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Agenda 

Day 1, Monday January 14th  

12:00  Registration and lunch 

13:00  Welcome and sponsors introduction 

13:30  Keynote lecture by Coexpair 

14:00  Coffee break 

14:15  Student sessions 

   Session 1: Gabriele Chiesura, Qingbao Gao, Kees Custers  

   Session 2: Devi Wolthuizen, Martino Marchetti, Frédéric Duboeuf 

   Session 3: John Alan Pascoe, Mohammed Iqbal, Yentl Swolfs 

18:00  Closure 

19:00  Evening Dinner at “Le temps des cerises”, Rue de brasseurs 22, 5000 Namur 

21:00  Announcement of the winners and drinks 

 

Day 2, Tuesday January 15th 

9:00  Welcome, petit dejeuner and coffee at Coexpair 

9:30  Departure to Sonaca 

  Route national 5, 6041 Gosselies (near Charleroi) 

10:00  Company visit at Sonaca 

11:30  Closure 
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Sponsors of the 11th Sampe Benelux Student Meeting 

The student event is sponsored by a number of companies (in alphabetical order): 

 

• Airborne www.airbornecomposites.com 

• ASCO www.asco.be 

• Composite Technology Centre (CTC) www.ctcgroup.nl 

• DTC www.composites.nl 

• Fokker www.fokker.com 

• Huntsman Polyurethanes www.huntsman.com 

• KVE Composites www.kve.nl 

• Ten Cate Advanced Composites www.tencate.com 

• ThermoPlastic composites Research Center (TPRC) www.tprc.nl 

 

The SAMPE Benelux Board thanks the support of these companies. It would not have been possible 

to organize this event without their support. The organization also acknowledges Sonaca for 

arranging a visit to their facilities (www.sonaca.com). 

A very special thanks to Coexpair (www.coexpair.com) for hosting the meeting and the support in 

organizing this event.  

Coexpair is an engineering company that combines a study office and a prototyping shop. From this 

unique combination of expertise we develop and transfer the technologies to the customers. We 

provide all equipment needed to start serial part production. Focused on near net shape composite 

technologies (RTM, SQRTM, IPM) and in partnership with Radius Engineering, leader of these 

technologies, Coexpair ambitions to become a reference to the European aeronautics industry.  

Coexpair is a privately owned company with Radius Engineering as a reference shareholder and 

board member. Investment fund Preface is shareholder and support our development. 

Coexpair was created end of 2006 by a senior aerospace engineer. Operations started in 2007 with a 

team of 3 peoples. The company experiences a quick & succesfull growth. 

Coexpair team gather the experience of 11 highly qualified engineers, technicians and 

administratives. 

  

http://www.airbornecomposites.com/
http://www.asco.be/
http://www.ctcgroup.nl/
http://www.composites.nl/
http://www.fokker.com/
http://www.huntsman.com/
http://www.kve.nl/
http://www.tencate.com/
http://www.tprc.nl/
http://www.sonaca.com/
http://www.coexpair.com/


 

Airborne develops and produces advanced composite products, for a variety of markets 
such as aeronautics, space, oil & gas, semiconductor industry and maritime. It turns 
innovative know-how into industrialized production, through integrated Design and Build 
programs.  It operates in two locations, The Hague in the Netherlands and Girona in Spain.    
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The Airborne Technology Centre is founded to develop the new, differentiating composite 
technologies for future new business for Airborne. It reflects the ambition of Airborne to be 
a technology Leader in composites. 
 
 

 

 

 

Airborne Technology Centre

Research and process development is done on thermoplastics, RTM processes and smart 
structures making use of simulation and automation. 

 

www.airborne.nl 



LUCHTVAART IS ONZE PASSIE. 
DE JOUWE OOK?

ALS JE OOK ZO GEPASSIONEERD BENT ALS ONS, 
BEN JIJ MISSCHIEN WEL DE PERSOON DIE WE ZOEKEN.

Bij Asco Industries, een hoogtechnologisch 

bedrijf in de vliegtuigindustrie, kom je terecht in 

een boeiende omgeving waar kwaliteit zeer hoog 

in het vaandel wordt gedragen en van cruciaal 

belang is. Asco is werkzaam op vier locaties 

(België, Verenigde Staten, Canada en Duitsland) 

en telt meer dan 1300 werknemers.

Wij ontwerpen en produceren

hoge precisie onderdelen voor de 

luchtvaartindustrie. Hiervoor zijn we 

op zoek naar hooggekwalifi ceerde 

ingenieurs en CNC-operatoren. 

In totaal hebben we momenteel 

zo’n 20-tal openstaande vacatures. 

