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PROJECT ABSTRACT 

MATISSE responds to the fourth bullet of the HORIZON-CL5-2021-D5-01-05 topic “expected 

outcome”, delivering improved aircraft technologies in the area of multifunctional structures 

capable of storing electrical energy for hybrid electric aircraft applications. This consists in 

integrating Li-ion cells into aeronautical composite structures, sharing the load-bearing function 

with the structure and achieving an aircraft structural element capable of functioning as a battery 

module.  

To do so, MATISSE will: 

• advance Li-ion battery cell technology, in a non-conventional formulation suitable for 

bearing structural loads: NMC811 (cathode), Si/C (anode) and bicontinuous polymer-

ionic quasi-solid-state electrolyte (BCE), i.e. NMC811|BCE|Si/C, achieving 170-270 

Wh/kg at cell level; 

• enable the functional integration of Li-ion cells into solid laminate and sandwich composite 

structures; 

• make the structural battery smart, by equipping it with on-cell and in-structure sensors, 

connected to a chip-based CMU (Cell Monitoring Unit) and PLC (Power Line 

Communication). 

MATISSE delivers a multifunctional structure demonstrator capable of power delivery, power 

management and safety monitoring. This consists of a full-scale wing tip (1.42 m × 0.69 m) for 

use in place of the current wingtip assembly installed on Pipistrel Velis Electro, embedding a 

module of 40 battery cells at 72 VDC. This will undergo a comprehensive testing and 

characterisation campaign, qualifying the technology at TRL 4 at the end of the project (2025). 

MATISSE will also encompass aspects related to flight certification, life-cycle sustainability and 

virtual scale-up, paving the way towards the application of structural batteries as an improved 

performance key enabling technology for next generation commuter and regional hybrid electric 

aircraft applications. 

The strong and complementary consortium of 8 partners from 5 different European countries 

and one associated partner country representing industrial companies, SMEs and RTOs is 

coordinated by AIT Austrian Institute of Technology. MATISSE is scheduled to run from 

September 1st 2022 to August 31st 2025, for a total duration of 36 months and has received 

funding from the European Union’s Horizon Europe research and innovation programme under 

Grant Agreement no. 101056674. A full list of partners and funding can be found at: 

https://cordis.europa.eu/project/id/101056674. 

 

https://cordis.europa.eu/project/id/101056674


 

MATISSE | D4.1 - Smart cell/Structural manufacturing process report (Public) 6 

 

 

Figure 1: MATISSE concept overview (graphical abstract) 

EXECUTIVE SUMMARY 

This report provides the details about the choice of the composite material which will be 

considered in the MATISSE project to (a) preserve the electrical performances of the battery 

cells developed by AIT, (b) enable an easy introduction  of embedded SHM controls within the 

battery cells and within the composite material, and (c) ensure the manufacturing constraints 

imposed by Pipistrel (out-of-autoclave process) in order to obtain a technically and economically 

solution to produce the final demonstrator of the project.  

At the beginning of the project MATISSE, it was demonstrated that the material considered in 

SOLIFLY project (and initially planned to be also used in MATISSE), despite many advantages, 

is not suitable considering an out-of-autoclave process. Therefore, it was decided to change the 

initially planned material to another one. A literature survey was performed, mainly by ONERA 

and Pipistrel, to determine potential alternative candidates. Moreover, technical meetings with 

experts from Hexcel and Composite Distribution, major composite material providers, to obtain 

additional information about the current composite material market and to be sure that the 

chosen solution could be applied in aeronautical industries in few years. Five carbon/epoxy 

composite materials have been studied in detail, and finally the IM2C/M79 composite material 

made of unidirectional fibres with an intermediate weight areal has been selected. Furthermore, 

the characterization test campaign was adapted in order to perform tests mandatory to prepare 

the final test on the MATISSE demonstrator. 
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1. INTRODUCTION 

The choice of the composite material in MATISSE, to manufacture the demonstrator at the end 

of project, is a key aspect that has been addressed since the beginning of the project. Indeed, 

there are several constraints to consider in this choice in order to obtain: (i) an interesting trade-

off between the mechanical performances and the associated cost of the material, (ii) a limited 

number of characterization tests to save time and money in the project, (iii) to preserve the 

electrical performances of the battery cells by considering a low temperature curing cycle, (iv) 

to obtain a good adhesion between the composite material and the battery cells for limiting the 

decrease of the residual properties and finally (v) to obtain a good isolation from an electrical 

point of view between the battery cells and the surrounding composite material to exploit the 

full potential of the cells. This report presents all these considerations in order to choose the 

best material to produce effective composite parts with embedded battery cells. 

