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Introduction	
In	2012,	during	one	of	the	record	jet	fuel	price	peaks,	fuel	accounted	for	34%	of	an	airline’s	direct	operating	costs,	making	it	the	dominant	cost.	As	a	result	of	
the	 fuel	price	decrease	over	 the	 last	 two	years,	 fuel	accounted	 for	 just	21%	of	direct	operating	costs	 in	2016.1	However,	 fuel	 is	 still	 a	major	 cost	driver	 for	
airlines,	and	the	behaviour	of	its	price	development	is	relatively	unknown.	Therefore,	aeroengine	manufacturers	have	continually	developed	increasingly	fuel-
efficient	engines.	This	has	 resulted	 in	a	35%	reduction	 in	average	 fuel	burn	per	aircraft	seat/km	for	single-aisle	 jets	since	1980.2	One	of	 the	most	 important	
factors	 leading	 to	 more	 fuel-efficient	 engines	 is	 the	 increased	 replacement	 of	 metals	 with	 composite	 parts	 in	 various	 engine	 sections.	 Aeroengine	
manufacturers	are	currently	developing	different	 types	of	composite-based	engines,	and	although	composites	are	 relatively	new	and	unknown,	 their	use	 in	
engine	sections	is	continuing	to	grow	–	the	market	has	nearly	tripled	since	2005.2	The	use	of	composites	has	many	advantages.	Composites	are	lighter,	stronger	
and	have	more	design	shape	freedom	than	metals.3	Using	these	lightweight	composite	materials	therefore	improves	the	efficiency	and	durability	of	the	engine	
components.4	 However,	 despite	 this	 increased	 efficiency,	 composites	 have	 disadvantages	 as	 well.	 They	 are	 susceptible	 to	 a	 variety	 of	 hidden	 damages	
detectable	only	by	advanced	maintenance	techniques,	and	their	failure	rate	under	high	temperatures	(e.g.	in	high-pressure	turbines)	is	relatively	unknown.	To	
look	 at	 the	 impact	 of	 composites,	 this	 factsheet	 also	 focuses	 on	 the	 largest	 consumers	 of	 these	 engine	 components:	 CFM	 International	 and	 GE	 (General	
Electric)	Aviation.	These	 two	aeroengine	manufacturers	have	 recently	 created	a	new	 type	of	engine	with	a	 large	number	of	 composite	parts	 for	 the	Airbus	
A320NEO	(New	Engine	Option)	and	Boeing	737MAX.	The	only	sections	in	which	composites	are	not	used	yet	are	the	combustor	and	low-pressure	turbine.	The	
fan	section	of	 the	engine	contains	the	highest	amount	of	composite	materials.	Figure	1	 illustrates	the	different	sections	of	a	turbofan	engine,	while	Table	1	
depicts	the	application	of	composite	parts	in	these	sections.		

 
Figure 1. Different sections of a turbofan engine (Bremer, M. 2013).                                                                      Table 1. Typical applications of composites in turbofan engines (Red, C. 2015).
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Composites	
A	 composite	material	 is	 a	 combination	 of	 two	 or	more	 distinct	materials	
with	a	recognizable	interface	between	them.	One	or	more	of	the	materials	
–	called	the	reinforcing	phase	–	are	in	the	form	of	fibres	embedded	in	the	
other	 material	 –	 called	 the	 matrix	 –	 as	 depicted	 in	 Figure	 2.5	 This	
combination	creates	higher	mechanical	and	physical	material	properties	in	
comparison	 to	 only	 one	 of	 these	 materials.	 Composite	 components	 are	
selected	so	that	they	maximise	their	outstanding	properties.6	

	
CFRP	 (carbon	 fibre	 reinforced	 polymer	 –	 carbon	 fibres	 embedded	 in	 a	
polymer	resin	matrix)	and	CMC	(ceramic	matrix	components	–	carbon	fibres	
embedded	 in	 a	 ceramic	 matrix)	 are	 mainly	 used	 for	 components	 in	 a	
turbofan	engine.	This	fact	sheet	therefore	focuses	on	these	materials.	