Asco Industries nv/sa • Weiveldlaan 2 • 1930 Zaventem • + 32 2 716 06 11

PRECISION IS OUR PASSION

>> www.asco.be

LAAT ONS WETEN OF JIJ BIJ ONS ZOU WILLEN WERKEN!

Stuur je CV via onze website: www.asco.be/careers. 

Hier heb je ook een zicht op alle openstaande vacatures. 
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 COMPOSITE TECHNOLOGY CENTRE 
 David Ricardostraat 1 
 7559 SH Hengelo 
 The Netherlands 
 w: www.ctcgroup.nl 
 e: info@ctcgroup.nl 
 t: +31 74 7600 100 
 
 
 
 
 
 
 
Composite Technology Centre (CTC) is a consultancy company that operates in the 
field of high-loaded large composite structures, mainly wind turbine rotor blades. 
Founded in 2001, the experience with composite structures of our team of engineers 
dates back to the early 1980’s. 
 
At this moment we have a team of 20 employees, working in the different fields that 
are needed to design an optimal composite product:  

 Design: aerodynamic and structural design using e.g. FEA (FEMAP); 

 Materials: prepregs, fabrics (mainly with glass fibres) and resins, using e.g. our 
100 kN testing machine for mechanical tests; 

 Production processes: mainly Resin Infusion Moulding (RIM), using e.g. our 
infusion set-up in the workshop. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
To achieve cost efficient products now and in the future, we need continuous 
development in all three fields. To make this possible, we work in co-operation with 
material suppliers (like OCV and DOW) and research institutes (like ECN and IMA-
Dresden). 
 
At present most of our customers related to wind energy are situated in China and 
India. In the field of infrastructure and transport (e.g. the award-winning Fiby Tipper), 
co-operations exist with parties in the region. 



Contact
Dutch Thermoplastic Components
Bolderweg 2, 1332 AT  Almere
T: +31 36 2000 123
E: info@composites.nl

http://www.composites.nl

Tough parts for tough structures.

Dutch Thermoplastic Components is a custom moulder of advanced 
thermoplastic composite parts. Our core business is rapid 
manufacturing of tough and lightweight aircraft components. We are a 
certified supplier for the Boeing 787, as well as the Airbus A400M and 
A350, for a total of more than 1000 different parts.

Our research efforts focus on manufacturing of increasingly complex 
thermoplastic composite components and reduction of processing 
costs. This does not only improve the applicability of our parts in the 
aircraft industry, but also increases the potential for entering new 
markets, such as the automotive industry.





 
 
 
 
 
 

 

 

Huntsman is a global manufacturer and marketer of differentiated 
chemicals.  Our operating companies manufacture products for a variety of 
global industries, including chemicals, plastics, automotive, aviation, textiles, 
footwear, paints and coatings, construction, technology, agriculture, health care, 
detergent, personal care, furniture, appliances and packaging.   

Originally known for pioneering innovations in packaging and, later, for rapid and 
integrated growth in petrochemicals, Huntsman has approximately 12,000 
employees and operates from multiple locations worldwide.  The Company had 
2011 revenues of over $11 billion. 

Huntsman Polyurethanes 

Huntsman Polyurethanes is a global leader in MDI-based polyurethanes, serving 
over 3,000 customers in more than 90 countries. We have world scale production 
facilities in the US, the Netherlands and China, and 13 highly capable 
downstream formulation facilities which are located close to our customers, 
worldwide. Huntsman Polyurethanes is active throughout Europe. Its 
international headquarters and global research and technology facilities are 
based at Everberg, near Brussels, Belgium. MDI is manufactured at Rozenburg 
near Rotterdam, Holland. Aniline and nitrobenzene - key ingredients in the 
production of MDI - are made at plants at Wilton, Teesside, England.  
 
Huntsman’s polyurethanes division is involved in various research projects on 
advancing composite materials technology for high volume applications, e.g. for 
the automotive industry. The company recently invested in a composites 
development center at the Everberg site. 



KVE Composites Group 

Composite Structures 

Design, development and manufacturing of composite structures and components is the main 

pursuit of KVE Composites Group. 

Innovation and performance 

Our customers are looking for product innovations and enhanced product performance, and  the use 

of fiber reinforced components makes this possible. The flexible and innovative mindset of KVE 

ensures that solutions are found for virtually every design and manufacturing challenge. 

Markets 

KVE serves all markets where composite structures are bringing advantages. Examples are the 

aerospace industry, medical technology, defense systems and high performance machine 

construction. But also other industries like automotive, sustainable energy and civil engineering are 

finding their way to KVE Composites Group. 

