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ABSTRACT  

The use of lightweight materials in structural applications is ever increasing. Today, 

lightweight engineering materials are needed to realise greener, safer and more competitive 

products. A route to achieve this could be to combine more than one primary function in a 

material or component to create multi-functionality, thus reducing the number of 

components and ultimately the overall weight. This thesis presents an approach towards 

realising novel multi-functional polymer composites. A series of structural capacitor 

materials made from carbon fibre reinforced polymers have been developed, manufactured 

and tested.  

In papers I and II , capacitors have been manufactured using different papers and polymer 

films as dielectric separator employing carbon fibre/epoxy pre-pregs as structural 

electrodes. Plasma treatment was used as a route for improved epoxy/polymer film 

adhesion. The manufactured materials were evaluated for mechanical performance by ILSS 

and tearing tests and electrical performance by measuring capacitance and dielectric 

breakdown voltage.  

In paper III  the concept was extended in a parametric study using the most promising 

approach with a polymer film as dielectric separator. Three thicknesses of PET (50, 75 and 

125 µm) were used as dielectric separator with carbon fibre/epoxy pre-pregs as structural 

electrodes. PET was chosen due to availability in different thicknesses as well as the 

frequent use in ordinary capacitors making it a suitable candidate. As in paper I and II , 

plasma treatment was used to improve the PET/epoxy adhesion. The capacitor materials 

were evaluated for mechanical performance by tensile tests and ILSS and for electrical 

performance by measuring capacitance and dielectric breakdown voltage.  



 

The multifunctional materials shows good potential for replacing steel and other materials 

with lower specific mechanical properties but cannot match the high specific mechanical 

performance of mono-functional materials. Both mechanical and electrical performance 

could have large benefits from developing new separator materials adapted for use in 

multifunctional applications and could be an interesting field for extended research.  
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INTRODUCTION 

MULTI-FUNCTIONAL MATERIALS 

Environmental concerns along with the forecast of crude oil shortage have started recent 

trends towards electrification of ground vehicles. To realise electric vehicles the mobile 

platforms must carry increasingly larger masses and volume of energy storage components 

such as capacitors, supercapacitors and batteries. This development counteracts the 

realisation of efficient electric vehicles, for which low weight is essential. One route to 

address this problem could be the development of multifunctional materials, in this case, 

materials that could store electrical energy and withstand mechanical loading. 

More than a decade ago Chung and Wang [1] presented the idea of using the semi-

conductive nature of the carbon fibre in “structural electronics”, making electric devices, 

e.g. diodes, detectors, transistors, etc. Following this they were first to propose the use of a 

high dielectric constant material as an interface between CFRP laminas to make a structural 

parallel-plate capacitor. By this approach truly multifunctional materials, i.e. a material that 

can perform more than one function, emerge. In a follow-on study Luo and Chung 

demonstrated structural capacitor materials for the first time [2]. Lou and Chung made thin 

structural capacitors from single unidirectional carbon fibre epoxy pre-preg layers separated 

by different paper dielectrics.  

More recently, another approach for making structural capacitors was suggested by Baechle 

et al. [3]. To achieve high energy density of the capacitor Baechle and co-workers made 

structural capacitors employing glass fibre/epoxy pre-preg as the dielectric with metalized 

polymer films as electrodes. By this approach Baechle and colleagues utilise the dielectric 

layer for structural performance.  
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This work has been focused on the approached suggested by Lou and Chung [2] and have 

utilized carbon fibre pre-pregs as structural electrodes along with a large set of different 

separator materials. 

MATERIALS AND MANUFACTURING 

Structural capacitors were made from carbon fibre epoxy composites to facilitate high 

performance mechanical electrodes. The electrode layers (laminas) were made from 0/90º 

twill weave, MTM57/CF3200-42% RW, pre-preg supplied by the Advanced Composites 

Group, UK.  

In papers I and II a set of different papers and polymer films where used as separators 

while in paper III a parametric study was performed with three different thicknesses of 

Mylar-A (PET) film separator. Adhesion between polymer films and epoxy could be an 

issue and in addition to the neat polymer films, plasma treated polymer-films were prepared 

in all papers.  

Manufacturing of all laminates were done according to the same principle. Prior to 

manufacturing the laminates the pre-preg roll was taken from the freezer and laminas were 

cut to required size. The laminas were allowed to reach room temperature before putting 

them in a vacuum chamber for 30 min to evaporate any leftover condensation. During 

manufacture the pre-preg layers were stacked along with the separators in a release agent 

coated mould. To achieve equal surface properties on both sides of the laminate the 

structural capacitor laminates were manufactured using peel plies on both top and bottom 

surfaces. The mould was sealed with butyl tape and a vacuum bag. A schematic of the 

bagged layup is shown in Figure 1. Vacuum was applied and debulking without heat for 30 
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min was performed. The mould was then placed in an oven and heated according to the 

supplier’s recommendations (120ºC for 30 minutes) to achieve fully cured laminates.  

 

 

 

 

 

 

Fig. 1. Manufacture of the structural capacitor laminates. 

 
A copper mesh was used as electrical connection on laminates for electrical 

characterisation. A laminate for electrical testing is depicted in Figure 2.  

 

Fig. 2. A single dielectric layer structural capacitor for electric characterisation. 

 
Specimens for mechanical characterisation were made to closely match the requirements 

set by the standards for respective test, ASTM standard D2344/2344M [4] for ILSS testing 

and D3039/D3039M [5] for tensile testing. The tearing tests in paper II were performed 

using a tearing test developed at Swerea SICOMP AB for simulating a tearing failure [6] 
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