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Abstract 
 
The “Dry fibre Placement” process is a preforming process in which the bound carbon fibre 
bands, called fixed tows, are assembled in fully automatic ways. The process was developed 
by M&A Dieterle GmbH in cooperation with the Institut für Flugzeugbau (IFB). It makes it 
possible to produce individual textiles of near net shape preforms with a low aerial weight. 
These will serve as bases to make volumes in 3D. In this thesis, mechanical characteristic 
values of dry carbon preforms are determined. The preforms for this are produced with the 
help of the crosslayer. The 3D shaped double domes are made by the Test Rig.  

The objectives of this thesis are as followed: 

• Test and document the textile behaviour of dry fibre placement preforms draped into 
3D shaped reference geometry: the double dome 

• Build a complex 3D shaped CFRP part to show the material performance and serve as 
an exposure model. 
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I- Introduction 
 
There is more and more knowledge in the world. It takes two years until the knowledge of 
mankind had doubled. This constant increase in knowledge and the associated progress also 
stands for the constant increase in innovations in the lightweight construction sector. Many 
thinks of “complicated” or “expensive” lightweight construction, but the fibre composites that 
dominate lightweight construction have a lot more to offer. 

The 2019 extrapolation of "Carbon Composites" shown in Figure 1 makes it clear that demand 
for CFRP components has continued to rise in recent years and an upward trend is to be 
expected in the future. CFRP components owe this above all to their very high load capacity 
and at the same time light weight. Furthermore, CFRP components are almost arbitrarily 
formable and corrosion resistant. 

 
Figure 1 : CFRP demand worldwide (*expectations) 

Source: www.eucia.eu 

CFRP is most commonly used in aviation and the automotive industry. The weight savings 
achieved through the use of CFRP not only serves performance, but also contributes to 
environmental protection through lower fuel consumption. CFRP is also in increasing demand 
in the medical sector, where lighter prostheses for example, can be constructed. 

The market for lightweight construction is far from exhausted, which is why further 
developments and innovations are needed. One of the most important segments in the 
production of lightweight components is the preforming process. 
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II- Literature review  
 

A. State of the art 

1. Introduction of fibre composite technology 
 
A Fibre Composite Material (FCM) always consists of a surrounding matrix and the fibres 
embedded therein. In an FCM, the two main components always take on different tasks, 
exploiting the anisotropic properties of the fibre. Depending on the requirement, these can 
be oriented in the component in different ways. 

In fibre composite technology, the correct interaction of the starting materials is always 
important. When processing FCM, two different starting semi-finished products are generally 
distinguished: pre-impregnated (prepregs) and dry semi-finished products. 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 

2. Matrix and fibre materials 
 
As the name already says, Fibre Reinforced Composite (FRC) are a composite of usually two 
starting distinguishes between matrix and fibre material. 

Plastics are preferably used as the matrix material, since they have a high degree of design 
freedom. After their molecular networking, plastics are divided into three large areas. 

• Thermoplastics 
• Duroplasts 
• Elastomers 

Fibre 
Raw Material 

Matrix 

Layers 
lamination 

Unidirectional Multidirectional 

Fibre Composite 
Material 

Typical fibres: 
• Glass Fibre 
• Carbon Fibre 
• Aramid Fibre 

Typical Matrix: 
• Polyester resin 
• Epoxy resin 
• Vinylester resin 
• Thermoplastic 

• Highly resistant in 
the fibre’s 
direction 

• Structure for the 
desired thickness 

• Resistant in many 
directions 

• Structure for the 
desired thickness 

Layer 
Pressed, cured 

Figure 2 : Basic principle of the production of FCM. 
Source: Own illustration 
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The latter are less suitable as a matrix material for laminates, as an FRC should have a high 
stiffness. Thermoplastics are only suitable up to their softening temperature, as they lose their 
mechanical properties from this point on. In addition, thermoplastics tend to absorb moisture 
rather than thermosets. The most commonly used thermosets are epoxy and phenolic resins. 

All conceivable fibres can be used as fibre materials. From organic jute or flax fibbers to 
carbon‚ and aramid fibbers, any fibre can theoretically be used. Which fibre is ultimately used, 
depends on the structural requirements of the component. Typical fibre materials are glass, 
aramid or carbon fibre. In terms of recycling and environmental protection, natural fibbers 
such as flax or cotton are also used. Properties of different fibres are listed below. 

Table 1 : Properties of different fibres 
Source: Based on Gottfried Wilhelm Ehrfried Composite Fibres: “Materials - Processing - Properties” 

 

The scattering of some values can be explained by the fact that the individual fibres are often 
divided into different classifications within a fibre. The carbon fibres, for example, can be 
divided into five types: 

1. HT fibre (High Tenacity): high-strength fibres 
2. ST fibre (Super Tenacity): Higher strength than HT fibres 
3. IM Fibre (Intermediate Module): Higher stiffness than HT fibres 
4. HMS (High Module/Strength) fibre: High stiffness, high strength 
5. UHM (Ultra High Modulus) fibre: highest stiffness 

The table above shows that steel has the highest density (7.8 g/cm3) and is therefore the 
heaviest material. The lightest fibre is jute. In terms of tensile strength, the carbon fibre 
reaches the highest value with up to 6370 MPa. The table also shows that the natural fibbers 
have a significantly lower tenacity than steel and the inorganic fibres. This trend is also the 
case when looking at the values for the Young’s Modulus. 

Material 
Density Tenacity Young's 

Modulus 
Breaking 

Strain 
g/cm3 Mpa Gpa % 

Steel 7,8 1,8-2,2 210 1,4-1,7  

Glass Fiber 1,52-2,60 2400-4400 70-86 <4,6-<4,8 
 
 

Aramid Fiber 1,45 3400-3800 80-186 2,0-2,8 
 
 

Carbon Fiber 1,75-1,93 3530-6370 230-588 0,7-2,2 
 
 

Linen 1,46 875 50 1,4-4,0 
 
 

Jute 1,42 570 40 2,5 
 
 

Cotton 1,51 620 20 max. 10 
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The comparison of the breaking strain is interesting. While steel reaches a maximum 
elongation between 1.4% and 1.7%, glass fibbers are significantly higher and carbon fibbers 
lower. The most extensible of the inorganic fibbers are the aramid fibbers, which, depending 
on the type, achieve a maximum of 4.8% elongation. They are particularly well suited as a 
material for bulletproof vests. 

In summary, the inorganic fibres have better properties than organic fibres in terms of their 
mechanical characteristics. Although they are still expensive in comparison to organic fibbers, 
except for glass fibres, they are often used in aerospace technology and in the automotive 
industry. 

 

3. Tasks and requirements for fibre composites 
 
Fibre composites function through task allocation, where it is primarily about the absorption 
and distribution of forces. Here, the matrix and fibre each have a specific requirement profile, 
which must harmonize with each other. Therefore, not every fibre material is compatible with 
every matrix material. 

The tasks and requirements for the matrix material are: 
• Embedding the fibres in the component 
• Transfer forces (fibre-fibre, resin-fibre); important here is a good adhesion to the fibre 
• Support of the component at pressure against buckling, since the fibres are seen 

statically function as a rope, this means they do not absorb compressive forces 
• Protect the fibres against external damage 
• Forming the fibres as a component that the fibres themselves against shear forces 

elastically react 

The tasks and requirements for the fibre material are: 
• High strength 
• High stiffness 
• Low density, since FVW are mainly used in lightweight construction 
• Good surface finish for connection with matrix 
• The actual task of fibres and the Property of FRC. 

The tasks and requirements for the fibre composite are: 
• The strength always depends on the fibre direction and the fibre volume content. In 

general, the greater the fibre volume content, the greater the strength. 
• In general, a distinction is made between short (50 μm), long (up to 50 mm) and 

continuous (> 50 mm). Short and long fibres are mainly used in processing with 
injection moulding machines and extruders. 
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Table 2 below lists the main advantages and disadvantages of fibre composites. 
 
Table 2 : Advantages and disadvantages of fibre composites 
Source: https://www.bartleby.com/essay/Advantages-And-Disadvantages-Of-Composite-Materials-PJJ8WS973U 
 

Advantages Disadvantages 

High specific stiffness and strength Low tenacity transverse to the 
fibre 

Features variable and adaptable to 
application requirements 

Non-destructive material testing is 
still difficult 

High corrosion resistance Damage due to mechanical load is 
usually difficult to detect 

High disposability of raw materials Recycling is a big problem 
 

4. Types of failure of fibre composites 
 

• Fiber Breakage 

With an optimal component design of an FVW, the fibres run in the direction of the highest 
loads. Here, the load runs parallel to the fibre, which means that the entire load is absorbed 
by the fibre. When one speaks of a fibre break, this means a simultaneous failure of several 
fibre bundles. The strength of fibres in the fibre direction is very high due to their small cross 
section (few defects). This requires very high loads to provoke a failure in this way. Due to 
these high loads, a stress transfer is almost no longer possible. This is why fibre breakage is 
usually accompanied by a failure of the entire component. [1] 

 

When 50% of the breaking load of the fibre is reached, the first fibres tear. FVW do not have 
completely brittle properties when failing but expand in the longitudinal direction. 

In the case of fibre breakage, a distinction is made between the tearing of the fibres under 
longitudinal tensile stress and the bending of the fibres under longitudinal pressure. These 
failure types are shown schematically (on the left is a longitudinal tension load; on the right is 
a longitudinal pressure load). 