2. CHOICE OF THE COMPOSITE MATERIAL 

2.1. AS4/8552 COMPOSITE MATERIAL (SOLIFLY PROJECT) 

Initially, it has been chosen to consider in MATISSE the same carbon/epoxy material than was 

used in SOLIFLY project, which is the AS4/8552 unidirectional plies with an intermediate weight 

areal. Many publications in the scientific literature consider this composite material [1–5], and 

all the basic material properties (elastic properties, strengths) are available. Moreover, other 

properties can be found in the literature, such as the strength of open-hole plates subjected to 

tension and compression [1], or impact at different low speed/low energy levels and compression 

after impact [5], as illustrated respectively in Figure 2 and Figure 3. 

 

Figure 2: Test results on open-hole plates manufactured in AS4/8552 composite material [1]  



 

MATISSE | D4.1 - Smart cell/Structural manufacturing process report (Public) 8 

 

 

Figure 3: Impact tests and compression after impact tests on plates manufactured in AS4/8552 

composite material [5] 

This material, widely used in aeronautics, presents high mechanical properties. The mechanical 

properties usually used in advanced damage models, such as that developed at ONERA, are 

provided in Figure 4. 

 

Figure 4: AS4/8552 material properties found in the literature [1] 
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Moreover, its manufacturing process is quite flexible [6] and can be widely modified without 

degrading the mechanical properties. Indeed, in the SOLIFLY project, the cure cycle (considering 

the autoclave process) has been adapted by ONERA in order to preserve the electrical 

functionality of the embedded cells. The maximal cure temperature has been decreased from 

180°C to 130°C, but this modification has induced a large increase of the duration of the cure 

cycle (from 2 hours to 18 hours), decreasing its potential interest for industrial partners. The 

pressure has been decreased from 7bar to 2.5bar to avoid leakage of the ionic liquid introduced 

in the electrolyte of the battery cells. In SOLIFLY, this manufacturing process has been 

successfully validated by producing laminated coupons and also a stiffened panel with several 

functional battery cells, as illustrated in Figure 5. 

 

Figure 5: Functional cross-ply laminate with two battery cells and functional quasi-isotropic laminated 

stiffened panel with 20 battery cells produced in SOLIFLY project. 

However, the use of standardized manufacturing procedures is one of the MATISSE project pre-

requisites considering out-of-autoclave processes without applying any pressure to the 

composite material to limit the production cost. Therefore, as suggested by Pipistrel, an 

AS4/8552 quasi-isotropic composite plate has been manufactured without any pressure (except 

that applied by the vacuum bag) at ONERA. Figure 6 presents a micrograph of a polished free 

edge, where many voids are clearly observed. Considering a binarization method [7] of this 

micrograph, it is possible to determine the surface void content which is estimated around 22%, 

what is far higher that the threshold accepted in aeronautics (evolving usually between 0.5% or 

3%).  

 

Figure 6: Analysis of one free polished edge of an AS4/8552 composite plate manufactured without any 

additional pressure 
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Therefore, considering such a manufacturing constraint (out-of-autoclave process to limit the 

production cost), it has been decided to change the composite material studied in MATISSE 

project. Pipistrel and ONERA have thus performed a literature survey about other potential 

candidates available in the market. 

2.2. FIRST ALTERNATIVE CANDIDATE: IM7/M20 MATERIAL 

Firstly, Pipistrel has identified the carbon/epoxy IM7/M20 material as a potential candidate, 

produced by Hexcel, because no additional pressure is needed (only the vacuum bag pressure) 

and the maximal cure temperature is fixed at 130°C. A literature survey has been performed in 

order to evaluate the potential of such a material. The mechanical properties have been found 

on the Hexcel website and are reported in Figure 7. The mechanical properties are similar than 

those of AS4/8552 composite material for tensile loadings, but significantly lower for 

compression loadings. 

