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ABSTRACT 

The aim of the current project has been to study the basic technologies needed to 
introduce local Point Cutting of fiber weaves (local PC) into composites manufacturing. An 
automated cutting machine is here used to locally increase the drapeability of standard 
weaves, hence easing tool loading and the automation of a production line. The two tested 
softwares cannot simulate draping using precut fiber weaves. Drapeability experiments 
can instead be used to select cutting pattern and cutting area. The used tool concept (one 
piece tool half, several tool parts, bag etc.) will affect the minimum size of the cutting area. 
Several cutting patterns have been tested including the innovative cross pattern, which 
works best. Micro-mechanical analysis and FE simulations show that the cured material 
properties can be predicted. A composite part has been successfully manufactured using 
local PC technology. 
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1. INTRODUCTION 

Flat fiber weaves with continuous fibers give high-
strength composite materials that are used to 
manufacture ships, aircrafts, cars etc. The drapeability 
of these flat fiber weaves, when they are loaded into the 
tool, is however limited since shearing is the main 
possible deformation mechanism. This shear results in 
a local fiber angle change in the weave which is 
furthermore not always considered. Drapeability is 
commonly not a problem for large tools, simple 
geometry tools or products with low demands on quality 
(hence accepting wrinkled fibers etc.). Many 
manufacturers also use complicated procedures to 
manually load the tools one weave at a time and 
sequentially compact the weave using rollers etc to 
enhance the quality. The stiff carbon fibers have poor 
drapeability and the material properties are sensitive to 
fiber angle deviations. A new material concept with 
improved processability regarding the drapeability is 
hence needed, especially for automated manufacture of 
carbon fiber parts for the automotive industry. Several 
new materials and developments have been observed 
in recent years to improve the drapeability of high-
strength materials to meet the demands of high-rate 
production. One type of development is the 
manufacture of stretch broken fibers to increase the 
drapeability [1]. The carbon fibril manufacture can here 
be performed to produce randomly dispersed stretch 
broken fibers at the fibril level, of around 50 mm length. 
This almost perfect distribution of fiber lengths and cuts 
at fibril level, means that the material properties for a 
cured carbon/epoxy laminate is almost not degraded at 
all [1]. The material supplier ACG have in year 2006 
patented a material called DForm [2]. The material is 

used to manufacture products and tools with complex 
geometry. DForm uses a standard carbon fiber prepreg 
that is cut in a cutting machine at distributed positions in 
the whole material. The used cutting pattern is a 
compromise between mechanical properties and 
drapeability. This paper is a Swerea funded project to 
study a potential key technology for future rational 
manufacture, with fiber weaves. 

2. MATERIAL CONCEPT 

The current project aims at developing a material 
concept here called local Point Cutting of fiber weaves 
(local PC). An automated cutting machine is here used 
to locally increase the drapeability of standard weaves. 
The cutting pattern is only applied in the local geometry 
and furthermore only in the relevant parts of the lay-up 
stack. The cutting pattern is symmetric and created 
according to a derived set of rules to give a good 
combination of drapeability and strength. The number of 
used weave types in a production line, the number of 
weaves and weave overlap joints in the composite 
product, are all reduced. It enables cutting patterns that 
cannot be made by manual cutting and is hence an 
advance of the current state-of-the-art. Modern cutting 
machines are very fast and typically not operating at full 
capacity. The value of the fiber weave material is hence 
increased for virtually no cost. Local PC is generic and 
should be possible to apply to many types of material 
including standard fiber weaves, standard prepreg and 
materials with a thermoplastic matrix. Future 
developments might use other cutting equipment (laser, 
etc.) to enable the use of a more sophisticated cutting 
pattern.  



3. DRAPEABILITY SIMULATION 

In order to form a flat sheet material to a three 
dimensional surface the material must shear [3]. The 
amount of shearing and the distribution of shear 
deformation are controlled by the geometry of the 3D 
surface and the way the sheet is formed. The shear 
deformation of the sheet material can be calculated with 
draping simulations. There are two different main 
approaches for drape simulations, a kinematic 
approach based on geometrical mapping onto the 
surface and a mechanical approach based on the finite 
element method. Laminate Tools is a kinematic 
software from Anaglyph Ltd. An example of the 
influence from the chosen tooling concept is in Figure 1. 
The dependency of the compression start point is 
illustrated on a hat shaped geometry. In the yellow 
regions the shear angle is 20 - 40° and in the red 
regions it is above 40°. A start point near one edge (can 
happen for two stiff tool halves) results in a significantly 
higher maximum shear angle compared to a start point 
in the middle (typical for vacuum bag manufacture). 
Laminate Tools was tested but could not include precut 
fiber weaves, so no simulations of local PC could be 
done. 