 

 
 

 
 

 

 
Figure 3: Failure types during fibre breakage [1] 
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• Intermediate fibre break 

In contrast to fibre breakage, the load here takes place outside the fibre orientation. This 
means that it is no longer the fibre that takes up the greatest load, but this is now taken over 
by the matrix. The individual layers of a fibre composite structure lie in different directions, so 
they do not have the same load capacities. Therefore, it can happen that the failure of the 
component does not necessarily lie in the plane in which the load is highest. This is located at 
the level where the load limit is first exceeded. 

In the case of intermediate fibre breakage, a distinction is made between three types of 
failure:    

- Failure under transverse tensile loading (see Figure 4) 

 
 
 
 
 
 
 

- Failure under shear load (see Figure 5) 
 

 

 
 

 

 

- Failure under transverse pressure load (see Figure 6) 

 

 
 

 

 

Compared to fibre breakage, failure occurs with significantly smaller loads in these three types 
of loading. This is because the load can only be absorbed to a very small extent by the fibres.  

 
 
 
 
 

Figure 4: Transverse tension load [1] 

Figure 5: Shear load [1] 

Figure 6: Transverse pressure load [1] 
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B. Preforming in fibre composite technology 

 
Over the years, various preforming processes have emerged in fibre composite technology. In 
the preforming process, the fibres are generally produced in a desired form or semi-finished 
textile product. The most common methods are the tape laying process, the TFP (tailored fibre 
placement) process, braiding and weaving. In this work, the tape laying process is increasingly 
discussed. 

1. Automated Fibre Placement (AFP) 
 
The preforms produced by the AFP process are called fabric. For the stacking process, the 
individual carbon fibres are spread and combined to form a carbon fibre tape with the aid of 
a binder. These differ in the enables the adjustment of a higher fibre volume content and a 
better component quality. For example, a tape roll has a binder content of 8% and is made of 
24K fibres. This means that 24 000 filaments are combined into one yarn. 

 
Figure 7: Schematic tape laying process 

Source: https://www.researchgate.net/figure/Schematic-diagram-of-AFP-process8_fig14_336836288 (last accessed on 
19.02.2021) 

 
Figure 7 shows the pattern of the AFP process. The impeded tapes are stored by means of a 
computer-controlled robot. The tapes are usually wound onto a roll and are fed to the 
pressure roller by a feed system. For the depositing process, a heat input is necessary in order 
to deposit the individual tapes on the depositing base (usually glass fibre fabric or a special 
tool). This method makes it possible to store several stacking layers on top of each other in an 
automated manner. To ensure an optimal process, the factors of heat input, contact pressure 
and feed speed must be perfectly matched. In addition, it must be ensured that the gap 
between the individual tape layers (referred to as gap) is as small as possible, as these reduce 
the strength of the later component if the distance is too large. 

By means of the depositing method, flat fabrics close to the end contour can be realized with 
a high degree of automation and low waste. [3] 
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2. TFP process 
 
Since a TFP embroidery system was used in the preliminary tests for this work, the principle 
of the TFP process is briefly explained below. The preforming processes of braiding and 
weaving are not explained further. 

The principle of the TFP method is based on that of sewing. Here, a carbon fibre roving is 
attached to an embroidery base in any geometry with the help of an embroidery system. 

 

 
Figure 8: Schematic TFP process 

Source:  https://www.researchgate.net/figure/The-principle-of-the-Tailored-Fiber-Placement-TFP-by-
embroidery_fig2_277631766 (last accessed on 19.02.2021) 

 

Figure 8 illustrates the procedure explained above. This is a schematic sketch without the 
representation of the underbelly. In the TFP process, the roving is attached to the embroidery 
base with a double stitch, which consists of upper and lower thread. 

Important parameters of the TFP process are thread tensions, stitch width and feed speed. As 
with the depositing process, the waste in the TFP process is very low, which saves resources. 
Furthermore, this process is highly automated, but the sewing thread is a foreign material in 
the laminate. These can simultaneously be an aid in the infusion process, since they act as 
small flow aids in the component. 
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C. Infiltration process 

For the production of FRC there are many different injection methods such as: 
• Hand laminate 
• Autoclave procedure 
• The RTM (Resin Transfer Moulding) 
• VAP (Vacuum Assisted Process) 

In the following, the VAP process and a modification thereof will be considered. This method 
was used for the production of the exposure model: a seat for a tricycle. 

In the VAP process, unlike in the RTM process, one speaks of an infusion process (exact resin 
fusion process), since in the VAP process only the vacuum generated, and the resulting 
pressure difference is used to impregnate the preform with the resin system. Under the RTM 
procedure one of an injection method, since the resin system is here transported with 
pressure from a pressure head into the tool to soak the preform. 

The VAP process has a higher process reliability and is better controlled than the RTM process. 
Furthermore, no expensive aluminium tools are required for the production of CFRP sheets, 
which would have to be produced separately. 

 

 

 

 

 

 

 

 

 

 

 

Figure 9 shows the schematic structure of the VAP process. The principle is based on the fact 
that resin gets into the structure with the help of a generated vacuum. In contrast to the VARI 
(Vacuum Assisted Resin Infusion) process, the structure of the VAP process is sealed in two 
zones so that air can be continuously sucked in via the cast without coming into contact with 
the resin system. This ensures better extraction during the process and thus counteracts the 
formation of air bubbles. However, this can only be achieved through the semi-permeable 
VAP membrane. This means that the membrane (seen from bottom to top) is permeable to 

Omega (resin entrance) 

Preform 
Air aspiration 

Sealing 

Support / mould 

Airtight vacuum film 

VAP membrane 

Flow Media 

Perforated foil 

Figure 9 : VAP process 
Source: own illustration 



Corentin Fouassier                                  Master Thesis                                                February 2021 

IFB and Icam 17 

air, but not permeable to the resin hardener system. This advantage over conventional 
infusion methods enables the adjustment of a higher fibre volume content and a better 
component quality. [2] 

Simply put, the structure in which the preform is located is exposed to a vacuum. This is 
achieved with the help of a vacuum pump. The cast (location of the air extraction) is located 
on the VAP membrane between this and the vacuum bag in the upper zone. In the underlying 
zone, the actual structure is located together with the sprue, through which the resin system 
can reach the structure. As a result of the fact that the actual structure is sealed separately, 
the flow direction of the resin system is determined by the thickness of the preform (number 
of individual layers, for example), in the Z direction. [2] 

A further advantage of infusion with VAP compared to the VARI process is that no pressure 
equalization has to be performed after infusion with VAP. This reduces the pore portion and 
possible air inclusions in the finished component. Looking at the pressure areas in this setup, 
it becomes clear why this is so. Outside the superstructure there is ambient pressure, in the 
upper zone there is negative pressure. In the lower zone, air is extracted, but here is the sprue. 
The resin container, however, is not exposed to negative pressure and is at ambient 
pressure. [2]   

Consequently, the lower zone, once filled with resin, also has ambient pressure. This is 
because, unlike air, the matrix is an incompressible medium. Ambient pressure prevails in the 
lower zone and outside the superstructure and negative pressure prevails in the upper zone. 
These pressure areas balance out, which renders pressure compensation obsolete. [2] 

The individual layers in the structure have different tasks and are now explained. 

The flow media is a mesh fabric which has an open structure. This makes it possible to control 
the initial flow of the resin system, as the resin, like most media, takes the path of least 
resistance. Without the flow aid, the resin-hardener mixture would reach the preform in an 
uncontrolled manner and would not completely soak the preform due to its viscosity. 

The perforated foil serves mainly to be able to easily separate the structure from the glass 
plate after curing the resin. 

This procedure must be carried out with the utmost care. In addition, it must be ensured that 
the structure is free of any leaks. A leaky structure has massive effects on the component 
quality, as air enters the structure here. This creates voids in the component and therefore 
defects. 
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D. Machines 
 

1. Crosslayer 
 
The crosslayer process is a process developed by M&A Dieterle GmbH and IFB, which lays 
down fully automated reduced carbon fibre tapes close to the final contour. This method is 
based on the tape laying method. The tapes required for this are also produced by the 
company M&A Dieterle GmbH and are therefore optimally adapted to working with the 
crosslayer. 

Figure 10 shows the structure of the crosslayer. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Tape 

Tape roll 

Locking screw 

Knife 

Feeder 

Press roll 

Halogen lamps 

Figure 10: Crosslayer Head 
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The head of the crosslayer labelled in figure 10 can rotate around its own axis and move up 
and down in the z-direction. Here, it has two positions, one upper position, where it moves to 
the next deposition point, and the other in the lower position, where the pressure roller comes 
into contact with the deposition ground. There must be some pressure to ensure that the 
tapes adhere correctly, the placement frame itself can be moved in x- or y-direction. 

Tasks of the individual components: 

On the tape roll, the tape is wound up and fed to the crosslayer. Possible irregularities 
influence the accuracy of the deposition process and thus the quality of the component. 

The locking screw ensures that the tape roll remains in its guide and also serves to determine 
the preload of the tape. The harder you pull it, the harder the roll can rotate and the higher 
the tension that is applied to the tape. 

The infeed mechanism ensures an exact guiding of the tape. They also press the tape together 
and push it back and forward. 

The crosslayer does not allow to lay curves, so several tape paths have to be combined to get 
the desired geometry. For this, the tape has to be cut off again and again, and the knife 
performs this task in cooperation with the press rollers. 

For the deposition process, a heat input is required to activate the binder in the tape so that 
it adheres to the deposition base. This is ensured by two halogen lamps, which can be cooled 
and controlled on different powers. 

The pressure roller provides the necessary pressure to tie the tapes on the substrate or the 
next layer of tape. 

 
2. Draping Test Rig 

 
The Draping Test Rig was developed by the IFB. It was built in order to perform draping 
models. A draping model is required to predict the material deformation during forming. To 
create this model, the Draping Test Rig uses the “double dome” geometry as reference. [4] [5] 

Figure 11 shows the different elements composing the Draping Test Rig with the double dome 
geometry. Following is described the draping process and the tasks of each components. 

