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1.Introduction

It may be a commom knowlage by now that the presence of the fibres
Caramid or S-glass fibres) in ARALL )Laminates significantly
enhances the mechanical properties of the laminate, especially in
the sence of the fatigue properties. As a result of the fibre
bridging mechanism, Lthe fatigue growth rates of ARALL Laminates
can be significantly reduced when the fibres remain intact during
the fatigue process. Unfortunately, fibre failure can occur when
as—-cured ARALL Laminates Cwith aramid fibres) is fatigued under
R=0 C.A. load conditions. This problem can be overcome by
"post-stretching +the material +to reverse +the inernal thermal
residual stress system. The fibres are then set in tension and the
aluminum layers in compression. As a result, ARALL laminates gain
better fatigue properties and fibre failure does not occur. This
post—-stretching process has been standardized for some versions of
ARALL laminates CARALL 1D>.

An alternative process has been developed in the laboratory of the
University of Delft. It is found that the reversion of the thermal
residual stress system in ARALL laminates can e=asily be achieved
by rolling the material to a permanent setting (for instance 0.4%
The fatigue properties of the material are as supericr as the
post-stretched versicon and some of the mechanical properties show
also significant improvement without losing any of the advantages
of the material.

The main advantage of this process is that conventional rolling
equipment can be used which means lower costs and higher
productiviiy for the materials manufacturer. It is also important
that this process may be‘used to treat wide panels which are
essential for the application of the ARALL laminates as an
aircraft fuselage skin material.

This rolling process is discussed briefly. in this report. Some

test results are also presented.

* Patent is applied for this rolling process under NL 8703165
“"Manufacturing prestressed ARALL by rolling".

-



2. The rolling process

A rolling-machine as shown in fig.1l is used for this research. The
maximum width of the specimen which can be rolled in thié machine
is ca. 120mm. The diameter of the rollers is ca. 11Smm. The
distance between the rollers can be adjusted within an accuracy of
ca. O.1mm. The speed of the rollers 1is constant.  And all the
specimen are rolled at room temperature.

The permanent elongation of the specimen is measured by comparing
the lengths of the speéimen before and after rolling. A vernier
with an acufracy of 0.0lmm is used for the measurements. The
rollers are adjusted‘empirically to achieve the desired permanent
setting of the specimens after rolling.

It has been found very important that the fibres of the' specimen
must be strictly parallel to the rolling direction of the rollers.
Lo avoid warping-of the specimen. However, rolling tests with
standardized 372 lay-up ARALL specimens  showed very limited

war ping.



3. Some mechanical properties of rolled ARALL laminates

a. C.A Fatigue tests with E=0

ARALL 2 C2/1 lay-upd has been rolled to have a2 permanent setting
of 0.38%4 in the fibre direction.. C.A.fatigue tests have been
carried»out. Some ARALL 2 C2/1 lay-up) as—-cure=d specimen have also
been tested under the same load conditions. The test results are
given in fig.2. _ ‘

It is obvious, that the rolled specimens have much better fatigue
properties compared to the as-cured specimens. Fibre failure did
not occure. The rolled specimen showed a much longer faiigue life
even under the extremly severe fatigue locad condition (R=0,

S=0-1850 MPad.
b. Bell -peel tests

A very important property of any #truétural composite material is
the so—cailed “"peel -strength'. The Bell-peel tests are often
conducted to compare peél—strength of different materials. A sketch
of the test method is given in fig.3. A detailed description of
the test method applied to ARALL laminates can be found in
Dr.M. Verbruggen’s report "The peelstrength of ARALL. LR-2397 Delft
University of Technology#. ‘ ’

Two independent test series have been conducted involving B rolled
and 3 as-cured specimens. The test results are given in'fig.4.\All
the rolled specimens showed significant §improvement in peel
strength compared with the as-cured specimens. The average
Bell -peel strength of the rolled specimens gave 2.4 X the peel
strength of the as-cured specimens. '

According to M. Verbruggen’s theory, different fracture modes -cﬁn
occur with Bell-peel tests (fig.B5). Examination of +the fracture
surface shéws that all tﬁe as—cured specimens show mode 1 fracture
whereas all the rolled specimens show mode 2 fracture which gives

higher Beel peel strength (see fig.63. The test results are found

to be reproducible.