	

	

Advantages	and	disadvantages	of	composites	
Carbon	and	ceramic	fibres	bring	significant	advantages.	They	are	very	light,	
resulting	in	lightweight	structures.	Their	thermal	expansion	is	basically	zero,	
so	that	CFRP	and	CMC	retain	their	 its	basic	form	when	heated7,8.	CMC	can	
resist	 very	 high	 temperatures	 (1300	 Celsius)9,	 and	 composite	 structures	
suffer	 from	 fewer	 fatigue	 issues	 than	 metals	 when	 designed	 and	
dimensioned	 properly.	 Finally,	 CFRP	 is	 permeable	 to	 X-rays	 and	 does	 not	
corrode,	which	is	a	huge	issue	with	metals.7,8	
	 	
Composites	 also	 have	 disadvantages.	 For	 instance,	 they	 are	 are	 fairly	
expensive	 compared	 to	 other	 fibres.	 Carbon	 fibre	 is	 also	 an	 electric	
conductor	 and	 can	 cause	 corrosion	 in	 other	 metals.	 When	 the	 material	
breaks,	 the	 parts	 disintegrate	 –	 which	 can	 lead	 to	 unpredictable	results.	
Finally,	the	manufacturing	process	for	composite	components	can	be	more	
labour-intensive	 than	 for	metallic	 parts.7,8	 Figure	 3	 shows	 the	 advantages	
and	disadvantages	of	CFRP	and	CMC	for	use	in	aeroengines	as	opposed	to	
the	traditional	metal	structures.	

	
	

	

	 Figure 3. Advantages vs Disadvantages of composites Figure 2. Structure of a composite. (Bavan, D. 2013) 
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The	increased	use	of	composites	in	commercial	aircraft	engines	
The	application	of	composites	in	commercial	aircraft	engines	was	relatively	
limited	up	to	the	turn	of	the	century.	More	than	half	of	the	total	composite	
volume	 was	 directly	 associated	 with	 nacelle	 (the	 housing	 that	 holds	 the	
engine	 to	 the	aircraft)	and	cowling	components.2	However,	 increased	 fuel	
prices	led	aeroengine	manufacturers	to	create	more	fuel-efficient	engines,	
with	 weight	 playing	 an	 important	 role.	 As	 composites	 are	 lighter	 than	
metals,	engine	manufacturers	focused	on	creating	composite	engine	parts.	
GE’s	 GE90	 engine	 entered	 into	 service	 in	 1995,	 and	 applied	 many	 more	
advanced	 materials	 and	 resin	 transfer	 moulding	 (RTM)	 processing	 to	
introduce	a	number	of	new	composite	 components	 –	most	notably,	 large	
fan	 blades	made	 from	hundreds	 of	 plies	 of	 intermediate-modulus	 carbon	
fibre	 prepreg.2	 Since	 then,	 composites	 have	 continued	 to	 account	 for	 an	
increasing	 share	 turbofans,	with	a	 commensurate	 reduction	 in	dry	weight	
(Figure	4).		

	
Figure 4. Turbofan Engine Composite Usage vs. Engine Dry Weight (the blue dots represent different engine 

types). (Red, C. 2015). 

 

Aeroengine	manufacturers	
Many	 aeroengine	 manufacturers	 have	 significant	 in-house	 composite	
manufacturing	 capacity.	 GE	 Aviation,	 for	 example,	 has	 US	 facilities	 in	
Batesville,	MS;	Newark,	DE;	Baltimore,	MD;	Asheville,	NC;	and	Ellisville,	MS,	
as	 well	 as	 joint-venture	 subsidiaries.	 Rolls-Royce	 has	 purchased	 a	 large	
number	of	small	fibre-placement	machines	for	the	production	of	composite	
fan	blades	for	their	upcoming	engine	platforms.2	

	
CFM	 International	and	GE	Aviation	are	currently	 the	 largest	 consumers	of	
composite	 engine	 components	 –	 together,	 they	 represent	 about	 72%	 of	
total	aeroengine	composite	demand.	Over	the	next	several	years,	however,	
Rolls-Royce’s	 Trent	 and	 Pratt	 &	Whitney’s	 PurePower	 engine	 families	 are	
expected	 to	 account	 for	 a	 considerable	 portion	 of	 the	 remaining	 28%						
(Figure	5).2	

	
Figure 5. Consumers of composite engine components. (Red, C. 2015). 

	
The	 next	 section	 will	 discuss	 two	 engines	 developed	 by	 the	 largest	
composite-based	 aeroengine	 manufacturers:	 CFM	 International	 and	 GE	
Aviation.	