Design and Development 

Extensive knowledge and experience is employed in the design and development of structures, 

technical products and systems using composites. All steps in the product realization process, ranging 

from conceptual design to series manufacturing, are executed by KVE Composites Group, 

whether as advisor or as turnkey project manager.  

Manufacturing 

Manufacturing of composites structures and components is offered from our well equipped facilities 

in The Hague Ypenburg. KVE Composites Group uses the best suited manufacturing process, 

ranging from vacuum infusion, resin transfer moulding, compression moulding to prepreg/autoclaving.  

Aircraft Components MRO 

KVE Composites Repair b.v. offers repair services for composites and metal bonded aircraft 

components from our EASA Part 145 approved composites repair facilities in Maastricht  Airport.  

KVE Induct 

Developed at the KVE labs, the induction welding technology for carbon fiber reinforced 

thermoplastics is now being used for the manufacturing of aircraft components. It is an example of a 

very successful innovation in aerospace assembly technology.   

Research 

Research and Technology Development supports our engineering and manufacturing services, 

keeping KVE Composites Group at the forefront of the composites industry. We also have access 

to a large, international network of information from specialized companies, research organizations 

and universities, enabling us to integrate the right technology for the right problem. 

Employment 

KVE Composites Group is continuously looking forward to meet motivated people to further 

strengthen our team. Please contact us when you are interested to work in a high tech environment.  

 

 

KVE Composites: Winner JEC Innovation Award 2010, Category Aerospace 

(with Gulfstream, Fokker Aerostructures, Ten Cate Advanced Composites) 

 

KVE Composites: Winner Dutch Industrial Supplier Award 2010, category Best Product Supplier 

 





developing 
a world  of 
composites

developing 
a world  of 
composites
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A MICRO-COMPUTER TOMOGRAPHY TECHNIQUE TO STUDY THE 

INTERACTION BETWEEN THE COMPOSITE MATERIAL AND AN 

EMBEDDED OPTICAL FIBER SENSOR  

G. Chiesura1, G. Luyckx1, N. Lammens1, W. Van Paepegem1, J. Degrieck1 

M. Dierick2, L. Van Hoorebeke2 

 
1Ghent University, Department of Material Science and Engineering, 

Technologiepark 903, 9052 Gent-Zwijnaarde, Belgium 
Email: gachiesu.Chiesura@ugent.be web page: http://www.ugent.be/en 

 
2Ghent University, UGCT - Department of Physics and Astronomy, 

Proeftuinstraat 86, 9000 Ghent, Belgium 
 

Keywords: µCT, Optical fiber sensor, Ormocer, Automated fiber placement 
 

ABSTRACT 
 

Over the last decade, there is growing interest in condition monitoring of large composite structures. 
Several industrial applications (e.g. Aerospace, Wind industry, Naval industry, Civil infrastructure) are 
looking for reliable methods, capable of investigating damage evolution during the entire lifetime of 
the structures employed. In the Wind Energy (WE) sector, for example, there is a need to decrease 
the cost of the energy production, and therefore they are searching for ways to optimize the 
Operation and Maintenance (O&M) phase of their wind turbines. Since the WE market is moving 
towards Offshore application, the difficulty and thus the cost of O&M is increasing. 
Among all different sensing techniques, condition monitoring using Optical Fiber Sensors (OFS) 
appear to be the most suited, because of their high accuracy (±1 µε), their immunity to 
electromagnetic interference and their small intrusive character when embedded in composite 
materials [1]. Furthermore, OFS technology has also been proven useful as a monitoring tool during 
composite manufacturing [2]. 
Although their small intrusive character, still questions are raised on the quality of embedding, the 
position of the sensor after production, and the to be maintained accuracy of the embedded sensor 
during the whole life cycle of the composite structure. The present work, therefore, aims to show the 
potential of micro-computer tomography (µCT) to answer these questions. 
High-resolution 3D X-ray micro-tomography is a relatively new technique, which allows investigating 
the internal structure of 
samples without actually 
opening or cutting them. The 
physical parameter, providing 
the information about the 
structure, is the X-ray 
attenuation coefficient µm 
which depends on the local 
composition of the material of 
the sample and on the energy 
of the X-rays. Digital 
radiographs of the sample are 
made from different orientations by rotating the sample along the scan axis from 0 to 360 degrees 
[3]. After collecting all the projection data, the reconstruction process is producing 2D horizontal 
cross-sections of the scanned sample. µCT has some advantages over other non-destructive 

Figure 1: left, 3D-tomography of three samples [0°,90°]2s carbon pps laminate 

with in the middle section an embedded optical fibre. Right, the 

microbending to which an OF is subjected in a fabric carbon/PPS laminate. 

