OPENaﬁCCESS

International Journal of Engineering and Advanced Technology (IJEAT)
I SSN: 2249-8958 (Online), Volume-9 | ssue-2, December, 2019

Delamination Assessment of FRP Composite )

Plate Using Natural Freguencies

Chack far
updatas

S Sanyas Naidu, Ch Ratham

Abstract: The most frequent failure mode of composite plates is
delamination. Deboning between the adjacent layers at a
particular region of the multilayered composite plate is consider
asdelamination. Itisdueto a defect in the manufacturing practice
or can be caused by service time conditions, for example, impact
by foreign objects. Overall Stiffness of the composites reduces due
to delamination.

This paper presents the effect on natural frequency due to the
delamination of thefiber-reinforced plastics (FRP) composites. In
the finite element method, delamination is implemented as a
VCCT or cohesive zone method, but in this article, delamination
modeled as an open area in the interface layer in ANSYS ACP
(pre).Numerical and experimental modal analysisis performed to
delaminate as well as intact composite plates. Extract modal
parameters like natural frequencies and mode shapes from the
modal analysis. Theresults of the present paper compare among
the existing simulation results and observe that good agreement
between them. also, study the variation of frequencies with an
increase of delamination. The new proposed modeling of
delamination is simple and gives accurate results. This method is
also used tostudy the delamination effect in composite plates.

Keywords : Delamination, Natural frequency, Composite plate,
Modal analysis

I. INTRODUCTION

In the current period, composite resources are supplanting
conservative metals in aerospace, automotive, civil and
marine industries. The most significant reward of composites
is high strength to weight ratio, low weight, and corrosion
resistance. These fabric types are however prone to
delamination and thus necessitating the early recognition of
the flaw before it initiates into a critical fault. Cost-effective
and dependable damage discovery is critica for the
consumption of composite resources. Health monitoring of
such structure is extremely necessary to stop sudden
breakdown.The most common failure mode of composite
plates is delamination. Debonding between the adjacent
layers at a particular region of the multilayered composite
plate is consider as delamination. It reduces the compressive
strength of the laminated composites. It takes place inside of
the composite layers, so without breaking it is complex to
locate the delamination existence in the multilayered
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composites. Hence, the forecast for delamination in
compositesis required during the service time of composites.

The elastic material constants of FRP composites are
evaluated using different techniques like vibration
propertieg 1, 2], the full field measurement of the surface
deformations of plates under the flexural loads
(interferometric techniques)[3], Digital Image Correlation
technique [4]. The elastic constants of the composite plate
are determined by the inversion method, experimental datais
used to Lamb wave transmission and a curve fitting algorithm
based on the Nelder—Mead simplex method[5].

Vibration-based damage detection methods[6,7,12,13,14]
using modal parameters which are easily and continuously
extract from the oscillations of a working structure shows
potential in structural health monitoring (SHM). The damage
in the structure reduces the local stiffness, of the structures.
Modal characteristics of plates such as natural frequencies,
mode shapes, modal curvature, modal strain energy, and
damping ratios, etc. Modal parameters are more sensitive to
this change of stiffness, which is prompt to measure the
damage location.

Delamination can be modeled in various methods for
modal analysis of multilayered composites. Delamination is
implemented using 9 noded quadrilaterals MITC9 element in
the Carrera Unified Formulation framework[8], the
delamination [9] is simulated as an inter space of 0.02 mm
between the layers of the multilayered composite plate.
Virtual elements [11] are used to model the area of
delamination to avoid element penetration.

In this dissertation, a 3D model of finite elements for
laminated composite plates includes inside delamination
incorporated asthe open areain theinterface layer in ANSY S
ACP (pre).The composite plates are modeled by considering
individual fiber orientations lamina. Finite element modal
analysis is conceded for intact and delaminated composites
under free-free boundary conditions. Modal parameters like
natural frequencies and mode shapes of the intact and
delaminated composites are extracted. The numerical results
are validated with accessible literature. The most important
thing of the present paper is the accomplishment of the
delamination model as an open area in the interface layer in
ANSYSACP (pre).