72%	

28%	

Consumers	of	composite	engine	
components		

CFM	Internafonal	&	GE	
Aviafon		

Rolls-Royce’s	Trent	and	
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families	&	Other	
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CFM	International	LEAP	–	1A	&	General	Electric	Passport	
The	 LEAP	 –	 1A	 engine,	manufactured	 by	 CFM	 international,	 entered	 into	
service	 in	 August	 of	 2016.10	 One	 of	 the	 differences	 of	 the	 LEAP	 engine	
compared	to	its	predecessor	(the	CFM56)	is	an	increased	use	of	composite	
materials.	 The	 LEAP	 therefore	 delivers	 a	 15%	 improvement	 in	 fuel	
consumption	compared	to	the	CFM56,	while	maintaining	the	same	level	of	
dispatch	reliability	and	life-cycle	maintenance	costs.4	
	
The	 LEAP	 engine’s	 fan	 blades	 are	 manufactured	 from	 a	 3-D	 woven	 RTM	
carbon	fibre	composite,	which	is	an	industry	first	for	CFM.	This	technology	
results	 in	fan	blades	that	are	not	only	 lightweight	but	also	so	durable	that	
each	 individual	 blade	 is	 strong	 enough	 to	 support	 the	 weight	 of	 a	 wide-
body	 airplane	 such	 as	 the	Airbus	 A350	 or	 the	 Boeing	 787.4	 The	 LEAP	
engine’s	 basic	 architecture	 is	 based	 on	 the	 GEnx	 (General	 Electric	 next-
generation)	engine,	which	also	has	carbon	fibre	fan	blades	and	a	composite	
fan	case	(used	by	the	new	Boeing	747-8	and	787	aircraft).	The	LEAP	engine	
also	 uses	 CMC	materials	 in	 its	 high-pressure	 turbine	 shrouds	 in	 order	 to	
reduce	weight	and	optimize	airflow	cooling.11	

	
The	Airbus	A320NEO	and	the	Boeing	737MAX	are	the	first	airplanes	to	use	
LEAP	 engines.	 However,	 the	 LEAP	 engine	 has	 now	 attracted	 more	 than	
5000	orders	and	it	is	expected	that	this	amount	will	continue	to	grow.12	

	
The	General	 Electric	 Passport	 engine	 is	 currently	 under	 development	 and	
uses	composite	parts	similar	to	those	used	in	LEAP	engines.	The	engine	will	
be	used	for	 large	business	and	regional	 jets.13	 It	has	a	composite	fan	case,	
and	CMC	materials	will	be	used	in	the	exhaust,	centre-body	and	core	cowls.	

These	advantages	will	enhance	durability	and	lower	fuel	consumption.14	
	

	

	

	

Conclusion	and	research	on	the	future	of	composites	
The	advantages	of	using	composite	materials	in	aeroengines	are	clear:	they		
reduce	weight,	which	enables	airplanes	to	fly	further	on	less	fuel,	and	they	
have	an	increased	ability	to	resist	fatigue	and	corrosion.		
	
In	the	future,	the	use	of	composites	could	include	the	ability	to	protect	the	
engine	against	lightning.	Researchers	are	currently	developing	a	composite	
coating	that	could	add	this	positive	feature	to	aircraft	engines.15	
	
A	higher	engine	bypass	ratio	(BPR)	results	in	better	fuel	efficiency.	CFRP	has	
increasingly	been	used	in	aeroengines,	doubling	BPR	since	1970.16	Because	
of	the	material	properties	of	CFRP,	future	turbofans	can	have	a	higher	size	
of	 the	 air-delivering	 turbofan.	 So	 the	 use	 of	 composite	 material	 in	
aeroengines	 will	 contribute	 to	 more	 efficient	 engines.	 CFRPs	 will	 also	 be	
used	in	fan	cases	to	prevent	damage	elsewhere	in	the	aircraft	if	a	fan	blade	
‘shoots	off’	during	operation.16	

	
An	 exciting	 new	 opportunity	 in	 composite	manufacturing	 is	 the	 ability	 to	
use	 3D	 printing	 techniques	 to	 produce	 aeroengine	 parts.	 Advanced	 3D	
printing	can	create	the	required	shapes	that	cannot	be	produced	any	other	
way.	It	can	also	reduce	the	number	of	parts	used	in	an	engine	and	eliminate	
the	need	 to	 screw	connect	pieces	 together.	 Engine	 sections	 that	 are	now	
made	out	of	several	parts	could	be	reduced	to	one.	
	
