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The subject-matter of this article is the three-dimensional drapability of multi-
axial materials. Two purpose-developed methods of draping were investigated.
Laser transmission welding was utilized for a partial and geometrically adjusted

separation of fixing stitches.

The manufacture and the processing of
geometrically superior light construction
parts made of fiber composite materials in
three dimensional geometries serves as a
response to needs of the automotive,
transport, mechanical engineering, and
air industries for textiles with higher dra-
pability.

Effective laser treatment parameters en-
able fold-free draping in a basic geomet-
ric shape up to the diameter capacity of a
hemisphere. This is achieved through del-
icately finished, two-layered, multi-axial,
carbon fiber material with PET threads for
fixing and uniform separation of the PET
stitches.

For this, two methods of draping were uti-
lized both with defined fixing points and
as a modified hand application. In the
hand application process, fiber-compos-
ite parts could be produced in convex or
concave shape. Possible applications re-
late to airplane production for windows
and areas featuring slight curvature, for
the afterbocly of the Airbus and slightly
curved parts of the outer-surface of heli-
copters. Unwanted folds and overlapping
can be avoided in many applications.
ldentical strength of the components pro-
vides for a light weight.

Problem analysis

Methods and processes for the manufac-
ture of preforms from textile fabrics are
somewhat costly. The desired product
quality: high strength in the main deform-
ing area, fold-free and seam-free drap-
ability, no build-up in the polymer matrix
and weight reduction are only partly or
not at all achieved; thus, possibilities of
implementation are still limited. Simply
curved geometries could be achieved in
costly processes with the use of unidirec-
tional materials. Complex geometries can
be achieved utilizing winding with an op-
timal fiber layer, but only for convex
shapes, This is generally due to damage of
the multi-filament [1-4].

Use of these materials provides chal-

lenges particularly related to their three
dimensional design during fiber protec-
tive manufacturing and lubrication [5].
New and specific possibilities of draping
in the molding of simple three-dimen-
sional geometries of semi-refined materi-
als using a fractionally geometrically fit-
ted cutting of thread stitches will be in-
vestigated. [t is intended that the fiber
layers will maintain their forms.

Testing process

A 50 W diode-laser (LM 50 with a fiber
coupling, and wavelength of 808 nm) was
used for an extended length of time to
separate the PET fibers,

An advantage during laser welding, the
black carbon fibers absorb radiation which
is transferred through thermal conduction
to the white PET fibers. These fibers, which
are not affected by the laser, but have a
lower melting temperature than the car-
bon fibers conduct this heat and melt on
top of the black fibers [6]. Advantages of
laser use are high productivity, reliability,
and minimal thermal stress on the area due
to the precise, local and contact free ap-
plication of heat. Damage to the sur-
rounding material also remains low.

Experimental parameter tests

For trial tests [5], a two-layer multi-axial
material was employed of +45°/ -45° 800
tex. Carbon from the company Toray, with
fiber 76 dtex f 24 PET, textured, with a
yarn count of 5 F, stitch length of 2.5 mm,
structure, pillar stitch and a mass per unit
area of 410 g/m2.

A thermo gravimetric analysis during laser
testing demonstrated that a separation of
the PET fibers without waste-residue, and
without damage to the carbon fibers or
their lubrication was possible at working
temperature from 240 °C to 270 °C.

The complexity of the temperature par-
ameters, speed, time, output, heat dissi-
pation from the base-layer, separation
width, radiated surface, laser profile, the
capacity of the unit and operating effi-

ciency all have an effect on the separation
results:
¢ Successful separation of PET fibers oc-
curs at low temperatures with low
speed, structure, and geometrically
specified continuous laser exposure.
A base-layer that removes heat less than
steel, such as a PET heat-web, achieves
less output in melting and in using
lower temperatures, less reaction on
the surface and bottom-side of material.
* An enlargement of the laser beam
through defocusing resulted in greatly
improving the progress: shorter pro-
cessing time, higher operating efficien-
cy and large separation widths.
¢ There are two limitations of the unit:
Defocused laser work in the processing
area is non-uniform and the round laser
beam results in a less heated outer-area
than in the center and a higher proce-
dural speed minimizes the melted area.
Effective parameters enable uniform melt-
ing of the PET fibers at the temperature of
240 °C with a separation width on th es-
urface (~2,500 mm2/min) and on the
backside.