 

mailto:gachiesu.Chiesura@ugent.be
http://www.ugent.be/en
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technology (NDT): e.g. the high scanning resolution (~2 µm, strongly focused) allow you to clearly 
identify the damaged zones, the possibility to reconstruct a 3D volume of the investigated region 
makes it easy to interpret, and an important advantage is the possibility to monitor the specimen 
each time in between two fatigue test cycles without the need for a “post-mortem analysis”. The µCT 
gives you information on the embedding process itself: the correct placement of your OFS in the 
embedding process assures you an accurate measurement (correct interpretation of the strain 
measured), reducing the possibility of having asymmetric stresses on your sensor (premature 
damage). For 
example, the layup 
of the composite 
plays an important 
role in the 
embedding as can be 
seen in Fig. 1. In this 
work, we have 
fatigue cycled several 
cross ply carbon fibre 
reinforced plastic 
(CFRP) laminates and 
followed up the 
damage evolution around the embedded OFS; all OFS are Ormocer coated. 
In Fig. 2 a high resolution µCT – 2D section and a 3D rendering, respectively – are presented. A 
transverse crack in the proximity of the OFS, as well as the coating surrounding the OFS is clearly 
visible. 
By using µCT technique, it was shown that the quality of the embedding of an OFS in a CFRP can be 
controlled during the whole life cycle of the composite structure beginning at the stage of the 
production. Thus, it allows us to conclude that using µCT, the quality of different embedding 
techniques and procedures can be evaluated. The overall goal is to define a reliable embedding 
method able to ensure adequate accuracy and repeatability that may be implemented in industry. 
This has partially already been achieved with one of our industrial partners, Airborne (NL), through 
an automated optical fiber placement process (AFP). 
 
The authors wish to acknowledge the support of SONACA S.A. (Société Nationale de Construction 
Aérospatiale SA) and the European Commission for funding the FP7 SmartFiber project. 
 

REFERENCES 
 
[1] G. Luyckx, E. Voet, N. Lammens, J . Degrieck, Strain Measurements of Composite Laminates with 

Embedded Fibre Bragg Gratings: Criticism and Opportunities for Research, Sensors, 11, 2011, pp. 
384-408. 

[2] P. Parlevliet, E. Voet, H. Bersee, A. Beukers, Process Monitoring with FBG sensors during vacuum 
infusion of thick composite laminates, Proceedings of ICCM 16 Conference, Kyoto Japan, 2007.  

[3] B.C. Masschaele, V. Cnudde, M. Dierick, P. Jacobs, L. Van Hoorebeke, J. Vlassenbroeck, UGCT: 
New x-ray radiography and tomography facility, Nuclear Instruments & Methods in Physics 
Research Section a-Accelerators Spectrometers Detectors and Associated Equipment, 580(1), 
2007, pp. 266-269. 

 

  

Figure 2: left, 2D cross section taken from a micro-CT of an embedded OFS on a cross-ply 

CFRP. Right, 3D micro-CT reconstruction of an embedded OFS on a cross-ply CFRP.  

 

Coating

Optical Fibre

Composite

http://www.smartfiber-fp7.eu/sites/default/files/Sensors_2011_11_384_408.pdf
http://www.smartfiber-fp7.eu/sites/default/files/Sensors_2011_11_384_408.pdf
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Synthesis and Characterization Reactive All-aromatic Liquid 

Crystalline Polyesteramides  

Qingbao Guan, Martino Marchetti and Theo J. Dingemans* 

Delft University of Technology, Faculty of Aerospace Engineering  

Kluyverweg 1, 2629 HS Delft, The Netherlands 

E-mail: q.guan@tudelft.nl and t.j.dingemans@tudelft.nl 

Keywords: polyesteramide, phenylethynyl, liquid crystalline, high-performance polymer 

Abstract  

We have synthesized and characterized a new family reactive nematic oligomers based on the 
aromatic liquid crystal copolyesteramide polymer commercially known as Vectra® B, which 
comprises 20 mol% AAP, 20 mol% TA and 60 mol% HNA (Scheme 1). All oligomers, with a target Mn 
of 1000-9000 g mol-1, were end-capped with reactive phenylethynyl functionalities and synthesized 
using standard melt condensation techniques as shown in Scheme 1. Fully cured nematic thermosets 
could be obtained with high glass-transition temperatures (Tg ~190 oC) and outstanding thermal 
stability (Tdec

5%> 464 oC). The cured polymers exhibit acceptable tensile properties, i.e. tensile 
strength (74 MPa) and elongation at break (12%). This approach allows us to prepare high-
performance all-aromatic thermosets with a combination of useful properties such as ease of 
processing, high Tg’s, and excellent thermo-mechanical properties. We will discuss the chemistry and 
neat resin properties before and after cure. 