Developments	in	composites	will	increase	their	share	of	the	estimated	USD	
3	million	market	in	aircraft	engine	development	between	now	and	2030.16	
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Glossary	
• Direct	operating	costs:	 the	 total	of	 flight	operations	costs	 (flight	crew	

salaries	and	expenses,	aircraft	fuel	and	oils,	aircraft	insurances,	aircraft	
rentals,	flight	crew	training	and	other	flight	expenses).	

	
• Turbofan	engine:	a	type	of	by-pass	engine	in	which	a	large	fan,	driven	

by	 a	 turbine	 and	housed	 in	 a	 short	 duct,	 forces	 air	 rearwards	 around	
the	exhaust	gases	in	order	to	increase	the	propulsive	thrust.	

	
• Spinner	cone:	the	conical	part	of	an	aeroengine	set	 in	front	of	the	fan	

blades	mounting	point	to	improve	aerodynamics.	
	
• Fan	blade:	the	flat	surface	that	rotates	and	pushes	against	air	or	water.	
	
• Bypass	 duct:	 an	 annular	 passage	 that	 allows	 some	 of	 a	 turbofan's	

airflow	to	bypass	the	engine	core.	
	
• Stator	 vane:	 a	 stationary	 airfoil	 that	 reduces	 the	 rotational	 air	

movement	coming	from	the	spinning	fan	blades.	
	
• Guide	vane:	a	fixed	airfoil	that	directs	air,	gas	or	water	into	the	moving	

blades	of	a	turbine	or	into/around	bends	in	ducts	with	a	minimum	loss	
of	energy.	

	
• Exhaust	nozzle:	the	terminal	portion	of	the	tail	pipe	of	a	jet	engine.	
	
• Fibre:	a	thin	thread	of	natural	or	artificial	material	that	can	be	used	to	

make	cloth,	paper,	etc.	
	
• Matrix:	material	in	which	something	is	enclosed	or	embedded.	
	
• Resin	 Transfer	 Molding	 (RTM):	 an	 increasingly	 common	 form	 of	

moulding,	using	liquid	composites.	
	

• Prepreg:	 the	common	term	for	a	 reinforcing	 fabric	 that	has	been	pre-
impregnated	with	a	resin	system.	

	
• Engine	bypass	ratio	(BPR):	the	ratio	of	the	amount	of	air	that	bypasses	

the	 combustion	 chambers	 of	 an	 aircraft	 gas	 turbine	 to	 that	 passing	
through	them.	
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Dutch	Summary	
Deze	factsheet	geeft	inzicht	in	de	wereld	van	de	composieten.	Composieten	
worden	gebruikt	in	de	luchtvaart	om	gewicht	te	besparen	ten	opzichte	van	
originele	materialen	zoals	metalen.	Dit	komt	omdat	vliegtransport	erg	duur	
is,	wat	voornamelijk	de	oorzaak	is	van	de	hoge	brandstofprijzen.	Mede	door	
gewichtsreductie	 kunnen	vliegtuigen	die	meer	 composiet	bevatten	 verder	
vliegen.	 Daarnaast	 zijn	 composieten	 minder	 tot	 niet	 vatbaar	 voor	
vermoeiing	 en	 corosie.	 Composiet	 materiaal	 bestaat	 uit	 verschillende	
“lagen”.	 Deze	 lagen	 bestaan	 uit	 verschillende	 materialen	 die,	 wanneer	
samengevoegd	 een	 nieuw	 composiet	 bewerkstelligen.	 Hierbij	 is	 het	 doel	
om	de	positieve	kenmerken	en	kwaliteiten	van	beide	materialen	 in	elkaar	
naar	boven	te	halen.	De	laatste	jaren	is	het	gebruik	van	composieten	hard	
gestegen.	 Ook	 in	 vliegtuigmotoren	 is	 deze	 trend	 te	 vinden	 	 en	 worden	
composieten	 veelvoudig	 gebruikt.	 CFM	 International	 en	 GE	 Aviation	 (de	
zogeheten	 LEAP	 Engine)	 zijn	 momenteel	 marktleider	 wat	 betreft	 het	
gebruik	van	composieten	in	de	vliegtuigmotoren.		Toch	is	deze	applicatie	bij	
vrijwel	elke	fabrikant	terug	te	vinden	door	eerdergenoemde	voordelen.	Een	
van	 de	 interessantste	 ontwikkeling	 om	 te	 volgen	 is	 het	 3D	 printen	 van	
composiet,	 wat	 voor	 velen	 voordelen	 zorgt	 in	 het	 productieproces	 van	
vliegtuigmotoren.	
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