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Abstract

Mechanical- and fatigue- properties of fibre composite materials are dftamed by performing tests
on coupon test specimens. These specimensfieeted by edgefects, which means that properties
obtained through the testing are often lower than the actual propertiess ldlk, specimens are cut
with either a water jet cutter or a diamond saw and some have been polishattm@determine if
the cutting technique or the polishing has an influence on the fatigue prapdatienstance the crack
saturation levels or the fiihess degradation. The cracks are counted using the transmitted light tech-
nigue, however, the stitching in the specimens blocks more light than the nesiahavhich causes
the dynamic range of the specimens to exceed the range of the camerafolidea transparency with
a negative image of the specimen was attached to the specimen to reduceamecdymge. This cor-
rected one problem and created a new, because the transparemtyedataring testing, making crack
counting in these areas impossible.

1. Introduction

Composite materials such as Glass Fibre Reinforced Polymers (GFRPedrimusany industries due
to their high strength and ffihess to weight ratio but also their fatigue resistance. However, there is
a large amount of scatter in the results obtained in fatigue testing of GFRRe@s@n is the inherent
probabilistic and heterogeneous nature of the materials, which canndtebeda A second reason is
that fatigue properties of materials often are obtained through testing pbodest specimens. These
specimens arefiected by edgeftects from 3D-&ects and manufacturing- and cutting- induces flaws.
These fects d@fect the results and can cause an underestimation of the mechanical anel fatigerties

of the tested materials. Therefore, higher measured values can beeachyereducing the edgdfects,
which is more in line with what can be expected from a panel in a structure.

Specimens are usually polished after cutting to reduce manufacturing thlaae [1-5]. However, it

is unclear whether the chosen cutting technique has an influence on d¢hnigysefithe edge fects. Only
few papers have been published on the matter, where it is concludedtisiing of edges being cut
by a diamond saw increases the strain at crack onset [6, 7]. Neveghtfe results are scarce, not very
clear, based on static testing, and they do not consider other cutting teelsigch as water jet cutting.
Furthermore, the increase in strain at crack onset for 0-90 cross l@sinehich is the laminate type
tested in this work, is close to none [6].

For these reasons, it is of interest to investigate if the cutting techniquenhiafiteence on the fatigue
results. In this paper, this is investigated by performing fatigue tests on sitfillaxis specimens where
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two different cutting techniques will be used, namely water jet cutting and cutting widmaodd saw.
Moreover, some of the specimens cut with either technique are polishedetonitee the &ect of the
polishing. The crack initiations in the specimens are tracked during testing tenAutomatic Crack
Counting (ACC) algorithm [8]. Light is emitted through the specimen and a dicgtalera on the other
side of the specimen is used to detect changes in the specimen, the ACC algeritfien used to
track the changes. By using the algorithm, it is possible to count all thethek initiate within the
specimen. Hereby, a very accurate comparison can be performed nbitiger of cracks initiating
within the specimens cut with fiierent cutting techniques.

2. Specimen Preparation and Test Setup

The specimens are manufactured of Uniaxial 661 H-glass fibres in a 6 Pd@ester. The fibre mats
have backing layers af80° with ~8 wt% in total. The specimens are manufactured using Vacuum As-
sisted Resin Transfer Moulding (VARTM) on a glass table to ensure a smaodtcs on the bottom

to make it easier to detect the cracks. Standard 2 mm tabs are glued on tkebpfate cutting. The
specimens are cut to dimensions: 250 mm in length and 25 mm in width. The tesigul ilmyhis work

is [0,90,90,0]. The backing layers are placed away from the centrehwiné@ns that the mid layer is
effectively twice as thick as the constraining layers.
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Figure 1. Dimensions of the test specimens.