 

Scheme 1. Synthesis of the all-aromatic esteramide-based reactive liquid crystalline oligomers with 

phenylethynyl reactive end-groups. 

  

mailto:t.j.dingemans@tudelft.nl
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Assessing the fatigue performance of a FML lower wing skin panel 

Kees Custers, René Alderliesten (supervisor) 

Faculty of aerospace Engineering TU Delft 

Kluyverweg 1, 2629 HS Delft, the Netherlands 

k.custers@student.tudelft.nl 

Keywords: Fibre Metal Laminates, Fatigue, Delamination, Damage Tolerance 

Fibre metal laminates (FML) are a composite material composed of metal layers bonded together 

with layers of fibre reinforced prepreg. FMLs have excellent fatigue properties, making them a 

suitable candidate for lower wing skin application, which is a fatigue critical area. This research 

project focuses on analyzing the fatigue behaviour of a lower wing skin panel, made out of 1.3 mm 

thick aluminium layers combined with glass fibre bondpreg layers, with bonded stringers. The test 

results will be used to make a comparison between fatigue behaviour on a component scale and 

fatigue behaviour on a coupon scale, in order to validate existing fatigue models for stiffened FML 

skin panels. The panel is about 1 meter wide and 1.5 meters long and it contains design features that 

are typical for a wing structure such as an inspection hole cut-out with reinforcement and stringer 

run-outs. The project is still running so below some preliminary results are described. 

The panel was subjected to a variable amplitude fatigue loading that equals 2 design service goals 

(DSG) using a large fatigue testing machine (see figure 1). Delaminations initiated at thickness steps 

of the reinforcement of the inspection hole (figure 2), and also disbonding of stringer run-outs 

occurred (figure 3). Using the strain energy release rate (SERR), the delamination growth speed of 

the reinforcing layers around the inspection hole was compared to data from earlier research 

performed on coupons with similar lay-ups and thickness steps. Secondary bending as well as the 

shape of the reinforcement was found to have an influence on the initiation of delaminations and 

disbonds. 

After 2 DSGs cycles no crack initiation in the metal layers did occur. To test the crack growth 

resistance of the stiffened FML wing panel, an artificial crack was created by making a saw cut in the 

reinforcement of the inspection hole (figure 4). The crack growth rate was measured at different 

stress levels and will be compared to existing crack growth data for FMLs. Based on the outcome of 

the test, recommendations for an improved design for the wing panel will be made.  
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Figure 1: Overview of the stiffened panel in the fatigue 
testing machine 

Figure 2: C-scan of the reinforcement, the red 
colour indicates a delamination of the additional 
layers of the reinforcement 
 

 Figure 3: C-scan of the stringer run-out, the red 
colour indicates where the stringer has disbonded 

Figure 4: Overview of the stiffened panel in the 
fatigue testing machine 
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Intra-Ply Shear Locking in Finite Element Simulations 

D.J. Wolthuizen1,2, R.H.W. Ten Thije3, R. Akkerman1,2 

1Faculty of Engineering Technology, Chair of Production Technology, University of Twente 

Drienerlolaan 5, P.O. Box 217, 7500AE Enschede, the Netherlands 
2ThermoPlastic composites Research Center (TPRC), 

Palatijn 15, P.O. Box 770, 7500AT Enschede, the Netherlands 
3AniForm Virtual Forming, Deventer, the Netherlands 

www.aniform.com 

d.j.wolthuizen@utwente.nl 

devi.wolthuizen@tprc.nl  

Keywords: intra-ply shear locking, finite element analysis, composite forming 

Intra-ply shear locking is a numerical artifact that occurs during Finite Element forming simulations of 

fiber reinforced material. It is the inability of standard finite elements to correctly represent the 

deformation of the material. Intra-ply shearing is the primary deformation mode during forming of 

doubly curved products. Due to the dominant fiber stiffness, the fabric deforms as a trellis frame. 

This introduces hinge lines in the fabric. The discontinuity in the shear field at the hinge lines cannot 

accurately be captured by the finite elements with continuous displacement field.  

Hinge lines can clearly be seen in a bias-extension experiment. This experiment is used to 

characterize in-plane shear behavior of a woven fabric. In a bias-extension experiment three 

deformation regions develop with different uniform shear angles. When this bias-extension 

experiment is simulated with an FE simulation, the elements exhibit locking when the element edges 

are not aligned with the fiber directions. The fibers are strained inside the elements and therefore 

the elements behave overly stiff and the resulting tensile force is unrealistically high, see Figure 1.  