Effect of parameters related to bending

The effect of optimal parameters on bend-
ing variables of material layers with epoxy
resin matrix, after laser fiber separation,
demonstrated a tendency to decrease in
bending (Modulus E), a limited increase
in strain, distortion, toughness, and break
stress at 240 and 280 °C. Impact tests did
not show a clear relationship between
damage and test treatment. The minimal
differences suggest few disadvantages of
use at either temperature. Without sewing
threads, penetration of the matrix utilizing
hand lamination is better [5].

Attempts using a three-dimensional
draping test rig

Using basic geometric forms fit to a hemi-
sphere, in the x, y coordinate system the
separation of the largest symmetrically
formed surface with limited line spacing
was achieved through laser treatment. The
effect of laser treated forms in fold-free
draping was tested using two repro-
ducible methods with specially devel-
oped devices. In multi-axial materials,
draping is only possible through shearing.
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Strain and fiber stretching is reliable in
high performance fibers.

Tests on the Draping Test Rig (Fig. 1) with
a glass swivel as a draping form, a sten-
tering frame for square material, perforat-
ed sheets at diameters of 274, 292,
298 mm to support draping and a gauge
for a draping height of 90, 119, 149 mm
as well as driving spindles to support
equal weight distribution show in the cir-
cular basic form:

¢ Stretched, untreated or laser treated
materials result in a draping height of
only 75 mm as shearing causes a defi-
nite retightening of the material.

In un-stretched and untreated material,
a fold-free drape of up to 90 mm
(Diameter 274 mm) is possible. More-
over, up to six folds result (Fig. 2).
Un-stretched, laser treated material de-
velops, due to geometric separation, up
to 7 folds. Symmetrical geometries pro-
mote symmetric and uniform laser
treatment.

For fold-free draping through shearing
(Fig- 1) up to a 298 mm maximal diam-
eter of the glass swivel and a draping
height of 149 mm, both a defined point
by point fixing parallel to the y- and x-
axis outside of the stretching area and a

Fig. 2 Untreated fabric with threads with 6
folds at high diameters and draping heights
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Fig. 1 Draping testrig
and fold-free draping
by geometrically ad-
justed separation,
maximum diameter:
298 mm, draping
height: 149 mm

uniformly laser treated, circular formed
inner area, an extra 2 c¢m, that corre-
sponds to the degree of bend of the
hemisphere are required.
Fixed, the material will not return to its
original state. Disadvantages of the drap-
ing test state were fiber tears and damage
caused by the perforated sheet.

Trials without a test-rig for deformation
utilizing manual stretching served as a
temporary technology suited to a variable

Fig. 3 a) Deformation behavior of the preform
in x and y directions - 10 mm raster; b) Defor-
mation behavior in x and y directions - T0 mm
raster, draping zone is marked at a maximum
diameter of 298 mm and a draping height of
149 mm

process of hand application. A newly de-
veloped cutting layout for a modified
hand application process where the car-
bon fibers lay parallel to the edge of the
material square saves on material and
lowers costs. Laser treated, a squarer with
edge lengths corresponding to the degree
of bending in draping is 2 cm longer. The
trials demonstrate:

¢ The manual and incremental stretching
of diagonals consecutively at 90° shift-
ed to right and left in two opposite di-
rections brings about a nearly accurate
distortion.

Shearing of multi-axial material is made
when material is homogenously lasered
over a large surface.

The preform can be applied to the form
stabily and without folds.

¢ The deformation described is two-di-
mensional (Fig. 3a, b) with local main
axial directions of the deformation ten-
sor set in diagonal (stretching direction)
and perpendicular directions. The de-
formation is defined by a cross expan-
sion and length stretch.

Fold-free draping is possible with a
maximum hemisphere diameter of
298 mm and a height of 149 mm.
Uniformity of tension is essential to the
quality of the draped surface. Without fix-
ation, further deformations remain possi-
ble, which lead to build in the roving [4].

