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UNCLASSIFIED 

EXECUTIVE SUMMARY 

Figure 1 Numerical model to compute Inductive heating. Left real part of the 
magnetic flux density vector. Middle induced Eddy Currents. Right Joule heating due 
to the induced eddy currents. 

Problem area 

In the European R&D program Clean Sky 2, Large Passenger Aircraft Platform 2, a 
MultiFunctional Fuselage Demonstrator (MFFD) for single aisle aircraft is developed 
that serves as a platform for examining the full potential of thermoplastic (TP) 
composites. This MFFD consists of an assembly of building blocks for which novel 
assembly techniques need to be developed. One such novel assembly technique is 
welding. This paper is focused more specifically on induction welding of 
thermoplastic unidirectional (UD) carbon fiber reinforced polymer (CFRP) 
materials. 

Induction welding makes use of the fact that the thermoplastic matrix of TP 
composites can be re-melted by inductive heating, allowing TP composite 
adherends to be joined via welding. At present, the inductive heating of woven 
fabric composites is well documented and understood. However, inductive heating 
of UD CFRP laminates is not well understood and therefore this work focusses on 
modelling and simulation of the induction heating process of UD CFRP 
Laminates, see Figure 1. 
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GENERAL NOTE 
This report is based on a presentation held at the 11th EASN Virtual 
International Conference on Innovation in Aviation & Space to the 
Satisfaction of the European Citizens, Salerno, 1-3 September 2021. 
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Description of work 

The influence of material properties and ply layup on the generation and 

distribution of eddy currents inside the TP composite laminate is investigated via a 

study of the open literature. Furthermore, a measurement technique to obtain 

electric conductive parameters necessary for the electromagnetic modelling is 

developed. To improve the electromagnetic modelling of inductive heating of UD 

laminates, special attention is paid to the cross-ply interfaces in the laminate. A 

specific interface model is derived that takes into account the heating effects that 

occur in the cross-ply interfaces of the UD plies in the laminate. The interface 

model is implemented in an electromagnetic finite element (FE) model that is 

applied to an inductive heating study of a cross-ply laminate taken from the 

literature. 

Results and conclusions 

The numerical results of the model with interface represent the measured surface 
temperature of a UD laminate that is inductively heated more accurately than the 
numerical results of a model without interface. Electric properties of a single UD 
ply that were derived with the measurement techniques were in agreement with 
values from literature. 

Applicability 

The developed electromagnetic FE model building block for TP composite UD 
material can be used to predict the required power and frequency settings of an 
induction heating setup for UD laminates. Together with thermal and mechanical 
building blocks this allows for the numerical simulation of induction welding of 
laminates. Via simulation of the induction welding process an operator of an 
induction welding setup can better determine the correct induction heating 
settings for a given laminate to arrive at a successful weld. Furthermore, the 
measurement technique developed can be used to measure the anisotropic 
electric properties of individual plies. 
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Summary 

Several heating mechanisms take place in the induction heating of thermoplastic CFRP. The extent in which each 
mechanism contributes to the heating process, depends on the material that is heated and the process parameters 
that are applied. In this work we focus on modelling and simulation of the induction heating process of unidirectional 
(UD) CFRP material. In particular the influence of material properties and ply layup on the generation and distribution 
of eddy currents inside the composite laminate is investigated. A measurement technique to determine the electrical 
conductivity properties is presented. The experimentally obtained values are in agreement with literature values. A 
finite element simulation of a UD CFRP material shows the positive effect of modelling electromagnetic ply properties 
with interface modelling with respect to the calculated surface temperature. 
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Abbreviations 

ACRONYM DESCRIPTION 

AC Alternating Current 

DC Direct Current 

EMF Electro Magnetic Field 

FEA Electro Magnetic Field 

MFFD MultiFunctional Fuselage Demonstrator 

NLR Royal NLR - Netherlands Aerospace Centre 

TPCs Thermoplastic Composites 

UD Uni-Directional 
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NLR operates as an objective and independent research centre, 

working with its partners towards a better world tomorrow. As part 

of that, NLR offers innovative solutions and technical expertise, 

creating a strong competitive position for the commercial sector. 

For more information visit: www.nlr.org 

NLR has been a centre of expertise for over a century now, 

with a deep-seated desire to keep innovating. It is an 

organisation that works to achieve sustainable, safe, 

efficient and effective aerospace operations. 

The combination of in-depth insights into customers’ needs, 

multidisciplinary expertise and state-of-the-art research 

facilities makes rapid innovation possible. Both domestically 

and abroad, NLR plays a pivotal role between science, the 

commercial sector and governmental authorities, bridging 

the gap between fundamental research and practical 

applications. Additionally, NLR is one of the large 

technological institutes (GTIs) that have been collaborating 

over a decade in the Netherlands on applied research 

united in the TO2 federation. 

From its main offices in Amsterdam and Marknesse plus 

two satellite offices, NLR helps to create a safe and 

sustainable society. It works with partners on numerous 

programmes in both civil aviation and defence, including 

work on complex composite structures for commercial 

aircraft and on goal-oriented use of the F-35 fighter. 

Additionally, NLR helps to achieve both Dutch and European 

goals and climate objectives in line with the Luchtvaartnota 

(Aviation Policy Document), the European Green Deal and 

Flightpath 2050, and by participating in programs such as 

Clean Sky and SESAR. 
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