 

Figure 7: Mechanical properties of the IM7/M20 composite material 

Nevertheless, very few data are available in the literature. Indeed, this material is produced only 

in Germany by Hexcel and has been mainly designed for composite repairing [8–10], as 

illustrated in Figure 8. Indeed, the flexible manufacturing process associated to this material is 

very relevant for composite repairing. The obtained residual strength is also very promising 

because this material presents a good adhesion with other composite materials or adhesives. 

 

Figure 8: Composite repairing with IM7/M20 material which presents a flexible manufacturing process [9] 
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Technical meetings have been organised by ONERA with one composite material expert in Hexcel 

(M. Bonnafoux) who confirmed that the IM7/M20 composite material is produced only for 

repairing issues and only low material quantities are available. Therefore, it is not relevant to 

manufacture a large composite structure, as the winglet planned in the MATISSE project, with 

this composite material. 

2.3. SECOND ALTERNATIVE CANDIDATE: IM7/M56 MATERIAL 

Then, Hexcel has proposed to consider the IM7/M56 carbon/epoxy material, which is the 

composite material really designed by Hexcel for aeronautical industries using an out-of-

autoclave process.  

ONERA has thus performed a literature survey, and many publications dealing with this 

composite material have been found [11–16]. The void content has been considered using CT-

scan [11] to determine precisely their size and their distribution and compared with those 

obtained on similar composite materials manufactured with an autoclave process, as reported in 

Figure 10. The quality of the produced coupons clearly fulfils the aeronautical standards.  

 

Figure 9: Study on initial voids in IM7/M56 material [11] 

Moreover, large composite parts have been manufactured with this material and have already 

been presented at JEC Paris few years ago, demonstrating the feasibility to produce large parts 

with IM7/M56 material. Another interesting point concerns the possibility of recycling associated 

with matrix M56 as reported in [12,13]. The mechanical properties are rather similar to those of 

the AS4/8552 composite material which is manufactured with an autoclave process and has been 

considered in the SOLIFLY project, as reported in Figure 10. The mechanical properties are very 

high and fulfils the aeronautical recommendations.  

Moreover, the influence of a change in the manufacturing process has been studied on the 

mechanical properties, which remains low by changing the maximal curing temperature 

(decreasing the temperature) as reported in [15]. The recommended curing cycle considers a 

maximal cure temperature fixed at 180°C. As in SOLIFLY project, with AS4/8552 composite 

material, the cure temperature could be decreased to 130°C to preserve the electrical 

performances of the battery cells, without decreasing the mechanical properties. Nevertheless, 

the decrease of the cure temperature will increase the duration of the cure cycle and this point 

could be an issue in order to transfer the developed methodology to aeronautical industries. This 

last point pushed Pipistrel and ONERA to consider another material. 
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Moreover, the cost of the IM7/56 material is quite expensive and does not fit with the 

recommendations to produce competitive composite parts. 

 

 

Figure 10: Comparison of the mechanical properties of IM7/M56 (out-of-autoclave) and AS4/8552 
(autoclave) materials 

 

2.4. THIRTH ALTERNATIVE CANDIDATE: TR50/M90 MATERIAL 

The Composite Distribution company, which is the official French seller of Hexcel’s products in 

France, also advised a new carbon/epoxy composite material, named TR50/M90. Indeed, Onera 

has organised a visio-conference to exchange on this composite material with J. Renard, a 

material expert in Composite distribution. This material does not need additional pressure, the 

maximal curing temperature is 110°C, the mechanical properties are moderate, as illustrated in 

Figure 11, but remain suitable for the manufacturing of the demonstrator in the MATISSE project. 

Moreover, Hexcel has developed a composite material for aeronautical industries, meaning that 

the quality of the material is guarantee for the next few years. 
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Figure 11: Mechanical properties of the TR50/M90 composite material 

Nevertheless, this material has been recently developed and very few articles can be found in 

the literature considering this composite system. For this reason, considering the rick associated 

to the use of a recently developed composite material, it has been decided to not consider this 

material. 