Max shear angle 48° Max shear angle 75° 

Start point 

 
Figure 1. Compression start point dependency. 

 
NX Laminate Composites is a kinematic Siemens 
software for use as pre- and postprocessor to FE 
software. It was possible to include precut fiber weaves 
into the calculations. These calculations did however 
create numerical problems which could not be resolved 
despite large efforts. The numerical error is visible in 
Figure 2 where the shear deformation occurs along a 
few lines in the cutting area. The expected result is a 
fairly even distribution of shear deformation in the 
cutting area. The two used drapeability simulation 
softwares could hence not perform local PC drapeability 
simulation. It is not clear if software which can do this 
exist. 

 
Figure 2. Cross cuts made directly in the geometry 

of the fiber weave gave poor simulation results. 

4. CUTTING PATTERNS 

SICOMPs modern cutting machine Gerber GTxL is here 
used, see Figure 3. It can work together with a robot to 
manufacture local PC fiber weaves and fiber preforms  
in an automated production line. For this project a 
standard vertically oscillating cutting knife with height = 
200 mm, width = 2 mm, length = 7 mm was selected. It 
hence enables fiber weave cuts with 2·7 mm in 
minimum dimension to be performed. A high-quality 
carbon weave was here selected as the main material, 
Hexcel primetex 12k 200 g/m

2
 with 0°/90° lay-up. This 

weave is considered to be quite difficult to drape 
because of its very tight fibre bundles, its big tows and 
of course the inherent difficulty from being woven as a 
plain weave. 

 

Figure 3. SICOMPs modern GTxL cutting machine  
and ABB robot installed at SICOMP. 

 

The cutting pattern is defined as the detailed cutting 
pattern used. It is achieved by programming the cutting 
machine together with the selected cutting tool. The 
cutting pattern is intended to be standardized to just a 
few types, for fiber weaves with common architecture. 
Cutting area is defined as the surface area of the weave 
with cutting pattern added. The non-dimensional Local 
PC area can be defined as cutting area/total weave 
area. The cutting area for a given pattern and the 
needed drapeability can be defined by using practical 
draping experiments, guidelines or drapeability 
simulations. A micro-mechanical software is planned to 
be developed to optimize the cutting pattern and Local 



PC area, regarding mechanical properties and fiber 
weave drapeability, for various materials, geometries 
and tooling concepts. Several cutting patterns have 
been designed and tested, see Table 1, Table 2, Figure 
4 and Figure 5. Each new cutting pattern was selected 
after experience from the previous drapeability 
experiment, which explains why the tilt angle etc looks 
arbitrarily selected. The goal was to improve the 
drapeability, not allowing continuous fibers in the cutting 
area, while keeping the minimum fiber length as large 
as possible. 

Table 1. Geometrical data for used cutting patterns. 
 

1
Type  

(-) 

2
Angle  

(°) 
Cut Length  
(mm) 

3
Loss  

(%) 
Stacking  
(mm) 

SP Nr 1 45 10 2.4 10 
SP Nr 2 45 20 1.4 20 
SP Nr 3 45 10 0.6 10 
SP Nr 4 45 10 1.8 10 
CP Nr 1 0 10 1.6 50 
CP Nr 2 411.3 10 1.5 50 
CP Nr 3 17 7 0.2 60 
CP Nr 4 17 7 0.4 40 
CP Nr 5 17 7 1.7 20 
1
SP = Single Pattern. CP = Cross Pattern. 

2
Cutting pattern tilt angle relative to the global 0°/90° 

weave angle. 
3
The cutting knife machines away 2.0 mm transverse to 

the cutting direction which creates a loss area. 
4
With un-rotated crosses. 

 
Table 2. Geometrical data for used cutting patterns. 