The draping process starts by heating up the mould and the stamp to the binder performing 
temperature of the material being draped. While the moulds are heating up, the preform can 
be placed at the right position on top of the down mould. 

Then, the table can move up and down. This allows the down mould to come in contact with 
the blank holders. The latest are used to apply pressure on the preform while draping it. There 
are 28 blank holders spread all around the down mould as shown in figure 13. Each one of 
them can be controlled individually to apply pressure at certain places of the preform. The 
pressure applied can be from 5N to 50N. 
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Once the force applied by the blank holders is set and the moulds are at the preforming 
temperature, the preform is ready to be draped.  

The stamp is mounted on two synchronised actuators. This allows the stamp to go down in 
the down mould such as a press would, draping the preform in between the two moulds. 
When the up mould is in place in the down mould, the temperature of both moulds is elevated 
to the curing temperature of the material. The curing temperature is the temperature which 
will fix the material in place, so it stays in the shape of a double dome. 

After reaching the curing temperature, the heating elements can be shut down. The fans are 
now turned on in order to cool down the material in order to remove it from the mould. When 
the temperature reaches the preforming temperature, the fans are turned off, the up mould 
go back up and the table go back down in the origin position. The draping process is done as 
shown in figure 12. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Double dome 
mould 

Table 

Blank holders 

Double dome 
stamp 

Fans 

Figure 11: Test Rig components 
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Figure 12: Draped Dry fibre placement preform 

Figure 13: Blank holders organisation 
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III- Material and methods 
 

A. Carbon preforms 
 
The preforms needed for the experimentations require dimensions of 350mm x 330mm in 
order to place the latest on the double dome mould of the test rig. To produce the preforms, 
the row material used was the carbon fibre SIGRAFIL® C T24-5.0/270-E100. 

In the table below, the carbon fibre specifications are listed:  

 

Table 3: Carbon fibres characteristics from the manufacturer datasheet 

Typical Properties Units C T24-5.0/270-E100 
Number of filaments   24k  
Finesse of yarn dry tex (g/km) 1600 

Density g/cm3 1,79 
Single filament diameter μm 6,9 

Tensile Strength GPa 5 
Tensile modulus GPa 270 

Elongation at break % 1,9 
Single filament resistivity μΩm 14 

Sizing type   Epoxy 
Sizing content % 1 

Tensile modulus GPa 270 
Tensile Strength GPa 5 

 

This roving is modified with a specific process in the machine in the picture below in order to 
obtain a 20mm width carbon tape. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 14 : Tape Production machine  
https://www.ma-dieterle.de/en/ 
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During this process, the raw material is unwinding from the bobbin on the left side. Then, the 
fibres come through different rollers in order to spread the fibres. Just after, they are going 
into omega rollers to release the tensions. 

After that, the binder is drop off on the carbon tape and heated in order to fix it.  

At the end, the carbon tape is cooled down and measure to ensure to have the right width, 
after it is wind onto a bobbin. This machine can produce 20 m/min of carbon tape from raw 
material. 

After this process the bobbin is ready to be used in the crosslayer machine. You can see below 
a visual of the “ready to use” bobbins.  

 

 
Figure 15: Carbon tapes enrolled in bobbins  

https://www.ma-dieterle.de/en/ 

 

The fibres used for the preforms are the UD-fixed Tow CF 24k. You can see in the tables below 
the data sheets of this carbon fibres (carbon and binder): 

 

Table 4: Carbon tape characteristics from manufacturer datasheet 

Material Data 
Roving type Carbon fiber (CF) SGL Sigrafil C T24-5.0/270 
Binder type Reactive, epoxy-based Hexion Epikote 06720 

Spreading width 20mm   

Areal weight CF 80g/m2   

Binder amount 8 wt.% / 9g/m2   
Binder preforming 80 -90 °C   
Binder crosslinking At > 100°C   

UD fixed tow per spool 450 m   
Spool dimension Æ 230µµ, core: 125µµ Plastic spool 

 
The binder is used to make the carbon sticky in order to fix the different layers together. The 
binder also allows to manipulate the fibres easily and keep the width of the tape stable. 

The binder amount in the used tape is 7%. It was activated thanks to the heating lamp on the 
head of the machine. 
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Binder: Hexion Epikote 06720 

 
Table 5: Binder characteristics from manufacturer datasheet 

EPIKOTE 
Resin 

Systems 

Curing conditions 

Time (min) Temp (°C) Process Typical application 

EP TRAC 
06720 1-10min 120-170 RTM LCM 

Cross-linkable binder for 
parts made with liquid 

molding processes 

  

Remarks: Reversible process of performing in the temp range of 
80-90°C. Cross-links at a temperature of 100°C and above. Very 
good processability during application. Very good compatibility 

with epoxy resin 
 

B. Preforms layout strategy 
 
The main goal of the draping test is to know the parameters to use in every preforms 
configurations conceivable in order to get a part with the less defects possible. With the right 
parameters, the double dome preforms can be used for simulation tests on a software to 
analyse the defects that caused the draping. 

In order to measure the influence of the layer organisation on the draping process, it was 
decided to use different configurations. 

Here are listed every layer combination possible for this project:  

- 0° layout without gap. It means that all the tapes are connected with each other and 
the fibres are unidirectional in the X direction. 

- 0° layout with gaps. Between each tape, there is a two-millimetre gap. The fibres are 
unidirectional in the X direction. 

- 90° layout without gap. The fibres are unidirectional in the Y direction. 
- 90° layout with gaps. The fibres are unidirectional in the Y direction. 
- +45° layout without gaps. The fibres are unidirectional in diagonal with the X direction 

increasing between the two edges of the tape. 
- +45° layout with gaps. 
- -45° layout without gaps. The fibres are unidirectional in diagonal with the X direction 

decreasing between the two edges of the tape. 
- -45° layout with gaps.  

 
 
 
 
 
 

90° 
0° 
90° 
0° 

Figure 16: Sketch of preform with 0/90/0/90 configuration with gaps 
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In the following tests, the preforms are from 2 layers and up to 16 layers. To ensure a good 
manufacture, it was decided to split the “construction” of the 16 layouts preforms in several 
sub-preforms of 2 preforms of 8 layers. In case of failure, this process allows a reduced amount 
of waste. 

The table below are all the configurations draped during the project:  

Table 6: Preforms configurations for the draping tests 

Code Configuration Specimen 
Amount  

Layer 
amount 

Preform 
Weight (g) Dimensions (mm) 

A1 0/90 no gaps 7 2 193,2 

550 x 530 

A2 90/0 no gaps 7 2 193,2 
A3 0/90 2mm gaps 7 2 193,2 
A4 90/0 2mm gaps 7 2 193,2 
B1 (-)45/(+)45 no gaps 7 2 193,2 
B2 (-)45/(+)45 2mm gaps 7 2 193,2 
C1 0/90/90/0 2mm gaps 1 4 55,2 
C2 0/-45/+45/0 2mm gaps 1 4 55,2 
C3 (0/-45/+45)s 2mm gaps 1 6 82,8 
C4 (90/-45/+45)s 2mm gaps 1 6 82,8 
C5 (0/90/-45/+45)s 2 mm gaps 3 8 331,2 
C6 0/90/0 2mm gaps 10 3 414 
C7 90/0/90 2mm gaps 10 3 414 
D1 (0 / 90)s 10 4 380 

380 x 215 
D2 (-45 / + 45)s 10 4 380 
D3 (0 / -45 / +45)s 10 6 570 
D4 (0 / 90 / -45 / +45)s 10 8 760 
 
The areal weight the used fixed tow is 80 g/m2. For the configurations A to C, one layer weight 
13.8g. For the configuration D, one layer weight 9.5g. The total amount of carbon fibre used 
for the draping tests is 4.6 kg. 

 

 

Figure 17: Carbon fibres textile in two different configurations - 0/90 on the left and -45/+45 on the right 

Y 

X 
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C. Draping method 
 

1. Parameters test plan 
Since the Test Rig of the IFB department has not been tested before with Dry fibre placement 
before, some pre-tests were needed in order to find the right parameters for the draping of 
this material. 

To find the right draping parameters, only one preform configuration was used in order to 
compare the different parameters with one another. Here below are the parameters that 
won’t change during these tests. 

 

Table 7: Non-Variable parameters for the pre-tests 

Non variable parameters 
NV1 Layers layout 2 layouts in "chess paton" 
NV2 Binder percentage 8% 
NV3 Fibre's orientation 0° - 90° 
NV4 Table position 389mm 

 

Then, it was selected 6 different parameters with different values for each that could be tried 
out on the test rig. 

 

Table 8: Variable parameters for the pre-tests 

Variable parameters 
V1 

Preform orientation 

Upward 
V2 Downward 

V3 
2 facing each other 
(binder facing each 

other) 
V4 

Forming Temperature 
80°C 

V5 90°C 
V6 

Curing Temperature 
100°C 

V7 110°C 
V8 120°C 
V9 Local pre-curing of the binder 

V10 
Cooling time after curing 

0 min 

V11 Wait till it cools down 
to 85°C 

V12 
Blank holders force 

(homogenous in all holders) 

7 N 
V13 15 N 
V14 30 N 
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With all these parameters, a test plan was made. The first test’s parameters were chosen from 
basic knowledge from engineers at the IFB. With their experience with carbon fibre, they 
guessed what could be the best way to drape the material. Then the first test would serve as 
a reference to compare the other parameters. 

Only the “V9” was not tested. It was decided that the other parameters were much more 
important compared to the local precuring of the binder to help the stiffness of the preform 
on a local area.  

