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Research Background
Aviation accounts for 3% of global greenhouse gas emissions. Electrification of power and propulsion systems will directly support aviation decarbonisation 
[1]. A significant challenge for these systems is the step change in power ratings (MW to Multi-MW) and the associated high power densities required for 
electrical power system equipment (Fig 1). Carbon fibre reinforced polymer (CFRP) offers significant opportunities for lightweight components. The design of 
multifunctional, CFRP-based components with combined electrical, thermal and structural functionality offers a route to optimise the power density of 
electrical power systems [2]. A challenge to the design of multifunctional CFRP is the need for a multi-functional material selection framework to integrate 
with electrical, thermal and structural system design. 

Research Aim & Objectives
This research presents a novel material selection framework for multifunctional CFRP 
components which conduct electrical current in the electrical power system of an 
aircraft. 
The framework interfaces with the design of the electrical power, thermal and 
structural systems to derive materials requirements. Possible options to fit within the 
design space are identified and subsequently ranked. The framework provides a 
methodology to iterate to electrical power, thermal and structural systems to tune the 
design space to maximise the possibility of finding a viable solution and optimise the 
performance of solutions found.
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Factor CFRP Aluminium

Weight density (g/cm3) [3] ~1.7 ~2.7

Tensile strength (MPa) [3] 2724 483

Electrical conductivity (S/m) 3×104 1.67×107
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Conclusions & Future Work
The presented multifunctional, CFRP-based material selection framework enables:
• Identification of multifunctional composite material that interfaces with electrical, thermal and structural systems.
• Identification of target performance levels of multifunctional CFRP.
Future work includes:
• Investigate the use of multifunctional CFRP to identify limitations and set design space thresholds for multifunctional CFRP design.
• Full exploration of the capabilities of the framework through further case studies.

Assumptions
Structural section: Fuselage
Function: carrying current to 
power the equipment cooling 
fan’s motor
Motor rating: 1KVA
Operating voltage: 270VDC

Allowed voltage drop: 3.5%
CFRP lamination: [0] 
CFRP dimension: 
0.1x0.01x0.004m

Table 1: Comparison of the physical properties of CFRP and aluminium
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Fig 1: State-of-the-art vs. targeted power densities of electrical components [4][5]
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1

10

100

1000

10000

Tensile strength
(MPa)

Compressive
strength (MPa)

Panel in-fibre
electrical

conductivity
(S/m)

Glass transition
temperature (°C)

Capture of material requirements

0

5

Tensile Strength (MPa)

Compressive Strength (MPa)

Electrical Conductivity (S/m)

Tg (˚C)

Down-selected CFRP properties level vs Material Requirements  
[1: At Par, 2: High, 9: Very high] 

Requirement Hexcel IM7-F655 (BMI) Hexply IM7-8552 (Epoxy)
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