 

Type  
 
(-) 

Distance  
Cut-Cut           
(mm) 

Distance  
Cross-Cross  
(mm) 

1
Local  

PC area         
(-) 

Fiber  
Length  
(mm) 

SP Nr 1 10 - 1 14-28 
SP Nr 2 15 - 1 28-56 
SP Nr 3 10 - 0.23 

2
14-28 

SP Nr 4 10 - 0.77 
2
14-28 

CP Nr 1 - 50 1 40-∞ 
CP Nr 2 - 50 1 50-200 
CP Nr 3 - 60 1 188-∞ 
CP Nr 4 - 40 1 125-293 
CP Nr 5 - 20 1 21-63 
1
Cutting area/total weave area.

  

2
In cutting area. 

 

  
Figure 4. Single Pattern Nr 1.  

 

 
Figure 5. Cross Pattern Nr 5. 

5. DRAPEABILITY EXPERIMENTS 

CAD and the software of the cutting machine were used 
to define the cutting pattern and cutting area, see 
Figure 6. To compact the weave on the tool, a silicone 
bag was used. Optical inspections through the silicone 
bag with vacuum applied, was found to be the most 
accurate evaluation method. The reason is that the fiber 
weave commonly was distorted when the bag was 
removed, due to adhesion bag to weave. The 
drapeability was studied by varying the cutting pattern 
and cutting area to see how it performed in drapeability 
testing. The cutting area was altered so that it fully or 
partly covered the spherical central part of the tool. 
Figure 7 shows an example of vacuum bag compaction 
with central compaction start point, of a standard uncut 
fiber weave. Four large distortions and wrinkled fiber 
structures can be observed symmetrically distributed 
around the center. The deformation behavior is 
principally similar to the drapeability simulation for this 
case in Figure 1 (left picture). The cutting pattern is 
intended to distribute the fiber weave distortion over a 
larger area, instead of having these concentrated large 
defects typical for standard weaves. 

 
Figure 6. Programming of cutting pattern and 

cutting area. 
 



 

Figure 7. Uncut carbon fibre weave before and after 
vacuum bag draping. 

 
Cross pattern Nr 5 was found to be best for increasing 
the drapeability, during a large series of experiments. 
The likely explanation, for the superior behavior of cross 
patterns to single patterns, is that the fiber weave in a 
circle around the crosses can be regarded to have a 
more or less free local movement, while the distance 
cross to cross adds global freedom of movement. The 
single patterns have much less local free movement 
around each cut but a similar global freedom of 
movement due to the distance between each single cut. 
This assumption, do however need to be controlled in 
later work. In general the experiments showed that a 
cutting pattern with a large number of cuts is needed, to 
obtain the necessary drapeability. To use this 
technology in product manufacturing it was of interest to 
see how it performed when stacked in several layers 
which were compacted in one step, see Figure 8 and 
Figure 9. Four layers of weave was cut, using the cross 
pattern Nr 5. Tests were done both on overlapping 
crosses and with the crosses not positioned on top of 
each other, but still having the same main direction of 
the fibers. To get the fiber layers to keep their shape 
after draping so they could be studied, Airtac adhesive 
was sprayed between layer two and three. The small 
deformations of the weave in Figure 9 are created 
during mold release due to the adhesion to the silicone 
bag. Tests showed that this technology is well suited for 
multilayer stacking and one step compaction of fiber 
weaves, as several layers easily drape even complex 
geometries. The positioning of the weave is easy and 
not needed to be very precise and could easily be 
handled by a robot or other automatic equipment.  

 

 

 
Figure 8. 4 cross cut layers of weave ready for 

draping. Vacuum compaction with a silicone bag. 

 

 
Figure 9. The weave stays in shape after vacuum 

compaction. 

6. MATERIAL PROPERTY PREDICTION 

The introduced cutting pattern will degrade the material 
properties. It is hence of interest to model the two most 
important laminae mechanical properties, tensional 
stiffness and strength [4].  

6.1 Micro-mechanical simulation 

Data from ACG (UK) is used [2]. The composite is 
produced from the prepreg MTM57/34-700 consisting of 
carbon fiber Toray T700S and ACG MTM57 series 
epoxy. Fiber bundles with 12000 filaments (roving 
bundles of 12k type) were used in the fabrics. The 
volume fraction of fibers in the composite was 53.5 %. 
The roving bundle geometry is defined as diameter D 
with a length of L. Analysis show that D = 0.889 mm for 



the ACG material. The properties of the composite (with 
intact bundles) and bundle were calculated by using 
micro-mechanical models for continuous fiber 
composites. The mechanical properties of composite 
with chopped bundles were evaluated by using micro-
mechanical models for short fiber composites. The 
comparison of experimental results and calculated 
values of stiffness and strength for composites with cut 
bundles is presented in Figure 10. It is evident that 
micro-mechanical models capture the dependence of 
strength and stiffness of composites to bundle length 
with rather good accuracy. A deviation regarding 
strength prediction can however be noted in Figure 10. 
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Figure 10. Comparison of measured and calculated 

stiffness and strength of composites with cut 
bundles. 