 

Table 9: Test plan of the different draping parameters 

Test NV parameters V parameters 
1 NV1 + NV2 + NV3 V1 + V4 + V8 + V11 + V13 
2 NV1 + NV2 + NV3 V1 + V4 + V6 + V11 + V13 
3 NV1 + NV2 + NV3 V1 + V4 + V6 + V10 + V13 
4 NV1 + NV2 + NV3 V1 + V5 + V6 + V11 + V13 
5 NV1 + NV2 + NV3 V1 + V5 + V7 + V11 + V13 
6 NV1 + NV2 + NV3 V1 + V4 + V7 + V11 + V13 

7 NV1 + NV2 + NV3 V2 + V4 + V7 + V11 + V13 

8 NV1 + NV2 + NV3 V1 + V4 + V7 + V11 + V12 

9 NV1 + NV2 + NV3 V1 + V4 + V7 + V11 + V14 

10 NV1 + NV2 + NV3 V3 + V4 + V7 + V11 + V12 

11 NV1 + NV2 + NV3 V1 + V4 + V7 + V11 + V12 

 

 

2. Tests 
 
In Table 10, all tests are shown with the observations made and compared with reference 
(test 1). With the observations, the pictures of each double domes are attached so the 
variation of the defects of each preform is visible. 

By the end of the tests, it was decided to make one last tests with the best parameters in order 
to create a new reference for the future tests of this thesis. 
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Table 10: Draping tests parameters observations 

Test Comments Pictures 

1 Sticky to the mould - solid - cured 
(reference) 

  

2 Sticky to the mould - solid (more than test 1) - 
cured 

  

3 Very sticky with the mould - soft/deformable - 
not cured 

  

4 Sticky to the mould - solid (such as first test) - not 
very cured 
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5 Sticky to the mould + solid (such as first test) - 
not very cured 

  

6 Sticky to the mould + solid (such as first test) - 
cured 

  

7 Sticky to the upper mould (reversing the dome 
when lifting up) - soft/deformable - not cured 

  

8 Sticky to the mould - solid - cured - defects less 
important than first test (reference) 

  

9 Sticky to the mould - solid - cured - defects more 
important than first test (reference) 
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10 Not sticky to the mould - very solid - cured - 
some defects appeared due to non-binder on top 

  

11 sticky to the mould - solid - cured - best 
reference (not including double layer) 

  
 
 
It was also compared a test with and without the fans after curing the double dome in order 
to cool down the preform. As a result, there is no difference with or without the fans on, 
except the time that it takes to cool down the preform. 

It was measured the times it takes to cool down the preform. It takes approximately 3 minutes 
without the fans on to cool it down of 5°C. Theoretically, it would take 20 to 30 minutes to 
cool down the preform without the fans. Whereas it takes approximately 10 minutes with the 
fans on. 

For the next steps, the fans were used in order to cool down the preform after the curing step 
of the draping. 

 
Table 11: time to cool down the preform with the fans 

Time to cool down after curing from 120°C Comments 
120°C 0'00 min   
115°C 2'56 min starting fans 
110°C 3'55 min   
105°C 4'20 min   
100°C 4'40 min   
95°C 6'02 min   
90°C 8'11 min   
85°C 10'23 min stopping fans 
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3. Results 
 
From all the tests, the parameters chosen for the next steps of the projects were the ones that 
improve the double dome shape. Here below are the results of these tests. In red, are the 
parameters that do not work for the draping of this material. It creates to many defects or do 
not participate to create a perfect shape of a double dome preform. In orange, are the 
parameters that work for the carbon fibre tapes material but not as much as the ones in green. 

The green variables are one that will be chosen for the next steps of the project. 

 

Table 12: Results for the draping tests parameters 

Variable parameters 
V1 

Preform orientation 

Upward 
V2 Downward 

V3 
2 facing each other 
(binder facing each 

other) 
V4 

Forming Temperature 
80°C 

V5 90°C 
V6 

Curing Temperature 
100°C 

V7 110°C 
V8 120°C 
V9 Local pre-curing of the binder 

V10 
Cooling time after curing 

0 min 

V11 Wait till it cools down 
to 85°C 

V12 
Blank holders force 

(homogenous in all holders) 

7 N 
V13 15 N 
V14 30 N 

 

For the curing temperature, it was decided to use the 110°C temperature, since there are no 
differences between the 110°C and the 120°C. But it is less degrees to cool down the preform 
with the fans, therefore it is time earned for the tests. 
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IV- Trials 
 
In this chapter, it will be described how the trials were made and the decision that have been 
definite during the project in order to improve the double dome shape in some preform 
configuration. 

A. 1st trials 
 
The first trials have two main objectives: 

- Testing basic preform configuration (0°/90° and -45°/+45°) to analyse how it reacts  
- To know if the tests are repeatable so it can be compared with one another 

Then for the basic configurations (A1, A2, A3, A4, B1 and B2), it was decided to repeat the 
same test with the same preforms 3 times. The goal is to analyse if in each configuration, we 
have the same results: tape movements, defects and shape of the double dome. 

Afterward, if the results shows that the tests are repeatable, a first analyse could be done on 
these first tests in order to see the positive facts and what is to improve in the next trials. 

Finally, in the final tests of this first trials, are draped two basic preforms superposed. This has 
the purpose to study how two preforms react together. These tests will help for building the 
exposure model in the future steps of the project. 

Table 13 lists all the preforms tested with their configuration during this first trials. 

 

Table 13: First trials preform configuration 

Test N° Preform code Configuration 
1 A1 0/90 no gaps 
2 A1 0/90 no gaps 
3 A1 0/90 no gaps 
4 A2 90/0 no gaps 
5 A2 90/0 no gaps 
6 A2 90/0 no gaps 
7 A3 0/90 2mm gaps 
8 A3 0/90 2mm gaps 
9 A3 0/90 2mm gaps 

10 A4 90/0 2mm gaps 
11 A4 90/0 2mm gaps 
12 A4 90/0 2mm gaps 
13 B1 (-)45/(+)45 no gaps 
14 B1 (-)45/(+)45 no gaps 
15 B1 (-)45/(+)45 no gaps 
16 B2 (-)45/(+)45 2mm gaps 
17 B2 (-)45/(+)45 2mm gaps 
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18 B2 (-)45/(+)45 2mm gaps 
19 B1.1 2 times B1 same orientation 
20 B1.2 2 times B1 binder facing each other 
21 B2.1 2 times B2 same orientation 
22 B2.2 2 times B2 binder facing each other 
23 A1.1 2 times A1 same orientation 
24 A1.2 2 times A1 binder facing each other 
25 A2.1 2 times A2 same orientation 
26 A2.2 2 times A2 binder facing each other 
27 A3.1 2 times A3 same orientation 
28 A3.2 2 times A3 binder facing each other 
29 A4.1 2 times A4 same orientation 
30 A4.2 2 times A4 binder facing each other 

 
 
 

B. 2nd trials 
 
In the second trials, the goal is to drape more complex preforms based on the results of the 
previous trials. It was decided to make the preforms with a two-millimetre gap as in the fields 
where this material is used, in the 90% of the cases, a tolerance is applied.  

The tests 7 and 8 were also made in order to try a different combination of the blank holders 
to see if that changes the aspect of the double dome on a different preform configuration. 

 

Table 14: Second trials preform configuration 

Test N° Preform code Configuration 
1 C1 0/90/90/0 2mm gaps 
2 C2 0/-45/+45/0 2mm gaps 
3 C3 (0/-45/+45)s 2mm gaps 
4 C4 (90/-45/+45)s 2mm gaps 
5 C5 (0/90/-45/+45)s 2 mm gaps 
6 C5.1 (0/90/-45/+45)s 2 mm gaps 
7 C6.1 0/90/0 2mm gaps 
8 C6.2 0/90/0 2mm gaps 
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C. 3rd trials 
 
In the third trials a new configuration of preforms was tested. The Dry placement preform was 
smaller (380mm x 215mm) and sewed on a glass fibre textile with the double dome 
dimensions (550mm x 530mm) with the help of the TFP machine. A plain weave from (Hexcel, 
HexForce 02116 1260 TF970, 105 g/m²) has been chosen. It is expected in this new 
configuration that the defects analysed in the previous test on the double dome, are absorbed 
by the glass fibre, weave a material which is much has good shearing characteristics because 
of its interlocked character and within that a good draping behaviour compared to the carbon 
fibre tape. 

 
 
 
 
 
 
 
 
 
 
 
 
The tests 1 to 8 were draped with a total sewing of the contour of the preform with the glass 
fibre textile. During these tests, it was compared which configuration of blank holders is better 
to use this new preform structure. 

The tests 9 to 12 were draped with a partial sewing of the glass fibre textile with the carbon 
fibre preform. It is expected with this arrangement to allow the carbon fibre preform to have 
more liberty degrees. The aim is to eliminate or avoid any defects. 

Table 15: Third trials preform configuration 

Test N° Preform code Configuration 
1 D1.1 (0 / 90)s + homogenous blank holders 
2 D2.1 (-45 / + 45)s + homogenous blank holders 
3 D3.1 (0 / -45 / +45)s + homogenous blank holders 
4 D4.1 (0 / 90 / -45 / +45)s + homogenous blank holders 
5 D1.2 (0 / 90)s + Corners blank holders (25N) 
6 D2.2 (-45 / + 45)s + Corners blank holders (25N) 
7 D3.2 (0 / -45 / +45)s + Corners blank holders (25N) 
8 D4.2 (0 / 90 / -45 / +45)s + Corners blank holders (25N) 
9 D1.3 (0 / 90)s + Corners blank holders (25N) 

10 D2.3 (-45 / + 45)s + Corners blank holders (25N) 
11 D3.3 (0 / -45 / +45)s + Corners blank holders (25N) 
12 D4.3 (0 / 90 / -45 / +45)s + Corners blank holders (25N) 

Figure 18: TFP machine sewing the glass fibre and carbon fibre preform 
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V- Draping results 
 

A. 1st trials 
 
In these trials, two main points were analysed. First, the repeatability of the tests is evaluated. 
For this study, two configurations will be analysed: the preform codes A1 and B1. 