Thus, to be able to get the correct response, the mesh has to be aligned with the fiber directions at 

the beginning of the simulation, but the use is limited. Standard (random) meshers do not take into 

account the direction of the fibers. Remeshing and local mesh refinement are prohibited during the 

simulation when the directions of the fibers have to be respected. Moreover, only two fiber 

directions can be aligned. If multiple composite layers are modeled in an efficient multi-layer 

element through the thickness, the maximum number of two fiber directions is exceeded. So mesh 

alignment is not a proper solution for some applications and hence the locking phenomenon has to 

be solved.  

As an aid for solving the locking, two simple patch-tests are developed. The tests have only one hinge 

line opposed to the complex deformation shape of the bias-extension experiment with multiple 

hinge lines. The first is a single-element-test where the origin of the locking can be investigated. The 

second test is a pull-out-test where a small misalignment is introduced in the patch. The new 

developed elements at least have to pass these tests to be locking-free. 

mailto:d.j.wolthuizen@utwente.nl
mailto:devi.wolthuizen@tprc.nl
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Figure 1: Intra-poly shear locking in a bias-extension experiment when the element edges are not aligned with 
the fiber directions.  
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Synthesis and characterization of liquid crystal thermosets with high 

glass-transition temperatures 

Martino Marchetti , Qingbao Guan and Theo J. Dingemans* 

Delft University of Technology, Faculty of Aerospace Engineering  

Kluyverweg 1, 2629 HS Delft, The Netherlands 

E-mail: M.Marchetti-1@tudelft.nl and t.j.dingemans@tudelft.nl 

Keywords: polyester, phenylethynyl, liquid crystalline, high-performance polymer 

 

Liquid crystal thermosets are a unique sub-set of high-performance polymers that combine desirable 

processing characteristics with outstanding thermo-mechanical properties after cure. These 

compounds can be accessed via the so called reactive oligomer approach, where the polymer 

backbone is terminated with latent end-groups that can react in a successive thermal post treatment 

step to form a network structure. In this work we have explored the most rigid LCT formulation 

known to data, i.e. based on 4-hydroxybenzoic acid (HBA), terephthalic acid (TA) and 4,4’-biphenol 

(BP). The oligomer backbone structure and the synthesis of the oligomers via a standard melt 

polycondensation process is shown in Scheme 1. 

 

Scheme 1 Synthesis of the all-aromatic ester-based reactive liquid crystalline oligomers end-capped with phenylethynyl 
reactive end-groups. 

 

The incorporation of the reactive end-groups allows us to control the molecular weight (Mn) of the 

oligomers and hence the melting range and melt viscosity and the final after-cure thermo-mechanical 

mailto:M.Marchetti-1@tudelft.nl
mailto:t.j.dingemans@tudelft.nl
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properties. Two series of oligomers were synthesized, i.e. Mn= 5000 and 9000 g/mol. By varying the 

monomers ratio, i.e. vary the backbone rigidity or stiffness, we prepared 4 different oligomers for 

each series. 

The thermo-mechanical performance of the LC oligomers and their cured thermosets has been 

investigated using DMTA, TGA and DSC. All full cured thermosets exhibit high decomposition 

temperatures in both nitrogen and air environment, i.e. Td
5% (N2) = 500 oC and Td

5%(air) = 490 oC at a 

heating rate of 10 oC/min. DMTA analyses showed that fully cured films exhibit glass-transition 

temperatures (Tg) in the range of 360-430 oC. In addition, DMTA analyses showed that the films 

exhibit high storage moduli (E’) at room temperature (4.40 GPa) and elevated temperatures (e.g. 

2.00 GPa at 200 oC and 1.50 GPa at 300 oC). We will discuss the thermo mechanical performance of 

these new polymers and their use as resins in carbon fiber reinforced composites. 
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An X-FEM approach to model z-pinned structures 

F. Duboeuf1, T. Mouton1, E. Béchet1 

1LTAS - Aerospace and Mechanical Engineering Department, University of Liège 

Chemin des chevreuils, 1, B-4000 Liège, Belgium 

fduboeuf@ulg.ac.be 

Keywords: composite materials, z-pinning, extended finite element method, interface damage 

The aerospace industry tends to generalize the use of polymer matrix reinforced laminates in aircraft 

structures. However, the low through-thickness mechanical properties of these composite materials 

are their primary weakness. To overcome this shortcoming, several reinforcement techniques have 

been developed (weaving, stitching, braiding, etc), but only z-pinning has the capacity to reinforce 

uncured prepreg laminates in large commercial quantities [1]. 

Z-pinning has however some adverse effects. For instance, this technique induces reductions of the 

in-plane elastic properties, that are dependent on z-pin content and diameter [2,3].  