2.5. FOURTH ALTERNATIVE CANDIDATE: IM2C/M79 MATERIAL 

Finally, Pipistrel proposed to consider the IM2C/M79, which is widely used for marine applications 

[17]. For instance, this material has been used for the manufacturing of composite foils in racing 

boats, as reported in Figure 12. 

 

Figure 12: Use of IM2C/M79 for the manufacturing of foils in “Macif 100” racing boat 

This material presents rather high mechanical properties (especially for longitudinal compression 

[17]) and interesting out-of-plane strengths [18], as reported in Figure 13, which are critical 

mechanical properties in order to design a composite foil. This material has been widely studied 

at IRDL (a research laboratory located at Brest in France) in order to design competitive racing 

boats. V. Keryvin, full professor at IRDL, has been contacted in order to share the available test 

results (tensile test on [±45]s and [0n]s laminates subjected to tensile or compressive loadings, 

or four point bending test on L-angle specimens). He agreed to mutualize the available test 

results on this material. Since test results to determine the classical mechanical properties are 

available, the choice of such a composite material seems relevant. 
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Figure 13: a) Bending tests to measure tensile and compressive behaviour in the fibre direction [17] and 

b) four point bending tests on L-angle specimens [18] 

The manufacturing of this composite material is quite flexible because there is no need of 

additional pressure (except that of the vacuum bag) and the maximal curing temperature is 

about 80°C, which is consistent with the recommendations associated to the battery cells 

introduction.  Moreover, this material is suitable to manufacture thick composite material 

because of a low exothermicity. 

 

This material has also been considered for wind turbine applications [19–21], as illustrated in 

Figure 14. 

 

Figure 14: Use of IM2C/M21 to manufacture large and thick wind blades [20] 

Therefore, the fatigue lifetime has also been evaluated experimentally considering Wöhler curves 

and infrared thermography [22,23], as reported in Figure 15. The fatigue lifetime is rather high 

and interesting for wind turbine applications. These fatigue tests allow us to obtain an estimation 

of the fatigue lifetime of such a composite material compared to other classical material found 

in aeronautics, and it quite promising. 
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Figure 15: Fatigue lifetime estimation for IM2C/M21 with IR thermography [23] 

Moreover, this material is considered in another research project lead by Pipistrel, and it has 

been estimated relevant to mutualize the experimental data. It must be considered that Hexcel 

does not guarantee that the composition of the composite material will not be modified in the 

next future. Nevertheless, the IM2C/M79 material has not been modified since the last 10 years 

(information provided by IRDL) and it could be reasonable to assume that the material will 

remain the same during the next years. 

 

2.6. CHOOSEN COMPOSITE MATERIAL AND ASSOCIATED TEST 

CAMPAIGN 

Considering the interesting technically and economically trade-off, and considering the synergy 

with other projects led by Pipistrel, the IM2C/M79 composite material has been chosen with 

an intermediate weight areal for unidirectional ply. 

The material supplier Composite Distribution has been contacted by ONERA to obtain 200m2 of 

the material with a delay of delivery about 6 weeks and a cost around 65 €/m2, including the 

transport with a controlled temperature fixed at -18°C. Moreover, IRDL laboratory, who has 

already worked on this material, has been contacted to share the experimental data and thus 

limited the characterization test campaign. 

Initially, the test campaign planned in the DoA considered the following types of tests: 

• 36 quasi-static tests both on solid and sandwich composite materials to characterize 

material properties 

• 51 impact tests on solid and sandwich composite plates with different energy levels and 

stacking sequences 

• 8 fatigue tests to obtain a rough estimation of the fatigue lifetime of composite coupons 

with embedded battery cells 

Because the composite material has been changed, it is necessary to adapt the test campaign 

to characterize the new composite material. It was decided to consider the same budget for the 

new test campaign, considering the following tests: 

• ~50 quasi-static tests both on solid and sandwich composite materials to characterize 

material properties 
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• 17 impact tests on solid and sandwich composite plates with different energy levels 

• 0 fatigue test (tests removed) 

It was decided to remove the fatigue tests and reduce the number of impact tests because they 

are not mandatory in order to prepare the tests on the demonstrators, which is a winglet defined 

in WP5, planned at the end of the project. Among the 50 quasi-static tests, in-plane test on 

laminates ([0n]s, [90n]s, [±45n]s and [45/0/-45/90] ns laminates have been designed to estimate 

the intra-ply mechanical properties, delamination propagation test are also planned (DCB, ENF 

and MMB) with different mode mixings on [0]ns laminate, and finally adhesive tests are currently 

designed to estimate bounding between the composite material and the battery cells, which is a 

critical quantity in the project, as demonstrated by CIRA in WP3. 

