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Introduction	
December	15	2009,	Paine	Field,	 Everett	Washington.	More	 than	13,000	employees	of	Boeing	gathered	around	 to	witness	 the	 first	 flight	of	 the	Boeing	787	
Dreamliner	to	Boeing	Field	in	Seattle	[1].	A	milestone	in	aviation	industry,	because	it	was	a	leap	towards	aircrafts	largely	build	from	composite	materials.	Four	
years	later,	on	June	14	2013,	the	Airbus	A350	XWB	took	off	for	the	first	time	from	Toulouse-Blagnac	Airport.	Both	the	787	Dreamliner’s	and	the	A350	XWB’s	
structures	are	mainly	from	composite	material.	The	benefits	of	composites	are	fairly	known;	as	the	AviationFacts	factsheet	on	composite	damage	inspection	[2]	
states:	“Composites	are	lighter,	stronger	and	have	more	design	shape	freedom	than	aluminium.	These	advantages	are	reasons	why	aircraft	manufacturers	use	
more	composite	materials	in	their	aircraft	nowadays.”	However,	the	use	of	composites	also	has	its	downsides,	such	as	intensive	labour	in	detecting	damage	in	
composite	materials	and	repairing	it	[2].	 	On	July	12	2014,	a	Boeing	787	Dreamliner	from	Ethiopian	Air	caught	fire	at	Heathrow	Airport.	In	order	to	bring	the	
aircraft	back	to	service,	a	section	of	the	fuselage	had	to	be	replaced,	because	of	the	inability	to	repair	the	damage	made	by	the	fire.		The	aircraft	was	back	in	
service	two	months	later.	A	problem	with	composite	materials	is	that	the	damage	on	the	outside	is	not	representative	for	the	inner	structure.	This	can	cause	a	
problem	during	the	repair	of	composite	materials.	But	what	damages	occur	in	composite	materials?	To	what	extend	can	they	be	repaired?	And	is	there	a	way	
to	repair	all	damages?	This	factsheet	answers	the	questions	by	explaining	what	types	of	damages	occur	in	aviation	composite	materials,	what	techniques	are	
used	for	repairing	composite	materials	and	what	developments	and	aims	are	toward	new	techniques.	

		 	 	 	

	 	 	 	 	 	
	 	
Figure	1:	First	flight	of	the	B787,	Pain	Field	in	Everett,	Washington,	December	15	 Figure	2:	Damage	due	to	fire	on	the	Boeing	787	Dreamliner	
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What	damages	occur	in	composite	materials?	
“All	 structures	 are	 designed	 for	 a	 purpose”	 [3].	 This	 means	 that	 the	
designer	must	assure	that	the	structure	has	the	characteristics	to	meet	 its	
goals	in	terms	of	strength,	elasticity	and	stiffness.	These	are	the	challenges	
for	 the	 designer,	 regardless	 of	 the	 material	 used.	 The	 designer	 finally	
chooses	a	material	 that	meets	his	needs.	Because	 there	 is	 a	difference	 in	
characteristics	 between	 isotropic	 and	 anisotropic	 (composite)	 materials,	
the	way	they	deform	or	fail	is	also	different.	Also,	composite	materials	are	
recently	 introduced	 as	 the	 main	 material	 used	 for	 aircrafts.	 While	
composite	 applications	 in	 aerospace	 industry	 are	 increasing,	 there	 is	 little	
accuracy	in	failure	prediction	and	damage	analysis	[3].	Composite	materials	
show	 complex	 damage	 characteristics	 when	 loading	 [4].	 Damages	 in	
aviation	 composite	 materials	 are	 caused	 by	 three	 cases:	 fatigue/cycle	
loading,	impact	on	the	material	and	manufacturing	induced	defects.	Fatigue	
is	referred	to	as	states	of	cyclic	stress	[3].	Impact	damage	is	the	contact	of	a	
dynamic	object	with	the	material	[5].	Manufacturing	errors	are	defects	that	
occurs	 during	 the	 processing	 of	 composite	 materials,	 due	 to	 certain	
combinations	of	parameters.	 These	 types	of	damages	will	 first	occur	on	a	
microscopic	 level.	 Eventually	 the	microscopic	 defects	will	 accumulate	 and	
result	 in	 damage	 on	 a	macroscopic	 level,	which	 has	 to	 be	 repaired.	 	 This	
part	of	the	factsheet	starts	by	giving	an	overview	of	the	different	types	of	
damage,	 on	 a	 microscopic	 level,	 with	 their	 characteristics,	 cause	 and	
potential	danger.		
	