In order to predict the general behaviour of a reinforced structure, an approach based on the 

eXtended Finite Element Method (X-FEM) is introduced. The goals are twofold: (i) to take local 

effects into account in reinforced composites and (ii) to change the placement of z-pins without 

remeshing, which is valuable in a context of optimization. 

The X-FEM was originally used to model crack propagation [4] for which the geometry is represented 

by Level Sets. Since then, this method has been applied in many fields, in solid and fluid mechanics. 

In the context of the X-FEM, the geometric representation is entirely implicit, i.e. the CAD geometry 

is converted into an implicit geometry composed of Level Sets, then other local Level Sets functions 

related to z-pins and fabrics are introduced. Separate functional spaces are associated with the 

different material domains to enable the representation of discontinuous gradient through non-

conforming interfaces. Finally, these fields are coupled along the interface using Lagrange multipliers 

and a cohesive law can be used in order to model debonding, either along z-pins or between fibers 

and matrix. 

Examples of numerical applications in linear and nonlinear elasticity illustrate the presentation. 
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A large part of an aircraft’s structure is made up of thin plates, e.g. the fuselage and wing skins. A 

common way of repairing small damages (holes or cracks) to these plates is the patch repair, in which 

an extra piece of material is applied to bridge the damage in the plate. Currently these patches are 

attached using rivets, which results in stress concentrations in the structure. The use of adhesive 

bonding to attach the patches allows a more uniform load transfer, and does not require the drilling 

of holes, resulting in lower stress concentrations and thus enabling a lighter structure. 

Unfortunately the wide-spread application of adhesive bonding is hindered by a lack of 

understanding of the damage tolerance behaviour of these types of joints. This research investigated 

one specific damage mode: delamination (also called disbonding when referring specifically to 

bonded structures). The objective was to generate a model capable of predicting delamination 

growth for simple geometries and loading conditions.  

The concept underpinning the developed model is that the delamination growth can be related to 

the strain energy release rate (SERR). The SERR for a given configuration and loading can be 

calculated by means of a finite element analysis (FEA) employing the virtual crack closure technique 

(VCCT). This allows the generation of a function relating the SERR, G, to the delamination length, b,  

for a given applied load. 

 G f b  (1) 

Fatigue testing of material coupons was then used to relate the delamination growth rate to the 

SERR according to the (modified) Paris relation: 

n

II

db
CG

dN
  (2) 

where C and n are fitting parameters and GII is the SERR corresponding to the mode II opening of the 

delamination. 

Combining and iteratively integrating equations 1 and 2 allows the prediction of the delamination 

length for an arbitrary number of cycles. This is shown schematically in figure 1.  

Although the experimental results were not of sufficient quality to allow a full validation, the model 

appears to be capable of correctly predicting delamination growth. Calibrating the model with only 
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the linear portion of the delamination growth in the material coupons, the non-linear portion could 

also be predicted. This gives confidence in the validity of the model.   

As the SERR is correlated with crack growth not only for disbonding of adhesives, but also for other 

types of delamination (e.g. interlaminar delamination in composites), it is anticipated that the model 

will be more generally applicable than just for bonded repairs. 

 

 

 

Figure 1: Flow chart showing the developed delamination growth model. Figure from [1] 

 [1] Pascoe, J.A. ``Delamination of Bonded Repairs – A Damage Tolerance Approach,’’ MSc thesis, TU 

Delft, available from the TU Delft repository: http://repository.tudelft.nl/view/ir/uuid%3A38e5d9ac-

8c04-48d5-801f-b0c9308f67fa/ 
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The  rising  trend  towards  the  high  volume  production  of  composite materials,  to  utilize  its  high 

strength  to  weight  ratio  in  industrial  and  commercial  sectors,  lead  to  the  development  of 

thermoplastic composites (TPC). The inherent property of thermoplastics of being able to be recycled 

makes it a more practical choice in terms of value addition to the product. The increased production 

rate of TPC on the other hand generates a considerable quantum of process scrap.The value addition 

loop can be closed by exploiting the potential in the process scrap and transforming it into a recycled 

product. The recycling  is  limited  to grinding  the scrap  into  flakes of smaller dimensions  in order  to 

conserve  the  parent materials’  properties.  The  ground  flakes  can  be  directly molded  into  flake 

reinforced composite (FRC) products with complex geometries. 