3. CONCLUSIONS 

This report provides the details about the choice of the composite material which will be 

considered in the MATISSE project to (a) preserve the electrical performances of the battery 

cells developed by AIT, (b) enable an easy introduction  of embedded SHM controls within the 

battery cells and within the composite material, and (c) ensure the manufacturing constraints 

imposed by Pipistrel (out-of-autoclave process) in order to obtain a technically and economically 

solution to produce the final demonstrator of the project.  

It has been demonstrated, at the beginning of the project MATISSE, that the material considered 

in SOLIFLY project, named AS4/8552, despite many advantages, is not suitable considering an 

out-of-autoclave process. Therefore, it has been decided to change the initially planned material 

to another one. A literature survey has been performed mainly by ONERA and Pipistrel in order 

to determine potential candidates. Moreover, technical meetings with experts from Hexcel and 

Composite Distribution, major composite material providers, have been contacted to obtain 

additional information about the current composite market to be sure that the chosen solution 

could be applied in aeronautical industries in few years. Five carbon/epoxy composite materials 

have been widely studied and finally, the IM2C/M79 composite material made of unidirectional 

plies with an intermediate weight areal has been chosen and ordered. 

Therefore, the characterization test campaign has been modified in order to characterize the 

missing mechanical properties of the composite itself and of the interface between the composite 

and the battery cells. The initially planned fatigue tests have been removed, and the number of 

impact tests have been reduced putting the focus on characterizing the mechanical properties 

required for the design and testing on the MATISSE winglet demonstrator. 

  



 

MATISSE | D4.1 - Smart cell/Structural manufacturing process report (Public) 17 

 

4. REFERENCES 

[1] A.H. Baluch, O. Falco, J.L. Jimenez, B.H. Tijs, C.S. Lopes, An efficient numerical approach 

to the prediction of laminate tolerance to Barely Visible Impact Damage, Compos. Struct. 

225 (2019) 111017. 

[2] S.R. Hallett, W.G. Jiang, B. Khan, M.R. Wisnom, Modelling the interaction between matrix 

cracks and delamination damage in scaled quasi-isotropic specimens, Compos. Sci. 

Technol. 68 (2008) 80–89. 

[3] M.R. Wisnom, B. Khan, S.R. Hallett, Size effects in unnotched tensile strength of 

unidirectional and quasi-isotropic carbon/epoxy composites, Compos. Struct. 84 (2008) 28. 

[4] M.R. Wisnom, S.R. Hallett, The role of delamination in strength, failure mechanism and hole 

size effect in open hole tensile tests on quasi-isotropic laminates, Compos. Part Appl. Sci. 

Manuf. 40 (2009) 335–342. 

[5] O. Falcó, C. Lopes, D. Sommer, D. Thomson, R. Ávila, B. Tijs, Experimental analysis and 

simulation of low-velocity impact damage of composite laminates, Compos. Struct. (2022) 

115278. 

[6] T. Garstka, N. Ersoy, K.D. Potter, M.R. Wisnom, In situ measurements of through-the-

thickness strains during processing of AS4/8552 composite, Compos. Part Appl. Sci. Manuf. 

38 (2007) 2517–2526. 

[7] N. Otsu, A threshold selection method from gray-level histograms, IEEE Trans. Syst. Man 

Cybern. 9 (1979) 62–66. 

[8] B. Dao, J.H. Hodgkin, J. Krstina, J. Mardel, W. Tian, Accelerated ageing versus realistic 

ageing in aerospace composite materials. IV. Hot/wet ageing effects in a low temperature 

cure epoxy composite, J. Appl. Polym. Sci. 106 (2007) 4264–4276. 