6.2 FE Simulation 

For the numerical calculations it is assumed that the 
composite have a simplified roving bundle structure, so 
that the model can be represented as shown in Figure 
11. The unidirectional laminae consist of several roving 
bundles that are bonded together by a thin matrix layer. 
A unidirectional yield (UY) equivalent to 1 % tensional 
strain is applied. 

 

 

 

 

 

 

 

Fiber bundle impregnated with resin (properties calculated by ROM)

Matrix 

Cut in the bundle 

Part of the composite used for calculation of stress distribution (Fig. 2)

Clamped: UY = 0  

Y 

x 

 
Figure 11. Simplified model of the composite 

consisting of bundle structure. 
 
The calculated cutting patterns for L/D = 20 are in 
Figure 12, where L = 17.78 mm. One axial stress 
distribution for L/D = 60 is in Figure 13, where L = 53.34 
mm. Cross pattern Nr 5, which show good drapeability 
during testing, has roving bundle lengths 21-63 mm, 
see Table 2. The results in Table 3 show that the 
stiffness of composites with the longer bundles is 
significantly higher, which is in line with results from 
micro-mechanical analysis. It can also be concluded 
that even a small shift of bundle cuts increases the 
stiffness of the composite in comparison with the case 
when the cuts are aligned. It should be noted that 
shifting bundle cuts is more efficient for the shorter 
bundles (L/D = 20). In case of long bundles (L/D = 60) 
the effect of shifting bundles levels out already at the 
rather short shift distance of 1/6 and there is almost no 
difference between shift length of 1/6 and 1/3. Whereas 
in case of short bundles (L/D = 20) there is still 
noticeable difference between shift length of 1/6 and 
1/3. 

                

(a)                 (b)                  (c)                (d)                                  

            
Figure 12. FEM models of composites with different 
cut patterns for L/D = 20: (a) continuous; (b) all 
bundles cut in the same line; (c) cuts of bundles are 
shifted by 1/6 of bundle length; (d) cuts are shifted 
by 1/3 of bundle length. 



 

Figure 13. Axial stress distribution with cuts shifted 
by 1/3 of bundle length (L/D = 60). 

 
Table 3.  Composite stiffness for different aspect 

ratios. 
 

Cut pattern  

(-) 

Stiffness, Ey  

(GPa) 

Relative stiffness 

(-) 

Aspect ratio L/D = 20 L/D = 60 L/D = 20 L/D = 60 

Aligned cuts 66.85 82.94 0.705 0.878 

Shifted cuts 1/6 71.00 86.20 0.751 0.912 

Shifted cuts 1/3 73.03 86.32 0.773 0.913 

 

7. MANUFACTURING TEST 

A full manufacturing test was made using an existing 
tool, which has a series of sharp radius. Four layers of 
precut weave, using the cross pattern Nr 5, were flatly 
stacked together and then placed in the tool. Care was 
taken not to press down the fibers into the radius parts 
of the tool, but to place the fibers as a very simple robot 
would do in a manufacturing stage. The tool was then 
bagged and vacuum was used to compact the fibers to 
the surface by the nylon bag. Araldite 5052 epoxy resin 
was then infused to saturate the fiber bundle. Curing 
was done in room temperature for 24 hours followed by 
a free standing post cure in oven at 60 °C. The part 
looks good and is deemed as impossible to 
manufacture in this simple way without using the local 
PC technique, see Figure 14. 

 
Figure 14. Cutting pattern in the weave at the five 

radiuses of the tool. One radius of the finished part. 

8. CONCLUSIONS 

The behaviour during draping of precut fiber weaves 
have been studied through experiments and 
simulations. The new local PC principle has been 
proven to work and the understanding of fundamental 
mechanisms has increased. It is believed that tailored 
software can be written during further research, to 
predefine optimum cutting patterns and cutting areas for 
drapeability and retained fiber length distribution. FE 
simulations can then give good predictions of the 
achieved material properties in the cutting area. 
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