Figure 19 shows the three different draping results of the A1 carbon fibre preforms. What it 
can be analysed is that the results look very similar: 

- The double dome shape is well formed 
- No defects are located on the double dome 
- The defects are all located in the corners of the preform (red circles in figure 20)  
- The movement of the tapes are all, in the tree tests, in the same direction (blue lines 

and blue arrows in figure 20) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 19: A1 draped preform 

Figure 20: Defects location and tape movements on A1 draped preform 
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Figure 21 shows the three different draping of the B1 carbon fibre preforms. Like the A1 
preforms, the results look very similar: 

- The double dome shape is well formed 
- Defects are located on the double dome: shredding tapes and holes between the tapes 

appeared (green circle in figure 22) 
- The defects are all located in between the corners in the contrary of the 0/90 

configuration (red circles in figure 22)  

The movement of the tapes are all, in the three tests, in the same direction (blue lines and 
blue arrows in figure 22). However, the forces applied on this preform is not symmetrical with 
the centre of the double dome. Therefore, the movement of tapes is not uniform. On the left 
side of the figure 22, the tapes tend to get closer one another. This creates the waves on the 
left of the picture. In the contrary, on the right side of figure 22, the tapes tend to move away 
one another. This creates holes between the tapes on the double dome. That kind of defects 
should be avoided in this draping tests. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 21: B1 draped preforms 

Figure 22: Defects location and tape movements on B1 draped preform 
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With the analyse of these two draped configurations (0/90 and -45/+45), the results show that 
the draping tests are repeatable. This means that the tests can be compared with one another 
with the following tests of the project. 

 

B. 2nd trials 
 
The second trials had one main goal: to combine the different combinations previously tested 
in the first trials. Therefore, six different preform layout were designed. 

The first preform was made with four layouts in a symmetric arrangement from the middle of 
the preform. The preform has the 0° layout on the outside of the preform and 2 layouts of 90° 
inside.  

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 23 shows that the C1 test is very similar to the A1 draped preform. The movements of 
the tapes and the forces applied to the preform are in the same direction. The defects are also 
located in the same locations, in the corners of the preform. The main difference between the 
two tests is the stiffness of the double dome. Due to this symmetrical layout, the C1 preform 
is much more rigid the A1 preform. 

What can be also observed on this preform are the wide gaps between the tapes. These are 
due to a malfunction of the preforms when it was layed up as shown in figure 24. It was 
decided to drape this preform despite its bad shape. The result of those big gaps is that it’s 
created much more flaws in the forming of the double dome. The zoom on the C1 preform 
shows the tapes underneath the first layout are all twisted. However, if the first layout is 
detached from the one underneath it, the defects are no longer presents (figure 26). 

Figure 23: Defects location and tape movements on C1 draped preform 
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2mm gap 

10mm gap 
Figure 24: C1 preform before draping 

Figure 25: Zoom on defects created when the gap is too wide 

No defects underneath the tape 

Defects due to the 10mm gap 

Figure 26: Defects due to major gap 
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To collate the results, it was decided to compare the C1 preform with a symmetrical layout 
with a non-symmetrical layout (0/90/0). Figure 27 shows the tape movements and the defects 
location on the non-symmetrical layout preform. The results are basically the same as the 
symmetrical layout, even the defects due to the major gaps between the tapes. The difference 
is located in the stiffness of the double dome. The non-symmetrical layout is very fragile, and 
the double dome feels like it could collapse with a small pressure. Whereas the symmetrical 
layout double dome is very rigid and can be manipulated easily. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The next tests are with the preforms C2 to C5. The goal of these tests is to include the -45/+45 
layout into the 0/90 layout. The latest is already working well with the double dome shape. 
For some shapes in the future, the -45/+45 could be needed to support a diagonal workload 
on a piece. Therefore, it is necessary to mix these different combinations. As it was said 
previously, the preforms ordered had major problems with the gap’s width. The preforms 
arrived with 15 millimetres gap between the tapes for some preforms. The results, shown in 
figure 28, cannot be analysed due to too many defects. 

 

 

 

 

Figure 27: Defects location and tape movements on C6 draped preform 
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C. 3rd trials 
 
These last trials were made in order to improve the previous combinations draped during the 
second trials. A different approach was made for these trials. The main objectives are to have 
a double dome without any defects and to reduce cut-off from the carbon preform. Therefore, 
it was decided to remove the contour of the preform and replace it by a glass fibre textile 
which is sewed to the carbon fibre preform. It is expected, with this new format of textile, that 
the defects are absorbed by the glass fibre textile to have a double dome without any flaws. 

The tests 1 to 8 were draped with a total sewing of the contour of the preform with the glass 
fibre textile. Here below are the results and the comparison of each configuration with 
homogenous blank holders and corners blank holders (A1, B2, B3, B7, C1, D2, D3 and D7 on 
Figure 13). The defects are circled in red in the following figures. 

 

 

 

 

 

 

 

 

Figure 28: Left to right and top to bottom: C2, C3, C4 and C5 draped double dome 

Figure 29: Blank holders’ configuration - 0/90 defects comparison 
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Figure 29 shows the comparison of the [0/90]s configuration with homogenous blank holders 
on the left and corner blank holders on the right. For this type of layout, the results illustrate 
that a homogenous blank holder is better way to go. As a matter of fact, the latest has a well-
formed double dome with the defects absorbed by the glass fibre. Whereas the corner blank 
holders have folds on the base of the double dome. 

 

 

 

 

 

 

 

 

 

Figure 30 shows the comparison of the [-45/+45]s configuration with homogenous blank 
holders on the left and corner blank holders on the right. For this layout, the results 
demonstrate the contrary of the 0/90 layout. Indeed, even if it still has some folds at the base 
of the double dome, the corner blank holders’ configuration has less defects than the 
homogenous one. 

 

 

 

 

 

 

 

 

Figure 31 shows the comparison of the [0/-45/+45]s configuration with homogenous blank 
holders on the left and corner blank holders on the right. 

 

 

 

Figure 30: Blank holders' configuration - -45/+45 comparison 

Figure 31: Blank holders' configuration - 0/-45/+45 comparison 
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Figure 32 shows the comparison of the [0/90/-45/+45]s configuration with homogenous blank 
holders on the left and corner blank holders on the right. Both previous configurations have 
too many flaws to be compared with one another. Also, the defects created appear randomly 
around the double dome so this cannot be analysed properly. 

From these results, it was decided to improve the sewing methods between the glass fibre 
textile and the carbon fibre preform. It was analysed that in most of the time, the folds 
appeared on the base of the curved part of the double dome. This means that the two 
materials do not have enough liberty degrees. Therefore, a new sewing program was defined 
as shown in figure 33 (blue lines represent the sewing position). Only the straight part and the 
extremity of the double dome are sewed. The other spaces are set free in order to give more 
movements possibility to both materials. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 32: Blank holders' configuration - 0/90/-45/+45 comparison 

Figure 33: Second sewing configuration 



Corentin Fouassier                                  Master Thesis                                                February 2021 

IFB and Icam 43 

Figure 34 shows the results of this second sewing configuration with the corners blank holders. 
Circled in red are the defects that remained on the double dome. Circled in green are the 
defects absorbed by the glass fibre textile. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

These results demonstrate a big improvement. The 0/90 and -45/+45 layouts are now 
“drapable“ without any defects, which is an accomplishment for this project.  

 

 

 

 

 

 

 

 

 

 

Figure 34: Second sewing defects locations 



Corentin Fouassier                                  Master Thesis                                                February 2021 

IFB and Icam 44 

VI- Draping discussion 
 

A. Discussion about 0/90 layout configuration 
 
In the first trials, the 0/90 configuration shows that it can be draped without flaws on the 
double dome geometry. In this configuration, the movement of the tapes are symmetrical 
with the centre of the double dome. The tape placement in the forming of the double dome 
is uniform. The double dome is in a perfect shaped, whereas the defects are pushed in the 
corners of the preforms and not on the double dome. 

Then, the second trials compared a symmetrical layout with a non-symmetrical layout. While 
the defects were not that different from one another, the difference was in the stiffness of 
the preform. The double dome preform with a symmetrical layout is more rigid than the non-
symmetrical layout preform. This configuration would play in the final form of a CFRP part 
with the dry fibre placement. Moreover, the second trials showed that the wider the gap is 
between to tapes before draping the preform, the more defects it will have. Therefore, it was 
concluded of this experience that the tolerance of the gap should not exceed 5 millimetres. 

After, the third trial brought a different approach in order to have a double dome without any 
defects with this configuration. The dry fibre placement is sewed to a glass fibre textile. In 
these trials, two different combination of blank holders was also tested (homogenous and 
corners blank holders). From these four tests, one thing can be observed. The 0° layout on the 
outside of the preform (C2, C3 and C5) features less defects than the 90° layout on the outside 
preform (C4). Also, the tape movements follow better the double dome geometry with the 0° 
layout on the outside of the preform. To that, it was decided for the future tests to always use 
the 0° layout on top, as it would give better results. 