Interfacial	debonding	
The	 adhesion	 bond	 at	 the	 interfacial	 surface	 will	 affect	 the	 mechanical	 properties	 on	 a	
macroscopic	 level.	 It	has	an	 important	role	 in	stress	transfer	between	fibre	and	matrix.	De-
bonding	(	
	
	

	
Figure	3)	 is	 caused	when	 the	 interface	 is	weakened,	as	a	 result	of	 fatigue	
loading.	 It	 occurs	 at	 the	 interface	 between	 fibre	 and	 matrix.	 When	 the	
fracture	 strain	 of	 the	 fibre	 is	 greater	 than	 that	 of	 the	matrix,	 a	 crack	will	
occur	at	the	point	of	stress.	 If	the	stress	 is	not	high	enough,	the	crack	will	
be	 retained.	 If	 the	 stress	 is	 too	 high,	 the	 crack	will	 pass	 around	 the	 fibre	
without	 breaking	 the	 adhesion	 bond.	 This	 local	 stress	 starts	 to	 increase	
locally,	 resulting	 in	 a	 deformation	 of	 the	 fibre	 and	 matrix	 as	 the	 load	
increases	[4].	
	
	
	

	
Figure	3	Interfacial	de-bonding	
	
Intralaminar	cracking	
The	properties	of	composites	differ	regarding	the	direction	of	the	material.	
In	 longitudinal	 direction,	 composite	 materials	 offer	 high	 stiffness	 and	
strength.	However	in	transverse	direction,	the	properties	are	generally	low.	
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This	results	in	cracks	along	the	fibres	of	the	material	and	is	the	first	noticed	
in	composite	materials.	These	cracks	can	originate	from	defects	in	laminate	
materials	with	plies,	and	grow	crosses	the	thickness	of	the	ply	and	running	
parallel	 to	 the	 fibres.	 The	 cause	 of	 this	 type	 of	 damage	 are	mostly	 stress	
loading,	 fatigue,	 temperature	 changes	 or	 thermal	 cycling,	 which	 occurs	
during	de-bonding	of	fibres	or	matrices,	or	manufacturing	errors	[5].	
	
Fibre	breakage	
Fibre	breakage	ultimately	occurs	in	the	material	 if	 it	 is	affected	by	fatigue,	
impact	 or	 manufacturing	 induced	 effects.	 The	 failure	 of	 composites	 is	
caused	by	fibres	breaking	 in	the	material.	 Individual	 fibres	will	 fail	at	 their	
weak	points	and	stress	will	be	distributed	between	matrix	and	 fibres.	The	
stress	 is	 then	 transferred	 from	 the	broken	 fibre	by	 the	 interface	between	
fibre	and	matrix	back	to	the	fibre	at	a	certain	distance,	resulting	a	breakage	
of	another	fibre.	The	stress	on	fibres	 is	enhanced	nearby	the	ply	cracks	of	
adjacent	plies	due	to	the	stacking	of	plies	in	a	laminate	[5].		
	
Void	growth	
The	 risk	 of	 defects	 are	 present	 not	 only	 during	 the	 operation	 with	
composite	 materials,	 but	 also	 during	 manufacturing.	 	 These	 defects	 are	
induced	 in	 the	 fibre	 architecture.	 Voids	 are	 cavities	 found	 in	 all	 types	 of	
composite	 materials.	 The	 formation	 of	 voids	 can	 be	 controlled	 by	
controlling	manufacturing	parameters	like	cure1	temperature	and	pressure,	
vacuum	 pressure	 and	 resin	 viscosity.	 Also,	 a	 void	 can	 occur	 during	 the	
impact	 of	 a	 lightning	 strike,	which	 releases	 thermal	 energy.	 Voids	 have	 a	
significant	impact	on	the	material	behaviour,	mainly	the	flexural,	transverse	
and	 shear	 properties	 of	 the	 material	 degrade.	 Voids	 have	 a	 significant	
impact	 on	 the	 behaviour	 of	 the	 material,	 regardless	 the	 volume	 and	
amount.	The	characteristics	of	a	void	(shape,	size	and	distribution)	plays	a	
role	in	material	degradation	[5].		
	

																																																													
1	Curing	is	hardening	and	toughening	of	polymer	materials	such	as	composite	
materials	

	
Figure	4	Void	found	in	composite	materials	
	
Delamination	
Delamination,	 also	 known	 as	 interlaminar	 cracking	 (Figure	 5),	 are	 cracks	
that	occur	 in	 the	 interfacial	plane	between	adjacent	plies	 in	a	 laminate.	 It	
occurs	at	holes	or	at	an	exposed	surface	through	the	thickness.	This	causes	
separation	of	 the	plies.	Delamination	occurs	because	of	different	 reasons.	
One	of	them	is	that	the	laminate	develops	normal	and	shear	stresses	at	the	
surface,	free	of	traction,	causing	local	cracks	in	the	planes.	This	can	also	be	
caused	by	ply	cracks,	which	can	cause	the	separation	of	the	region	between	
two	 adjacent	 ply	 cracks,	 due	 to	 fatigue.	 Another	 cause	 could	 be	 a	 low-
velocity	 impact.	 In	 this	 case,	 the	 surface	 will	 appear	 undamaged,	 while	
delamination	can	occur	within	the	structure.	If	the	crack	is	undetected	and	
the	 structure	 is	 continuously	 loaded,	 the	 cracks	 will	 grow	 even	 larger,	
resulting	that	the	mechanical	properties	of	the	material	will	degrade	which	
can	lead	to	catastrophic	failure	of	the	structure	[5].		