<. Blunt—notch tests

A sketch of the Blunt-notch specimen is given in fig.11. ARALL 2
(271 lay-upd is rolled to have a 0.4% permanent setting and tested
with a Kt—factor of 2.43. Same tests have been carried out with

ARALL 2 (271 lay-up) as—cured. Né difference has been found.
d. Joint bearing tests (Mil-STD-1312D

Bearing strength of a sheet material is considered to be an
important engineering propefty when mechanically fastened joints
are used. It is certainly the case in the aerospace industry.

A test method described in Mil-STD-1312 has been used for
comparing the joint bearing strengths of the materials (see
£fig.7d.

Both ARALL 2 (271 lay-up) 0.4% rolled and as-cured materials are
tested. It is found that all the materials have the same ‘joint
ultimate bearing strength CP 2and Jjoint vield

ultimate

i . i . =0, .
bearingstrength gpyield) Pyield O 87PUltimate

2. Tensile tests and compression testis

The tensile tests are carried out using the test specimen in
fig.8. The compression tests are conducted according to.DIN 53454
(see £fig.9 and Appendix). All specimens are of the &/8 lay-up type
and the permanent setting is O.4% for both rolled and
post—stretchéd versions.

The test results are summarized in fig.10. It is clear that both
post-stretching and reolling have a positive effect on the tensile
and compressive properties of the materials. Rolling of the
material gives even better results for the Young’s moduli of  the
materials.

It should be noted that the wultimate +tensile strength of the
material remains unchanged after rolling which is also the case

when the material is post-stretched (Marissen, R. and Vogelesang



L.B. Development of a new hybrid materiai : ARALL, Int. SAMPE

Conference, Cannes, France, Jan. 1881.D.



4. Brief discussion of the resultis

Smulders C(Fibre fracture mechanism in ARALL laminates with aramid
fibres, thesis work, June 18988, Delft University of Technologyd
suggest§ that aramid fibres practically have no adhesion to the
epoxy matrix in ARALL. The only boﬁding force existing between the
aramid fibres and the matrix is the so-called ‘"clamping forces"
due to the,differenées in the thermal expansion coefficients of
the materials. .

The improvement of the Bell-peel strength of the materials might
be the result of the so-called ‘consolidation effect"” of the
matrix where the matrix is forced to be consclidated eliminating
the micro-cracks and voids in the matrix and resulting in a
higher engineering performance.

The improvements in both the tensile and compressive properties of
the post-stretched laminates are the v result éf the
Bauschinger-effect and the hardening—effect whereas when the
material is rolled, the fibres in addition are probably getting
bhetter support from the matrix. This ﬁight be an explaination of

the superior compressive properties of the rolled materials.



5. Conclusions

1. ARALL laminates can be rolled to have a permanent setting

without damaging the material;

2. ARALL laminates, which are rolled to have a ©0.4% permanent
setting, show superior compressive properties compafed to both

the as-cured and post-stretched versions;

3. ARALL laminates, which are rolled to have a 0.4% permanent
setting, show superior tensile properties compared to the as-cured
version, and have simular tensile properties as cohpared to +the

post~stretched version;

4. The Bell-peel strength of rolled ARALL is at least twice as high

as the as—cured ARALL laminates;

5. The fatigue properties of the rolled AEALL laminates are simular
to the post-stiretched ARALL laminates and are far superior to the

as-cured ARALL laminates;

5.In generél. rolled ARALL laminates show simular engineering
properties as the post-stretched ARALL laminates. No indication of
decreasing in engineering properties of rolled ARALL laminates is

found compared to the post-stretched and as-cured versions;

7.Rolling of ARALL laminates is a very promissing process to
enhance the engineering properties of the material. It might turn
out that this process is also very attractive from an economic

point of view.
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Fig.10 Effect of rolling and post-stretching
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