To resume the results of these trials, a 0/90 layout preform with dry fibre placement should 
be draped following these advices: 

- The 0° layout is the one that follows the X direction of the part, 
- The 0° layout must be on the outside of the preform and the 90° layout on the inside, 
- The dry fibre placement preform can be sewed to a glass fibre textile to avoid defects 

and cut-off on the carbon fibres, 
- A homogenous blank holder configuration must be used with a light pressure: between 

5N and 10N, 
- The tolerance of the gap between two tapes on the dry fibre placement preform 

should not exceed 5 millimetres. 
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B. Discussion about -45/+45 layout configuration 
 
The first trials show that it is more difficult to drape the -45/+45 layout than the 0/90 one. The 
tape movement on the first illustrate that the forces applied on the preform during the 
forming of the double dome is not symmetric with the centre of the double dome. Therefore, 
the tape movements are ununiform and create a lot of tape shredding on the double dome. 

In the third trials, the -45/+45 layout preform was sewed to a glass fibre textile. In comparison 
with the results found on the first trials, the number of defects has decreased. Some folds 
appeared on the base of the double dome geometry. Other than that, there were no carbon 
fibre cut-off. Moreover, in the contrary of the 0/90 layout, the draping shows less defects with 
the corners blank holders’ configuration than the homogenous one. 

To improve even more this layout, a new sewing pattern was created (figure 33). This new 
configuration brought a major improvement for the -45/+45 layout as the draped preform 
does not have any more flaws. 

To resume the results of these trials, a -45/+45 layout preform with dry fibre placement should 
be draped following these advices: 

- The dry fibre placement must be sewed to a glass fibre textile to avoid defects and cut-
off on the carbon fibres, 

- The sewing must be done in order to give enough liberty movements to the carbon 
fibre preform, 

- The corners blank holders must be used with a force between 20N and 30N, 
- The tolerance of the gap between two tapes on the dry fibre placement preform 

should not exceed 5 millimetres. 

 
C. Discussion about mixing 0/90 layout and -45/+45 layout configurations 

 
Mixing these two configurations is necessary to create parts with different workload 
directions. In the second trials, it was tested to superpose the different layouts in order to 
analyse the outcome when draping it. As a result, the drape preforms with the mixing of the 
two configurations could not be interpreted due to too many defects on the preform and the 
double dome geometry. 

In the third trials, the mixing of the two configurations were draped with the glass fibre textile 
in both sewing pattern. However, one thing in common with all these tests is that all the 
defects were moved to the base of the double dome shape. This configuration of glass fibre 
textiles with the carbon fibre preforms provided a better forming of the double dome 
geometry in the most difficult carbon tape layouts. 
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VII- CFRP exposure model 
 
The objective of the CFRP exposure model is to build a complex 3D shaped CFRP part to show 
the material performance and serve as an exposure model. For this chapter, the IFB institute 
has in its possession a tricycle designed by the company XYZ Cargo (Figure 35). The XYZ Cargo’s 
products use a completely new way of building functional cycles with a focus on local 
production in a socially just and environmentally sustainable way. The XYZ CARGOs are based 
on an Open-Source construction system called XYZ SPACEFRAME VEHICLES. XYZ CARGOs 
combine bolted, modular and simple orthogonal construction methods with the use of 
advanced 3d design tools. They are easy to customize and to rebuild. It encourages DIY 
ingenuity and participation instead of rigid predefined solutions.  

From that, it was decided to redesign the seats of this tricycle with CFRP material. The original 
seats are made out of aluminium and mounted in the same way as in figure 35. The front seat 
with all it’s fixation weights about 2 kilogrammes. 

The goal is to replace the seats with one made of a thin layer of glass fibre, that will serve as 
a base for the seat, and reinforced by dry fibres placements. A seat mould from a previous 
project will be used for this task because it would take too much time to design a new one and 
to build it within the 6 months of the thesis. The price of a new mould would not be affordable 
for this kind of assignment. 

For this project, three models of seats were made in order to build the perfect seat adapted 
to this bike. 

The process details of the infusion process of these seats are in the section A and B of the 
appendix. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 35: XYZ Cargo's TWOSEATER 
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A. First seat prototype 
 
This first seat was made only from a thin layer of glass fibre. The objective is to know what the 
flaws of this seat are, in order to reinforce it with carbon fibre tapes. 

To begin with, the dimensions of the glass fibre is needed to have the size of the seat wanted. 
For that, we draped a piece of glass fibre around the mould in the shape needed and draw a 
red line on the piece to have the dimensions (Figure 36). 

 

 

 
 
 
 
 
 
 
 
 
 
 
When the dimensions are founded, the infusion process of the first seat can be done. It takes 
around 10 minutes for the resin to go through the glass fibre and approximately 24 hours with 
good temperature conditions to dry up. 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 37 shows the result of the infusion process of the first seat. As expected, this first 
prototype lacks stiffness and cannot support any weight on it. 

 

Figure 36: Dimensions of the glass fibre part (860mm x 550mm) 

Figure 37: First seat result 
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B. Second seat prototype 
 
For the second prototype of the seat, dry fibre placement is added to reinforce the base 
material so it can support the weight of an adult sitting on it. 

The first prototype of the seat was used in order to find out the best layout of the dry fibre 
placement. With the help of a carbon fibre tape, the pattern was drawn on the first prototype 
to visualise the dry fibre placement layout in order make the second prototype stiffer. 

 

 

 

 

 

 

 

 

 

 

From this drawing, the dry fibre placement layout was separated into 5 preforms that can be 
printed by the cross layer. Two preforms were layed by hand because they were too long to 
be made with the cross layer. The preforms are all made of 5 layouts of carbon tape. 

 

 

 

 

 

 

These preforms are then placed by hand on the glass fibre base with the help of an iron to 
help the preforms to stick to the glass fibre (Figure 40). Figure 41 shows the final preform 
layout of the second seat prototype. Once this step done, the infusion process can start. The 
same process as the first seat prototype was used. 

 

 

 

Figure 38: Dry fibre placement drew on the first prototype 

Figure 39: Dry fibre placement preforms for the second seat prototype 
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The left picture on figure 42 shows the result of the infusion process of the second seat 
prototype. To make it look like a proper seat, the glass fibre part on the edges were cut off 
and filed as shown in the right picture of figure 42. 

 

 

 

 

 

 

 

 

The second prototype showed defects on the intersection of the dry fibre placement as 
observed on figure 43. The white stains that can be seen are the resin flow that did not 
impregnate this part of the seat. This is due to a fast resin flow and also the temperature of 
the material that was not high enough. 

 

 

 

 

 

 

 

 

 

 

Figure 40: Preforms being placed on the glass fibre Figure 41: Final preform layout for the second seat prototype 

Figure 42: Second seat prototype result 

Figure 43: Defects on the second seat prototype 
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The last part of the second seat prototype was to test if the seat is stiff enough to use it. To 
do that, a support made of aluminium bars was made. From this support, the seat could be 
hanged up like a swing. This is the position were the most stress could be applied on the seat. 
As a result, the seat can support the weight of a man of about 75 kilogrammes standing on it 
(figure 44). It also resisted on little jumps on it like it would be in a real-life experience if it was 
mounted on the tricycle. 

 

 

 

 

 

 

 

 

 

C. Third seat prototype 
 
The main objective of this third and last seat prototype is to improve the second prototype in 
order to mount the seat on the tricycle and use it as the exposure model. To develop a better 
seat, new dry fibre placement patches were designed (figure 45). These new patches were 
created to avoid too much superposition of the carbon fibre so the resin flow can penetrate 
easier the carbon fibre. 

 

 

 

 

 

 

 

Another progress made for this third prototype was to cut off holes in the flow media where 
the thickness of the dry fibre placement is the highest (figure 46). From that, it is expected 
that the resin flow goes slower into these areas to impregnate better the carbon fibre and 
avoid the white stains existent in the second prototype. Then, the third seat can be prepared 
for the infusion process. 

 

Figure 44: Second seat prototype tests 

Figure 45: New dry fibre placements patches 
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The result of the infusion process of the third prototype can be seen on figure 47. With the 
changes made for the infusion process, the defects previously seen on the second seat 
prototype no longer exist on the third prototype. Moreover, even with the changes made for 
the infusion process the third prototype remains as stiff as the second one. 

 

 

 

 

 

 

 

 

 

 

The last part of this project was to mount the seat on the tricycle. On figure 48, on the left 
picture, the seat was pre-tested to analyse the best way to mount it to the bike. It was 
evaluated that in this configuration, the seat would block the legs to pedal. To avoid this 
problem, the sides of the seat were cut-off, to allow a better movement for the legs to pedal, 
as seen on the right picture of figure 48. 

 

 

 

 

Figure 46: Flow media improvement 

Figure 47: Third seat prototype result 
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D. Discussion of the CFRP exposure model 
 
The CFRP exposure model mounted on the tricycle weights now 0.5 kilogramme and about 
1 kilogramme with the fixations. With this material, the weight decreased by 5 kilogrammes. 
However, one thing has to be taken in regard for the weight is that the CFRP seat is not 
complete. A CFRP part will be made with the dry fibre placement to make the back rest of the 
seat. When this part will be done, the weight of the seat and the back rest will be added in 
order to compare the original seat made of aluminium and the CFRP seat made with the dry 
fibre placement. 

One improvement can be made for this prototype is on the dry fibre placement level. The 
patches’ designs were made by hand and separated in multiple pieces. The next step for this 
kind of project is to create a 2D dry fibre placement preform that can be printed with the 
cross-layer. Then, this preform can be draped onto the glass fibre directly before the infusion 
process. However, this solution demands the development of a software to simulate the 
material movements when it goes from a 2D to 3D shape. 

