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ABSTRACT :

In the most of the studiesnbt all, the composite stresmalysis is made considering
the unidirectional graphite/epoxgrepreg (tape). However, in tipeactical design, imany
situations it is interesting to use the woven graphite/epoxy prepreg (cloth). Thettgfore,
report outlines thepreliminary results in through-widtidelamination specimens made of
graphite/epoxy prepreg tape with graphite/epoxy prepreg cloth.

Initially, a simple modelbased on the results presented in ref. [ 1 | masle,
analyzed ancompared with MSC/NASTRAN, ref. [ 2 ]. This model consideretive-
dimensional geometrically nonlinear finite elemenfhe results obtained by
MSC/NASTRAN infinite element model witli53 nodes and 128 four-node isoparametric
elementsvere invery goodaccordance when compareddassicakheory, presented in ref.

[ 1 ]. The model containefdur sub-structures with @tal of 813 nodeand 740 four-node
isoparametric elements.

The next step was tanalysethrough-width delaminations in specimen made of
graphite/epoxy tape with graphite/epoxy cloth. This specina¢only containstwo types of
graphite/epoxy, tapand cloth, but also present:xan-symmetrical laminated. The results
obtained by MSC/NASTRAN were compared with the classical theory and were found to be
in very good accordance. This report shows how these results were obtained.



1. INTRODUCTION

The most of the studies about streswmlysis incomposite materials considers
symmetric laminates. Also, regarding tiee type of compositenaterial,one can see the
preference for the unidirectional composites (tape) to make the laminates.

In the aeronautical industriethis is not usual. Due to theracticability andcost,
non-symmetrical laminatesre usedsometimes. Additionallythe unidirectional composite
(tape) is used simultaneously with the cloth.

Therefore, thisvork makes an@nalysis otthe through-widtidelaminations, exactly
to explore these anomalities present in the normal working practice.

As a starting point, it waserified if the finite element model as well as
MSC/NASTRAN solution were in accordance with the results presented in reference [ 1 ].
Next, afinite element modesimilar tothe ref. [ 3 ] with somenodifications inthe elastic
properties of thenaterial was applied to a non-symmetrical composite madapef and
cloth. In this casethe results of th@nalysisaccording to solution 106 rfon-linear static
analysis ) of MSC/NASTRAN are shown, along witlose of theclassicatheory developed
intheref. [1].

2. FINITE ELEMENT MODEL

2.1 Certification of the Model

Basicallythe finite element model is divided fiour distinct regions as shown in the
Figure 1. According to ref. [ 3 ], unidirectional graphite/epoxy (regions C and D) was
bonded to amluminumbar (region A andB). Theunidirectional graphite/epoxy withero
degree orientation is 0.762 mm thick and gheéminumbar is 6.00 mm thick. Thénite
element model contains 813 nodes and 740 four-node isoparametric elements.



2.1 Certification of the Model (cont’d)
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Figure 1 - Finite Element Model - Subregions Definition

The material properties were assumed to be:

Aluminum E =67. GPa
G =25GPa
v =033
Unidirectional Graphite/Epoxy E1#40. GPa
E2=14. GPa
G =59 GPa
v,, =0021

The relations between thesagineeringconstants and theoefficients of rigidity of
the material ¢ were found in the ref. [4].

Thefinite element modalised for MSC/NASTRANanalysishas153 nodes and 128
four-node isoparametric elements (CQUAD4) as shown in the Figure 2. In the regions A and
B, MAT1 card was used with tr@duminumproperties. In the regions C and D, MAT2 card
was used along with the coefficientes of rigidity, ©f the unidirectional graphite/epoxy.

2.2 Model Applied to Non-Symmetrical Laminates

The results of thignalysis applies to non-symmetrical laminates [ LAM id 1 ]. For
this casethe delamination length i80.0 mm andt’s position is between the secont and the

third layers from the top.



2.2 Model Applied to Non-Symmetrical Laminates (cont’d)

The real discovery of thianalysiswas thesubdivision ofthe laminate, LAM id 1.
The position of thelelamination favoredhe subdivision of LAM id 1 intwo laminates :
LAM id 1-1 and LAM id 1-2 described as follows.

Figure 2 - MSC/ NASTRAN Finite El enent Model

LAMid1  (1C90/2C45/1C90/1C45/2C90/4T0O/1C45/4T0/1C90/4T0O/1C45/4T0/1C90/1C45/11
LAMid 1-1 (1C90/2C45/1C90)
LAMid 1-2 (1C45/2C90/4T0/1C45/4T0/1C90/4T0O/1C45/4T0/1C90/1C45/1C90)

where : C is carbon/epoxy cloth and T is carbon/epoxy tape

This way, MAT1card was used with thengineering equivalemroperties, ref. [ 5],
of LAM id 1-2, for the elements of regions A and B. For the regions A, B, C, C’, D and D’,



2.2 Model Applied to Non-Symmetrical Laminates (cont’d)

MAT?2 card was used along with the material propertigsd@ LAM id 1-1.Figure 3 shows

the subregions referred here.

v

Figure 3 - Finite Element Model - New Subregions Definition

2.3 Boundary Conditions and Loading

Due to symmetrycondition only half of model was necessary. The displacement
along theline x; = -a on direction xis set to zero. Atx= -a and x = H, thedisplacement
on direction x is set to zero to prevemigid body motion. At x = | and % = H, the
displacement on direction xs set to zero. Due tdifferent materiaproperties, the SPCD
card was used tapplied aconstant loading. Figure 4, showschematic view of boundary

conditions and loading.
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Figure 4 - Boundary Conditions and Loading



3. RESULTS AND DISCUSSIONS

Based on the results shown in Figure 5 and 6, it can be obdéatethesolution
106 (nonlinear static analysis) ofMSC/NASTRAN, arevery well inaccordance with the
classicatheory presented in ref. [ 1 ]. In terms of thedel andinite element analysis, we
can saythat theMSC/NASTRAN solution isfriendly. According to ref. [ 3 ]the model
needed to be refined tte extremity of delaminatiorMloreover, the sub-structure concepts
were used to minimize the processing time.

The concept of thesubdivision ofthe nonsymmetrical laminates in tthe sub-
laminates, applied very wedilbr this analysis ashown by the results of Figure 7. Thnain
advantage of thiprocedure is that imakes easyhe re-analysis othe laminates withother
layer orientation, either tape or the cloth, as it uses the concepts cénthieeering

equivalent properties.

Figure 5 - Deformed Shape




3. RESULTS AND DISCUSSIONS (cont’d)
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Figure 6 - Ref. [ 1] Classical Theory and MSC/NASTRAN Results
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Figure 7 - Classical Theory and MSC/NASTRAN Results - Non-Symmetrical Laminate
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