In this work 3 diferent types of specimens have been tested withréint cutting techniques and surface
finishes:

1. Water cooled diamond saw and polished (DSp)
2. Abrasive water jet cutter (WJ)
3. Abrasive water jet cutter and polished (WJp)

The polishing was done with gradually finer grains down genifinish. All specimens were manually
sanded on the non-smooth surface and a thin film of lacquer was appheellas enhance the trans-
parency. The stitching in these specimens block significantly more light tharetitenaterial as shown
in Fig. 2, which leads to a high dynamic range in the image. This range is higmethideof the camera.
To overcome this issue, specimens 3 to 6 were mounted in the test machineiaradianvas captured to
determine the pattern for the specific specimen. The pattern was inveiteddmn a transparency, and
glued to the backside of the specimen by using the applied lacquer. Thisesethe observed intensity
gradients between stitching areas and non-stitching areas, as shown2ntégeby enabling detection
of cracks in the stitching areas as well. Detection of cracks in the stitchingfisudti for specimen 1
and 2 since this procedure was not done for these. Other methods diirggtéee transparency to the
specimens are currently being investigated.
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Figure 2. Comparison of specimens with and without light intensity filter and a delaminated filte

2.1. Test Setup

The fatigue tests in this work are performed on an Instron ElectroPuls(Bli@8t machine. The load
ratio is R=0.1, meaning tension-tension loading is applied to all the specimens with a maximdingloa
of 3630 N corresponding to a transverse normal stres8t&fMPa in the 90layers.

The test setup is shown in Fig. 3 and it is similar to the one used in [8]. The aamprogrammed to
take images at even intervals on a logarithmic scale, meaning fewer picturdsevtédken per second
further along in the test. An extensometer is attached to the specimen to obtaureneasts of the
stiffness degradation due to thf-axis matrix cracking.
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Figure 3. Test setup at Aalborg University.

A gradual degradation process, where multiple cracks initiate, can heredby using specimens with
0°-constraining layers and acquiring images continuously. The cracksecaonsidered as independent
strength measurements if they initiate so far from each other that they daeratcn

3. Results

The experiments for this paper are currently being conducted at Aalhaixgrsity, which means that
the complete set of results are to be presented at the ECCM17. Howeareriew of the results and
the complications with obtaining accurate results are included in this paper i &gl 5. It is verified
manually that the algorithm has counted the visible cracks correctly for edirens except specimen
1.
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Figure 4. Strain results for all specimens. Figure5. Crack density for all specimens.

4. Discussion

There are variations in the saturated strain levels for the tested specimgimevasin Fig. 4 and this
can be seen to have affect on the crack density in Fig. 5. However, based on the preliminaritsesu
presented here it would seem that the specimens cut with water jet cuttinmplstied afterwards tend
to exhibit lower crack densities than the other specimens. This could on tehathd be due to the fact
that these specimens were tested without any kind of reduction in the dyreamge and therefore cracks
in the stitching areas areficult to detect. For the specimens where the dynamic range was decreased
it came apparent that cracks generally initiated earlier in the stitching than ireghef the specimens.
Hence, this could be one of the reasons why the crack density of théseoutand polished specimens
is lower than for the rest of the specimens. The crack density in specimmeah 24 ia still lower than in
the other specimens if it is assumed that there are cracks in all the stitchingfr®edge to the other in
specimen 1 and 2 provided that the saturated strain level is consideredl.as w

Furthermore, the use of a transparency to reduce the dynamic rangkioesoa practical diculty for
the method, since the transparencies were found to detach from the spetintgy the fatigue tests.
The images are altered in the same way as when delaminations are obsedv&@Gis limited from
counting cracks in delaminated zones as mentioned in [8]. Therefore,ssé&n#al to come up with
an other method of attaching the transparency to the specimens to facilitdtecotanting both inside
and outside of stitching areas, while no delamination occurs to interfere witAGi& The lacquer
turned out to be indticient for attaching the transparency to the specimens, therefore othesiask
are considered. At the moment, the most promising is super glue.

5. Conclusion

The particular stitching thread used in the tested fiber mats makes crack detiffimult since the
intensity diference observed using the transmitted light technique is greater than #midyrange of
the camera system. A method to circumvent this problem has been develapgd transparency and a
negative image. The transparency proved to reduce the inten$éyestice and made it possible to detect
cracks otherwise hidden by the stitching thread. However, the tramgyanes found to peel of during
testing and preventing crack counting in these areas. Therefore caghile type and improved surface
preparation is being explored as possible options for reducing the rizedihg of.
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