 

 

 

 

 

 

 

Figure 48: CRFP seat mounted on the tricycle 
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VIII- Conclusion 
 
In this study, 109 dry fibre placement preforms were draped to analyse the textile behaviour. 
The 0/90 layout is the easiest configuration to drape with this material. It has the least number 
of defects in average in all the tests performed. 

 

The -45/+45 layout is a more complex configuration than the 0/90 one. However, it has been 
proven in this study that is it is possible to drape this design following special parameters. 
Moreover, for a stiffer preform, a 0° layout should always be added to a -45/+45. 

 

Then, on the most complex preforms, the ones that mix the 0/90 and -45/+45 layouts, some 
flaws remain despite all the configuration tested. However, the number of defects has 
decreased by a lot. The draping configuration with the glass fibre textile shows its advantages 
compared to a full draped carbon fibre preform. It allows in one hand to reduce the number 
of flaws on the double dome geometry but also to avoid any waste of carbon fibre around the 
double dome. 

 

This study showed that some parameters are very important in the outcome of the draping of 
dry fibre placement. First, the gap tolerance between the carbon tapes is very important. The 
wider the gap is, the more defects will appear on the double dome geometry. After, the 
draping test rig’s blank holders’ configuration are important depending on which layout 
configuration is draped. Indeed, a homogenous alignment is preferred when draping a 0/90 
layout. But a corner blank holder arrangement is better when draping a -45/+45 layout. 

 

Finally, the CFRP exposure model showed the possibilities of using dry fibre placement for a 
CFRP part. The main advantages of this material are that it makes it possible to produce 
individual textiles of near net shape preforms with a low aerial weight. This means that is 
reduce the weight of the CFRP part, the cost and the waste because less carbon fibre is used 
compared to other carbon fibre textiles. 
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IX- Outlook 
 
It is now possible to anticipate the result of some dry fibre placement layouts draped. By 
following the different advices in this study, a customer will know the outcome of the draping. 

However, for the more complex layouts (0/90 mixed with -45/+45 layouts), some more 
experimentation needs to be done. To my opinion, a new sewing configuration is needed in 
order to have even more movement liberty and avoid any more flaws. Here below, are some 
figure of new sewing pattern that can be tested in further research. 

 

 

 

 

 

 

 

 

 

 

 

Finally, in order to help a customer to design a CFRP part with dry fibre placement, a simulation 
tool can be developed. This tool would reverse engineered a 3D shaped CFRP part using dry 
fibre placement to create the coordinates of a dry fibre placement preform that can be printed 
by the cross-layer. 

 

 

 

 

 

 

 

 

 

 

Figure 49: Idees of new sewing pattern 
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XI- Appendix 
 

A. Infusion Process Material setup 
 

Pictures/Description Instruction 

 

Clean the mould with Acetone 
 

Let dry the mould 
 

Apply uniformly Wax (Polish wax) with a 
paintbrush on the glass 

 
Let dry the Wax 

 
Rub the glass with a paper towel 

 

 

Weight the different materials 
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Prepare the pots and the vacuum system 
- From the pump to the pot 
- From the pot to the set up 
- From the set up the resin pot 
- From the resin pot to the ambient 

air 

 

Apply 2 rows of tacky Tape around the 
area of the mould 
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Put the raw material(s) on the mould 
with the shape you want it to be 

 

Cut a peel ply (blue textile) of the size of 
the raw material 

 
Cut a Flow support (transparent textile) 

 
The flow media have to be slightly 
smaller than the peel ply. 
 
Cut it in this shape. The lowest part 
allows the transfer of the resin. 

 

  Don’t forget to write the 

dimensions of each layer   
 

 

Place the Ω at the extremity of the flow 
media and fix it with tacky tape.  
 
Don’t forget to seal the extremity of the 
Ω. 
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Place the tube for the resin inlet 
 

 Don’t forget to write the dimensions 

of each tube and Omega   
 

 

Seal the set up with the VAP membrane. 
Press strong on the tape to ensure the 

impermeability. 
 

 
Be careful and ensure not to make any 

fold crease 
 
 

 

Place the vacuum tube with tacky tape 
and place a small piece of thick textile to 
ensure not to suck the vacuum film and 

the VAP membrane 
 

Put tacky tape on the tube to fix it and to 
ensure the sealing with the vacuum film 
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Use the plastic layer to seal completely 
the set up 

 
 Close the tube going to the resin pot and 

start the pump to verify the 
impermeability. 

 
Push stronger on the potential leaks. 

From bottom to top 
 

- Raw Material 
- Peel Ply 
- Mesh (flow media) 
- VAP membrane (Orange textile) 
- Vacuum film (Plastic seal) 

The layers should be the one written on 
the left 

 

Don’t forget to put a resin trap with a pot 
and paper towel in order to avoid putting 

resin in the pump 
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B. Resin preparation 
 

 Calculate the amount of resin  
 

- Dimensions of peelply 
- Dimensions of flow 

support (x2) 
- Weight of the preform 
- Tube dimension 
- Omega dimension 

 
Take a little bit more (10g) 

 

Use RIMH 137 hardener 
 

Use the RIM 135 
 

 
Proportion: 
100% Resin 

30% Hardener 

 Use a little pot to put the 
hardener in the resin 

 
Choose the biggest pot to mix the 

resin 

 

Use the percentage mode on the 
weighing scales. 

MenuàUnitàEnteràUnità 
Enter 

 Mix the resin and the hardener 
with a wood stick. 

 
The mix is ready when there is no 

“line” inside 
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 When the mix is ready, put it in 
the vacuum system in order to 

withdraw the air inside the mix. 
 

Be careful and put paper towel 
under the pot because it can 

overflow. 

 Place the pot in the setup, lean it 
a bit to ensure to vacuum all the 

resin up. 
 Start the pump, set the vacuum to 

50mBar and open slowly the resin 
tube in order to get the air out. 

 
 Open completely the tube 
  

Wait for the complete infiltration 
of the resin, take pictures 

regularly with the temperature 
and the time 

 
Vacuum 50mBar 

 
Wait maximum 2 hours 

 Program the pump for a vacuum 
during approximatively 30h 

 
Take notes of the environment  

- Temperature  
- Humidity 
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C. Datasheets 
 

1. Carbon Tape 

 

M&A Dieterle GmbH • Neuhofstr. 26 • 73113 Ottenbach  • www.ma-dieterle.de • Status: 9/ 2019 

 
 

 
 
 
 
 

UD-fixedTow CF 24k 
Spread and binder-powder fixed CF tape 
 
Material data: 
 
Roving type Carbon fiber (CF) SGL Sigrafil C T24-5.0/270 
Binder type Reactive, epoxy-based Hexion Epikote 06720 
Spreading width 20 mm  
Areal weight CF 80 g/m2  
Binder amount  8 wt. % / 9 g/m2  
Binder preforming  80 - 90 °C  
Binder crosslinking At > 100 °C  
UD fixed tow per spool  450 m  
Spool dimension Ø 230 mm; core: 125 mm  Plastic spool  

 

 

Property Test method Value Unit  
Tensile strength 0° DIN ISO 527-5 2188  GPa 
E-modulus 0° DIN ISO 527-5 129 GPa 
Shear strength  DIN EN ISO 14129 83 MPa 
Shear modulus DIN EN ISO 14129 3,7 GPa 
ILS* DIN EN ISO 14130 61 MPa 

 
Laminates from thin ply sheets were generated to determine mechanical properties: thin ply sheets via 
CROSSLAYER dry fiber placement. Infiltration with Hexion RIM 135 resin + RIM 137 hardener using vacuum 
assisted process (VAP) at 250 mbar and 50 °C. All data were normalized to 60% fiber volume fraction 
 
 

 

 
 
Optical microscopy image: 
Uniform laminate produced from 14 
UD-fixedTow  80 g/m2 thin ply sheets  
and dry fiber placement by CROSSLAYER. 
Stacking sequence 0° /90°.  
  

 

Mechanical Properties of Laminates generated by 
CROSSLAYER DRY FIBER PLACEMENT: 
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2. Raw fibres 

  
   

 

Eigenschaften  Einheiten  Werte 
Anzahl Filamente    24k 
Garnfeinheit trocken  tex (g/1000m)  1600 
Dichte  g/cm³  1,79 
Durchmesser Einzelfilament  µm  6,9 
Zugfestigkeit  GPa  5,0 
Zug-E-Modul  GPa  270 
Bruchdehnung  %  1,9 
Widerstand Einzelfilament  µΩm  14 
Schlichtetyp    Epoxid 
Schlichtegehalt  %  1 

Eigenschaften  Einheiten  Werte 
Gewicht pro Spule  kg  6,0 
Spulenlänge  m  3750 
Abmessungen Spule  mm  290 lang x 180 Außendurchmesser 
Abmessungen Papphülse  mm  290 lang x 76 Innendurchmesser 

Verpackung    
1 Karton auf Einwegpalette 

3 Lagen pro Karton 
25 Spulen pro Lage 

Abmessungen Karton  mm  1100x1100x880 
Nettogewicht pro Karton  kg  450 

Materialdaten 

SIGRAFIL® C T24-5.0/270-E100 
Carbon-Endlosfaser 

Lieferform 

10 2018 
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Technical Data Sheet 
  
Issued: August 2006 
  

EPIKOTE™ Resin MGS™ RIMR 135 and  
EPIKURE™ Curing Agent MGS™ RIMH 134–RIMH 137 
  
CHARACTERISTICS 
  

  
  
APPLICATION 
Very low viscosity laminating resin system with different pot lives for processing of glass, carbon and 
aramide fibers. Due to its good mechanical properties, this system is suitable for the production of 
components featuring high static and dynamic loadability. 
  
