥E F4Y A#E Fig 1260
vehi g, azjz A" A 2o Ade
2 Z7}eed wlad & A TAEG T
& oA Adg s Aele AR 2
719k 2o, Zolel wE AFAFAEE e Aol
b ax gorz Ade Al A g 2
ge] EAJH-5 sleletid o &o| sHedE 2
< 58 o 4 Aok 2y HAFISTE FoHA
o wet Aje 27, 2% el Tol o AA

£ #HEAFA4 Folrt ARz AR AT
e EAY 4 dhol Y o 2ol Zofe
AYE AT sp5Ael FolEA "o AHAF
49 AZg aA AFd o= FEsA ATE v
Bue A AdEs 4o ARt HE} A

(a) 22.1 KHz in 0.99 mm depth

(b) 16.5KHz in 0.99 mm depth
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o] #¥0]7} 4cmol® Zeo]7} 0.33mm, 0.67mm

g3 423 Fig. 1500
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(c) 23.4 KHz in 1.98 mm depth

(d) 35.5KHz in 1.98 mm depth

Fig. 13 Time-average holographic interferogram of a sample having debonds driven
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(a) 10 KHz in 0.33 mm depth {c) 17.5 KHz in 0.67 mm depth

(b) 10.2 KHz in 0.33 mm depth (d) 17.5KHz in 0.67 mm depth

Fig. 14 Time-average holographic interferogram of a sample having square debond, 5cmXx5cm, driven
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Table 3 Physical constant in Membraine reso-
nance frequency

h(mm) E(GPa) 7 o(Kg/m?)
0.33 25.125 0.25 1970
0.66 20.000 0.04 1970
0.99 25.125 0.25 1970
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(a) 18.5 KHz in 0.33 mm depth

(b) 18.6 KHz in 0.33 mm depth
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(c) 19.7 KHz in 0.67 mm depth

(d) 19.9 KHz in 0.67 mm depth

Fig. 15 Time-average holographic interferogram of a sample having right-angled triangular debond,

4 cmx9cm. driven
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(a) 11.2KHz (c) 125KHz

(b) 18.9 KHz (d) 11KHz

Fig. 16 Time-average holographic interferogram of a sample having right-angle triangular debonds,
5cm X 10 em, and square debonds, 5 cm x5 cm, in 0.33 mm depth and in 0.67 mm depth

(a) 22.2KHz (b) 23.1KHz

Fig. 17 Time-average holographic interferogram of a sample having right-angled triangular debond,
3cmx6 cm, in 0.99 mm depth and one square debond, 3 cmXx3cm, in 1.98 mm depth, driven
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