[I. DELAMINATIONMODELING AND
VERIFICATION

Composite plates:

Five multi-layered glass fiber- reinforced epoxy square
plates are considered for finite element simulations. The
volume of each composite plate
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i$225.5 x 225.5 x2.05 mm? with the stacking sequence of
[0/90/0/90]s. Out of five plates, one isintact and named with
O, the remaining composites are named as A, B, C, D,
respectively, are delaminated with different areas of
delamination. Delamination area is replicated as an inter
space, or disconnection, of 0.02 mm among the fourth and the
fifth layers from the top of the composite plate, but in the
present work, delamination is created as an open areain the
interface layer using workbench ACP (pre).

Delamination center is common as shown figurel. For all
the delaminated plates, but delamination area is different.
The coordinates of the delamination position are
x=163.5mm, y=163.5mm and z=1.28125The areas of
delamination of composite platesof A, B, Cand D are 11.275
x 11.275, 33.825 x 33.825, 56.375 x 56.375 and 78.925 x
78.925 mm?, respectively. Theelastic constants of the
composites fornumerical analysis are E; = 37780 MPa, E; =

10900 M Pa, G12 = G13 = G23 =49100 M Pa, V12 =V13 = 0.3, V23
=0.11 anddensity (p) = 1813.9 kg /m3, Yam et.al. [10].

Delamination
Center

Fig. 1. Meshed form of the composite plate with
delamination center.[9]
Finite element modal analysisisdonefor specified plates and
the results are shown below.

)\ Geometry A Print Preview A Report Preview/

Fig.2. Mode shapes of plate B of a composite plate

Tablel:FEM results of fundamental frequenciesin Hz for the composite plates.

Plate O
Mode Delamination (A) Delamination (B) Delamination (C) Delamination (D)
No. 11.275x11.275mm? | 33.825x33.825mm? | 56.375x56.375mm? | 78.925x78.925mm?
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Alnefaie
[9]
Alnefaie Alnefaie Alnefaie Alnefaie
Present Present Present Present Present
[9] [9] [9] [9]
1 70.715 70.09 70.678 70.08 70.541 70.08 70.213 70.07 70.195
70.03
2 137.81 133.9 136.33 133.84 136.34 133.57 144.98 132.7 134.85
130.88
3 173.94 168.7 171.91 168.67 171.79 168.12 159.09 166.7 169.86 162.47
201.17 195.9 202.09 195.82 199.3 195.51 207.35 194.5 196.58 192 51
5 224.39 218.3 225.15 218.23 222.26 217.71 221.32 216.2 219.36 213.32

I. FINITEELEMENT AND EXPERIMENTAL
MODAL ANALYSIS:

Finite element Modal Analysis. The frequencies of the
laminated plates with different delamination sizes are
computed using a simulation model developed in ANSY S-
workbench ACP (pre).

The composite plate is modeled using ANSY S ACP as per
the required stacking sequence and dimensions. The

numerical analysis is carried out for the intact laminated
composite plates to find the natural frequencies.

The Glassepoxy composite plate (250x70x6) with fiber
orientation is [0°/90°/0°/90°]s is consider for analysis. The
delamination islocated at center of plates B and C are 30x30
mm? and 50x50 mm?. Thematerial constants of the composite
plates fornumerical analysis areE; = 45 GPa, E> = E3 = 10
GPa, G12 = G313 =5 GPa, G233 =3.84 GPa, v12=v13=0.3, v23 =
0.33 and p = 1830 kg/m>.
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Fig.3. Intact composite plate First four M ode Shapes
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Materials and Composites Prepar ation:

The experimental modal analysis is done on the
composites with the stacking sequence [0/90/0/90]s. The
composites are fabricated by hand lay-up technique. Three
composite samples of dimensions 250mmx70mmx6mm are
fabricated, one is intact and two specimens are delaminated

:_'! I ﬁz‘fﬁ:ﬁ
J§ 4 s K

fa -

Fig. 4: Intact composite plate of size 250x70mm?

with areas a centers ae  30x30mm?  and
50x50mm?respectively. Artificial delamination is produced
by Teflon tape film of a thickness of 25um in the middle of
the planes in the period of fabrication of composites

Fig. 5: With Delaminated Area of size 30x30mm?

Fig. 6: With Delaminated Area of size 50x50mm?

Using FFT Analyzer and impact hammer experimental modal
andysis is performed to evaluate the fundamental
frequencies of the compositesintact and delaminated plates.