The range of pot lives is between approx. 0,5 hour and 3-4 hours. The parts can be worked and demoulded 
after curing at room temperature. Curing at higher temperatures (up to approx. 80-100 °C, 176-212 °F) is 
possible, depending on layer thickness and geometry of the parts to be manufactured. The curing times can 
be reduced to a few minutes by this.  
  
Adding internal parting agents, such as zinc stearate, etc., has proven useful for pultrusion processes. 
Profiles with good surface qualities are obtained. Depending on profile geometry, mould temperatures in 
the range of 180-230 °C (356-446 °F) are possible, thus permitting high drawing speeds.  
  
The mixing viscosity is very low, which is especially advantageous for infusion and injection processes. It 
may be lowered to approx. 150 mPas by heating the resin mass (see diagram). This means that even 
complicated molded parts with long flow paths can be easily infused. The temperature rise with hardener 
RIMH 137 remains very low up to a mold temperature of approx. 30 °C, so that even parts of greater 
thickness can be produced at elevated temperatures.  
  
The infusion resin system does not contain any unreactive components. The raw materials used feature a 

Approval German Lloyd 

Application 
Specially designed for infusion processes (RMT, SCRIMP/VARI); rotor blades for wind 
turbines, boat and shipbuilding, sports equipment  

Operational 
Temperature 

-60 °C up to +50 °C (-76 °F up to 122 °F) without heat treatment 
-60 °C  bis +80 °C (-76 °F up to 176 °F) after heat treatment  

Processing 
At temperatures between 10 °C and 50 °C (50-122 °F) due to the very low mixing 
viscosity especially suited for infusion, injection and pultrusion  

Features 
Very low viscosity, excellent initial curing properties at room temperature, pot life from 
approx. 0,5 hours to approx. 4 hours, short curing times at high temperatures  

Storage Shelf life of 24 months in originally sealed containers  
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very low vapor pressure. This permits processing of the material under vacuum even at elevated 
temperatures (VARIM process). Compatibility problems are not to be expected in combination with UP 
gelcoats, various paints (e.g. PUR-based), etc. However, comprehensive tests are indispensable.  
  
The relevant industrial safety regulations for the handling of epoxy resins and hardeners and our instructions 
for safe processing are to be observed.  
  
The resin and hardeners can be stored for at least 24 months in their carefully sealed original containers. 
The resin and hardeners may crystallise at temperatures below +15 °C (59 °F). The crystallisation is visible 
as a clouding or solidification of the contents of the container. Before processing, the crystallisation must be 
removed by warming up. Slow warming up to approx. 50-60 °C (122-140 °F) in a water bath or oven and 
stirring or shaking will clarify the contents of the container without any loss of quality. Use only completely 
transparent products. Before warming up, open containers slightly to permit equalization of pressure. 
Caution during warm-up! Do not warm up over an open flame! While stirring up, use safety equipment 
(gloves, eyeglasses, respirator). 
  

SPECIFICATIONS  
  

  
  
  

  
  

Measuring conditions: measured at 25 °C / 77 °F 
  
  
  
  
  
  
  

  Infusion Resin RIM 135 

Density   [g/cm³] 1,13 - 1,17 

Viscosity   [mPas] 700 - 1.100 

Epoxy equivalent   [g/equivalent] 166 - 185 

Epoxy value   [equivalent/100g] 0,54 - 0,60 

Refractory index 1,548- 1,552 

Hardener RIMH 134 Hardener RIMH 137 

Density [g/cm³] 0,93 - 1,00 0,93 - 0,98 

Viscosity [mPas] 10 - 80 10 - 50 

Amine Value [mg KOH/g] 550 - 700 400 - 600 

Refractory index 1,4900 - 1,5000 1,460 - 1,463 

EPIKOTE Resin MGS RIMR 135 and EPIKURE Curing Agent MGS RIMH 134–RIMH 137
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PROCESSING DETAILS 
  

  

 Infusion Resin RIMR 135 Hardeners RIMH 134-137 

Average EP - Value 0,56 - 

Average amine equivalent - 52 

EPIKOTE Resin MGS RIMR 135 and EPIKURE Curing Agent MGS RIMH 134–RIMH 137
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MIXING RATIOS 
  

  
  
The specified mixing ratios must be observed as exactly as possible. Adding more or less hardener will not 
effect a faster or slower reaction - but in incomplete curing which cannot be corrected in any way. Resin and 
hardener must be mixed very thoroughly. Mix until no clouding is visible in the mixing container. Pay special 
attention to the walls and the bottom of the mixing container. 
  

TEMPERATURE DEVELOPMENT
  

 
  
The optimum processing temperature is in the range between 20 °C and 25 °C (68-77 °F). Higher 
processing temperatures are possible, but will shorten pot life. A rise in temperature of 10 °C (50 °F) will 
halve the pot life. Water (for example very high humidity or contained in fillers) causes an acceleration of the 
resin/hardener reaction. Different temperatures and humidities during processing have no significant effect 
on the strength of the hardened product.  
  
Do not mix large quantities - particularly of highly reactive systems - at elevated processing temperatures. 
The heat flow from the mixing container is very low, so the contents will heat up fast because of the 
dissipating reaction heat (exothermic resin-hardener reaction). This can result in temperatures of more than 
200 °C (392 °F) in the mixing container, which may cause smoke-intensive burning of the resin mass. 

 Infusion Resin RIMR 135 : Hardener RIMH 134 – RIMH 137 

Parts by weight 100 : 30 ± 2 

Parts by volume 100 : 36 ± 2 

EPIKOTE Resin MGS RIMR 135 and EPIKURE Curing Agent MGS RIMH 134–RIMH 137
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VISCOSITY
  

 

EPIKOTE Resin MGS RIMR 135 and EPIKURE Curing Agent MGS RIMH 134–RIMH 137
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TG DEVELOPMENT
  

 
   

DMA 
  

 

EPIKOTE Resin MGS RIMR 135 and EPIKURE Curing Agent MGS RIMH 134–RIMH 137
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MECHANICAL DATA

  
Advice: Mechanical data are typical for the combination of laminating resin RIMR 135 with hardener RIMH 
137. Data can differ in other applications. 
  

Mechanical Data of Neat Resin 

Density                                                                                         
            

                    
[g/cm³] 

1,18 - 1,20 

Flexural strength  [N/mm²] 90 - 120 

Modulus of elasticity  [kN/mm²] 2,7 - 3,2 

Tensile strength  [N/mm²] 60 - 75 

Compressive strength  [N/mm²] 80 - 90 

Elongation of break  [%] 8 - 16 

Impact strength  [KJ/m²] 70 - 80 

Water absorption at 23 °C 
 

24 h [%] 
7 d [%] 

0,10 - 0,20 
0,20 - 0,50 

Fatigue strength under reversed bending 
stresses acc. to DLR Brunsw. 

 
10% 
90% 

exp. > 1 x 106 

exp. > 2 x 106 

Curing: 24 h at 23° C (74° F) + 15 h at 60° C (140° F), partly cured/full cure 
Typical data according to WL 5.3203 Parts 1 and 2 of the GERMAN AVIATION MATERIALS MANUAL 

EPIKOTE Resin MGS RIMR 135 and EPIKURE Curing Agent MGS RIMH 134–RIMH 137
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Data of Reinforced Resin – Static Tests Standard Climate 
  
  

  
  
  

Reinforced with: GRC 
Glass Fibre 

CRC 
Carbon Fibre 

SRC 
Aramide Fibre 

Flexural strength  [N/mm²] 510 - 560 720 - 770 350 - 380 

Tensile strength  [N/mm²] 460 - 500 510 - 550 400 - 480 

Compressive strength  [N/mm²] 410 - 440 460 - 510 140 - 160 

Interlaminar shear strength  [N/mm²] 42 - 46 47 - 55 29 - 34 

Modulus of elasticity  [kN/mm²] 20 - 24 40 - 45 16 - 19 

GRC samples: 16 layers of glass fabric, 8H satin, 296 g/m² (8.7 oz/sq.yd.), 4 mm (0.16 in) thick 
CRC samples: 8 layers of carbon fabric, plain, 200 g/m² (5.9 oz/sq.yd.) 2 mm (0.08 in) thick 
SRC samples: 15 layers of aramide fabric, 4H satin, 170 g/m² (5.0 oz/sq.yd.) , 4 mm (0.16 in) thick 
  
Fibre content of samples during processing/testing: 40-45 vol% 
Data calculated for fibre content of 43 vol% 
  
Typical data according to WL 5.3203 Parts 1 and 2 of the GERMAN AVIATION MATERIALS MANUAL 
  
Sample Preparation: 
Curing:   24 h at 23 °C (74 °F) 
            +15 h at 80 °C (180 °F) 

EPIKOTE Resin MGS RIMR 135 and EPIKURE Curing Agent MGS RIMH 134–RIMH 137
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® and ™ Licensed trademarks of Hexion Inc. 
 
DISCLAIMER 
 
The information provided herein was believed by Hexion Inc. (“Hexion”) to be accurate at the time of preparation or prepared from sources believed to be 
reliable, but it is the responsibility of the user to investigate and understand other pertinent sources of information, to comply with all laws and procedures 
applicable to the safe handling and use of the product and to determine the suitability of the product for its intended use. All products supplied by Hexion 
are subject to Hexion’s terms and conditions of sale. HEXION MAKES NO WARRANTY, EXPRESS OR IMPLIED, CONCERNING THE PRODUCT OR THE 
MERCHANTABILITY OR FITNESS THEREOF FOR ANY PURPOSE OR CONCERNING THE ACCURACY OF ANY INFORMATION PROVIDED BY HEXION, 
except that the product shall conform to Hexion’s specifications. Nothing contained herein constitutes an offer for the sale of any product. 
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