Results and Outlook

The process of defined separation using
laser transmission welding is applicable in
principal. In the hand application process,
fold-free fiber composite parts were built
on the concave and convex form of a half
globe (Fig. 4). This concave form necessi-
tates a separation of hand-application and
deformation. Epoxy resin L20 with hard
EPH 161 was employed as a matrix [5].

Fig. 4 Fiber composite (negative form - con-
cave) with fold-free exterior, hemisphere diam-
eter 298 mm, height 149 mm; hand laminate
with epoxy matrix L20 and hardener EPH 161
with 4 layers of pre-draped multi-axial non
crimp fabric
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The fibers need to be more precisely
melted through a more exact energy ap-
plication. Waste residue free separation
and the effects of residue need to be in-
vestigated. Fibers with a lower melting
temperature are expected to produce a
higher effectiveness by a factor of 2-3.

Further activity will take place in im-
provements to the technology through
mechanization and ability of reproduc-
tion. The problem of back-deformation
through release of restorative forces
should be dealt with for quality improve-
ment. Eventually, bunches and bends in
the fibers, which cause poor hand appli-
cation through build-up in concave
forms, are to be improved. The ultimate
goal is the improvement of hand applica-

tion technology in order to raise the volu-
metric content of the fibers and ultimate-
ly, the strength in components [5].
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Empa: fiber reinforced polymer
composites for construction

Carbon fiber reinforced polymer (FRP)
composites are frequently used today to
strengthen buildings to make them suit-
able for new applications and uses, as
well as to prevent them suffering earth-
quake damage. The success of this mod-
ern material is due to its ease of use and
its lightness. New products, however,
must be handled with a certain degree of
caution. In mid-January 2007 experts
from all over Europe gathered at Empa,
Dibendorf/ Switzerland, to discuss their
experiences involving novel applications
with these fiber composite materials.
Today it is impossible to imagine the
building industry without carbon fiber re-
inforced composites, the two main rea-
sons for this being that these materials are
extremely light and resistant to corrosion.
Initially the high price was counterbal-
anced by the ease of handling and use. In-
creased demand anel resulting greater
production rapidly brought down the pur-
chase cost of FRPs. And demand is bound
to continue to rise, because ever more ap-
plications are coming to light as more and
more elderly concrete building become
due for renovation. In such cases the use
of carbon fiber reinforced composites is
often the most economic solution - why
demolish an old building and replace it
with an expensive new one when it could
be economically repaired using these
modern materials?

For example Kypros Pilakoutas of the Uni-
versity of Sheffield/UK and his colleague
Marco Di lLudovica of the University of
Naples/ltaly described their work in con-
structing two and three storied buildings

on shaker platforms and then subjecting
them to high levels of acceleration. Even
at these loads the structures strengthened
with carbon fiber reinforced composites
suffered little damage, while those which
were not so equipped would have rapidly
collapsed.

In addition one of Motavalli's coworkers,
Christoph Czaderski, presented a newly
developed method which allows carbon
fiber reinforced strips to be placed under
tension before being attached to the build-
ing structure in a "prestressed" state using
adhesive without any permanent anchor-
ages. Prestressed strips have the advantage
that, for example, the strengthened struc-
ture shows smaller distortions and cracks.
An interesting variation on the theme of
fiber reinforced material comes from
Greece. Thanasis Triantafillou of the Uni-
versity of Patras replaced the modern car-
bon fibers with textile-based ones, using
standard mortar as a binder instead of
polymer. Even if laboratory tests showed
that his materials did not quite achieve
the same high values as the high-tech ma-
terials, the textile composite materials do
have certain advantages. One decisive
plus point lies in its cost-effectiveness -
while it is true that the textile fibers must
be specially made, and are therefore not
significantly cheaper than carbon fibers,
the mortar used costs practically nothing
when compared to the polymer binder.
Another is that "normal" building workers
are capable of carrying out the reinforcing
work with the "low-tech" material, obviat-
ing the requirement to employ expensive
specialists.
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