Fig.7: Experimental setup

Experimental procedure:
The experimental procedureis followed for the extraction of
natural frequencies of composite samples.
o Fasten the composite plate as a cantilever.
o Connect al the accessories (impact hammer, FFT
analyzer) to user interference
o The compositeis excited with an impact hammer.
o Perform the experimental modal analysis with Fast
Fourier Transformation (FFT) on the composite to
determine the natural frequency and mode shape.

IV. RESULTSAND DISCUSSIONS

4.1. Finite Element Results:

o The natural frequencies are obtained from Frequency
Response Function (FRFs) by identifying the peaks and
these frequencies are considered as natural frequencies
when the coherence function corresponding to the
frequency is greater than 0.85 those values are
considered as natural frequencies.

o Perform the impact testing at all the network points of
the composite plate and extract natural frequencies of
the samples.

Finite element modal analysisis performed intact and delaminates composite plates and the results are tabulated below.
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Fig.8. Mode shapes of delaminated composite plate (30x30mm?)

Table-2: FEM first three Natural frequencies of composite plates

Natural Frequencies (Hz)
Mode Plate O | Delamination | Delamination
Number area area
30x30mn?
50x50 mm?
1 34.183 33.935 31.98
2 308.03 307.83 306.19
3 343.92 34354 342.34
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Fig.9: Mode Number VsNatural Frequencies
Experimental Results:

Experimental modal analysis performs on the composites accelerometer and Impact hammer by hammer roving
using FFT Analyzer, method.
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Fig.10. Coherence and FRF windows of FFT analyzer for the intact specimen.
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Fig.11. Coherence and FRF windows of FFT analyzer for 50x50 mm? delamination.
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The consequence of the delamination area on natura
frequencies is studied. The variation in the fundamental
Table 3:Experimental Natural Frequencies(Hz)

for the composite plates.

frequency with different sizes of delamination are shown in
table:3

Natural Frequencies(Hz) e
Mode Without Delamination | Delamination
Delamination | 30x30mm? 50x50 mm? i

1 33.75 32.508 31.25 H Hintact Specimen

2 261.25 260.75 228.75 £ B Delarnination area 30x30

3 686.25 661.25 612.56 E mm2

4 968.75 958.45 903.75 = elamination area 50<50
The following figure shows the variation of Natural "

frequencies for the first four modes with different sizes of
delamination areas.

1 2 3 4
Mode NUmber

Fig.12: Mode Number Vs Natural Frequencies

Table 4. Per centage changein Natural frequency for 30x30mm? and 50x50mm? delamination.

First Three natural frequencies (Hz)
Mode Without 30x30mm? | % change | 50x50 mm? | % change
Delamination in in
f f

Delamination requency Delamination requency

33.75 325 125 31.25 25

261.25 260.75 1.6 228.75 14.7

686.25 661.25 3.6 612.5 10.7

Comparison of the Numerical and Experimental frequencies:
The natural frequencies of both Finite element and experimental results maintain consistency. The first two
experimental values are tabulated below, both numerical and  frequencies are observed the good agreement.

Table5 FEM and Experimental Natural frequencies

Experiment Results(Natural Frequency(Hz)) | FEA Results(Natural Frequency(Hz)
Mode Plate | Delamination | Delamination | Plate | Delamination | Delamination
Number 0] area area O area area
30x30mm* | 5050 mm? 30x30mm? | 50x50 mm?
33.756 32.508 31.251 34.183 33.935 31.985
261.25 260.75 228.75 308.03 307.83 306.19
686.25 661.25 612.56 343.92 343.54 342.34

the open area in the interface layer in ANSYS-ACP
(Pre) are very close to the available published results of
the composite plates with and without delamination.

+« The magnitude of natural frequencies decreases with
increasing the size of delamination, this is due to a
decrease of the global stiffness in the damaged
composites.

% Numerica results are validated with experimental
results, the deviation between the results is less than

IV. CONCLUSIONS:

This paper presents the delamination modeling as an open
area in the interface layer in WORKBENCHACP (Pre) for
composite laminates. The intact and delaminated multi-layer
composites have been analyzed by numerical & experimental
modal analysis. The results from the numerical and
experimental modal analysis the subsequent conclusions are
drawn and discussed as follows:

« As of the comparison study, the results obtained by 5%.
delamination modeling as
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