Unlike  the short  fibre  reinforced composites  (SFRC),  the  flakes  in a FRC provide a  two‐dimensional 

reinforcement  irrespective  of  the  preferential  orientation  due  to  the  melt  flow  and  hence  an 

enhanced quasi‐isotropic property. The end products’ properties are a function of the statistical size 

distribution and orientation distribution of  the  flakes analogous  to  the SFRC. The properties of  the 

FRC are also a function of various other parameters like overlap between flakes, agglomeration and 

interface properties  in addition to the voids and matrix micro‐cracks. Figure 1 shows ground flakes 

from a 2/2 twill glass fabric/thermoplastic polyurethane (TPU) parent composite. 

The load transfer mechanism in an FRC is similar to the SFRC; the applied external load is transferred 

from the matrix to the flake by interfacial shear near the ends of the flakes. It is then transformed to 

a  normal  stress  along  its  length.The  failure  occurs  in  a  sequence  of  steps  either  initiated  by  the 

matrix micro‐cracks or by fibre‐matrix interface debonding. This subsequently leads to overloading of 

fibres and rupturing of flakes which in‐turn overloads the adjacent flakes. The accumulation of such 

fractures  progresses  until  the  complete  failure  of  the  composite.  This  underlying  phenomenon  is 

considered as  the basis  for  the  formulation of  the problem. Figure 2 shows a  fracture process  in a 

FRC specimen under tensile loading. The directional properties of the flakes with respect to its layup 

 10 mm 

Figure 1. Glass/TPU flakes



combined with  the orientation of  flakes  in  the FRC gives  rise  to a  local strength distribution  in  the 

mesoscopic scale (flake level). Hence the size, orientation of flakes with respect to the material axes 

and directional properties of the flakes are considered as the primary variables for the problem. 

The  current  work  focuses  on  understanding  and  characterising  the  mechanical  properties  viz. 

strength  and  stiffness  of  the  FRC  and  identification  of  various  failure  phenomena,  subjected  to 

uniaxial  tensile  loading  conditions. A  phenomenological model  based  on  probabilistic  approach  is 

currently being developed to be compared with the experiments. 

 

4 mm

Figure 2. Fracture in a tensile specimen showing crack path and 
strain localisation around a flake encircled with a dotted line. 
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Carbon fibre reinforced polymers (CFRP) provide excellent stiffness and strength, but often suffer 

from their brittleness. A possible solution is to use self-reinforced composites (SRC). In these 

composites, the fibre and matrix are made from the same polymer. The fibres are highly drawn to 

obtain molecular orientation and good mechanical properties. The most promising polymer for SRCs 

is polypropylene (PP). The molecular orientation in self-reinforced polypropylene (SRPP) results in a 

stiffness and strength improvement by a factor 3 compared to isotropic PP. Moreover, excellent 

impact resistance is achieved. Nevertheless, none of the current SRPP parts are structural 

components. By combining CFRP with SRPP, a better balance in properties can be achieved. On one 

hand, the toughness of CFRP is drastically improved by adding SRPP. On the other hand, the stiffness 

and strength of SRPP is increased, while maintaining a high toughness. 

Therefore, this paper proposes the hybridization of carbon fibre reinforced polypropylene (CFRPP) 

with SRPP. The optimal layup for an interlayer hybrid of these materials is investigated by combining 

four different unidirectional (UD) or woven materials: UD SRPP (
US ), woven SRPP (

WS ), UD CFRPP   

(
UC ) and woven CFRPP (

WC ). An example of the resulting stress-strain diagrams for 
WS - 

WC

hybrids is shown in figure 1. Especially at low fibre volume fractions, interesting mechanical 

properties are obtained. The stiffness of the SRPP is increased drastically, while the toughness, as 

seen from the area underneath the stress-strain diagram, remains almost unaffected. From a CFRPP 

point of view, the ultimate failure strain is increased from 1.5% to about 20%. 
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Figure 1: Stress-strain diagrams of WS - WC hybrids 

Another interesting phenomenon is observed at low fibre volume fraction in US -
WC  hybrids (see 

figure 2). At about 1.5% strain, the carbon fibre layers break and a delamination starts to develop 

(see figure 2c). Next, the stress increases again and the carbon fibre layers break a second time (see 

figure 2d). This means that at low fibre volume fractions, the US  layers are able to build up enough 

stress to break the 
WC  layers several times. 

         
Figure 2: (a) Stress-strain diagram of 12 2 12

U W US C S , photograph of the sample (b) before the test (c) after 

the first stress peak (d) after the second stress peak 

By choosing a suitable hybrid configuration, CFRPP-SRPP hybrids can be tuned to a wide range of 

applications. Although the high carbon fibre volume fraction hybrids may have interesting structural 

applications, the most striking behaviour was observed at low carbon fibre volume fractions. Multiple 

fractures of the carbon fibre layers were observed. This can have benefits in impact and especially 

post-impact behaviour. 
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