[9] S. Harder, F. Röper, D. Gibhardt, B. Koert, B. Fiedler, Strength of scarf-bonded CFRP repairs 

containing disc-shaped zones of weak bonding considering hot-wet conditioning, Int. J. 

Adhes. Adhes. 102 (2020) 102643. 

[10] S. Harder, H. Schmutzler, P. Hergoss, J. Freese, J. Holtmannspötter, B. Fiedler, Effect of 

infrared laser surface treatment on the morphology and adhesive properties of scarfed CFRP 

surfaces, Compos. Part Appl. Sci. Manuf. 121 (2019) 299–307. 

[11] N.K. Fritz, R. Kopp, A.K. Nason, X. Ni, J. Lee, I.Y. Stein, E. Kalfon-Cohen, I. Sinclair, S.M. 

Spearing, P.P. Camanho, B.L. Wardle, New interlaminar features and void distributions in 

advanced aerospace-grade composites revealed via automated algorithms using micro-

computed tomography, Compos. Sci. Technol. 193 (2020) 108132. 

[12] S. Pimenta, S.T. Pinho, The effect of recycling on the mechanical response of carbon fibres 

and their composites, Compos. Struct. 94 (2012) 3669–3684. 

[13] M.L. Longana, H. Yu, M. Jalavand, M.R. Wisnom, K.D. Potter, Aligned discontinuous 

intermingled reclaimed/virgin carbon fibre composites for high performance and pseudo-

ductile behaviour in interlaminated carbon-glass hybrids, Compos. Sci. Technol. 143 (2017) 

13–21. 

[14] J. Lee, X. Ni, F. Daso, X. Xiao, D. King, J.S. Gómez, T.B. Varela, S.S. Kessler, B.L. Wardle, 

Advanced carbon fiber composite out-of-autoclave laminate manufacture via 

nanostructured out-of-oven conductive curing, Carbon Nanotube Compos. Struct. Appl. 166 

(2018) 150–159.  

[15] J. Galos, Novel method of producing in-plane fibre waviness defects in composite test 

coupons, Compos. Commun. 17 (2020) 1–4.  

[16] C. González, J.J. Vilatela, J.M. Molina-Aldareguía, C.S. Lopes, J. LLorca, Structural 

composites for multifunctional applications: Current challenges and future trends, Prog. 

Mater. Sci. 89 (2017) 194–251. 

[17] V. Keryvin, A. Marchandise, J.-C. Grandidier, Non-linear elastic longitudinal behaviour of 

continuous carbon fibres/epoxy matrix composite laminae: Material or geometrical 

feature?, Compos. Part B Eng. 247 (2022) 110329. 

[18] M. Grabow, V. Keryvin, C. Baley, J.-C. Grandidier, Contribution to the investigation of the 

compressive strength and delamination of continuous fibers laminated composites in the 

context of competitive sailing, Contribution à l’étude des résistances en compression et au 



 

MATISSE | D4.1 - Smart cell/Structural manufacturing process report (Public) 18 

 

délaminage de composites stratifiés à fibre(s) continues dans le contexte du nautisme de 

compétition, doctorate thesis of Université de Bretagne Sud, 2021. 

[19] J. Radanitsch, Multi-layered carbon stacks for large wind turbine blades, Proc CAMX 3 

(2014). 

[20] C. Robert, T. Pecur, J.M. Maguire, A.D. Lafferty, E.D. McCarthy, C.M. Ó Brádaigh, A novel 

powder-epoxy towpregging line for wind and tidal turbine blades, Compos. Part B Eng. 203 

(2020) 108443. 

[21] J.M. Maguire, N.D. Sharp, R.B. Pipes, C.M. Ó Brádaigh, Advanced process simulations for 

thick-section epoxy powder composite structures, Compos. Part Appl. Sci. Manuf. 161 

(2022) 107073. 

[22] Z. Jia, M.-L. Pastor, C. Garnier, X. Gong, A new method for determination of fatigue limit 

of composite laminates based on thermographic data, Int. J. Fatigue 168 (2023) 107445. 

[23] Z. Jia, M.-L. Pastor, C. Garnier, X. Gong, Fatigue life determination based on infrared 

thermographic data for MultiDirectional (MD) CFRP composite laminates, Compos. Struct. 

319 (2023) 117202. 

 