	
Figure	5	Delamination	in	a	composite	material	
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Damages	on	a	macroscopic	level	
Described	 as	 above,	 these	 damages	 occur	 in	 composite	 materials	 on	 a	
microscopic	 level.	 These	 damages	 are	 not	 visible	 for	 the	 human	 eye,	
therefore	 not	 knowing	 	 of	 their	 presence	 if	 the	 material	 is	 not	 being	
inspected.	 However,	 if	 the	 material	 is	 continuously	 being	 used	 for	
operation	 without	 treatment,	 these	 microscopic	 defects	 will	 accumulate	
and	 cause	 damages	 on	 a	 macroscopic	 level.	 These	 damages	 require	
complex	and	 labour	 intensive	repairs,	or	even	replacement	of	a	section	of	
the	 structure.	 This	 to	 prevent	 that	 the	 material	 properties	 will	 degrade	
during	 operation	 and	 create	 a	 hazardous	 situation.	 Damages	 on	 a	
macroscopic	 level	 are	 cracks	 through	 the	 material	 or	 on	 the	 surface,	
scratches	that	removed	layers	of	the	material	and	inclusions.		
	

Repair	techniques	which	are	currently	used	in	the	aviation	
industry	
In	order	to	keep	the	aircraft	airworthy,	damages,	as	described	above,	must	
be	 repaired	 if	necessary	and	possible.	There	are	several	 repair	 techniques	
which	 are	 used	 by	 the	 industry	 at	 the	 moment.	 Different	 aspects	 of	 the	
damage,	 as	 described	 in	 the	 section	 above,	 such	 as	 dimensions	 and	
thickness,	 determine	which	 repair	 technique	 is	 to	 be	 used.	Also,	whether	
the	 repair	 is	 on	 a	 primary	 or	 secondary	 structure	 is	 a	 factor.	 Primary	
structures	are	 those	necessary	 to	sustain	 flight.	A	 few	repair	methods	are	
only	used	as	a	 temporary	solution	until	a	more	permanent	repair	 is	made	
[6].	For	example,	a	cosmetic	filler	can	be	used	to	restore	a	surface	to	keep	
fluids	out.	Another	 solution	 can	be	a	 resin	 injection.	 This	 can	be	effective	
when	 the	delamination	 is	 restricted	between	only	 two	plies.	 The	material	
will	 not	 gain	 much	 more	 strength,	 however,	 it	 does	 slow	 the	 spread	 of	
delamination.	 This	 factsheet	 will	 go	 deeper	 into	 the	 permanent	 types	 of	
repair	methods	for	composites.	
Stepped	co-bonded	repair	
The	 stepped	 co-bonded	 repair	 method	 is	 a	 method	 where	 the	 damaged	
layers	are	removed	in	steps	to	provide	a	landing	for	the	replacement	layers	
[7].	 Co-bonded	 means	 that	 two	 or	 more	 elements	 of	 which	 one	 is	 fully	

cured	and	one	is	uncured	are	cured	together.	After	removing	the	damaged	
layers,	each	repair	 layer	will	then	overlap	its	corresponding	exposed	layer.	
This	means	that	 loads	will	be	distributed	through	the	repair	via	a	 lap	 joint	
into	the	underlying	layers	and	this	could	lead	to	peak	stresses	at	the	edges	
of	each	step.	Furthermore,	it	requires	coordinated	removal	of	the	steps	of	
each	layer	(which	takes	a	lot	of	time),	as	the	underlying	plies	are	not	to	be	
damaged.	On	the	other	hand,	the	repair	surface	will	only	be	slightly	thicker	
than	 originally	 and	 good	 intimate	 bonds	 can	 be	 achieved	 on	 the	 freshly	
exposed	surfaces	[8].	
An	 alternative	 for	 a	 co-bonded	 repair	 can	 be	 a	 secondary	 bond.	 A	
secondary	bond	means	 that	 the	 two	 (or	more)	pre-cured	 repair	 parts	 are	
joined	together	by	adhesive	bonding.	The	only	chemical	or	thermal	reaction	
during	 this	 process	 is	 the	 curing	 of	 the	 adhesive	 itself	 [15].	 This	 method	
requires	 careful	 preparation	 of	 the	 bonding	 surfaces	 of	 each	 previously	
cured	substrate.	Also,	it	usually	requires	that	the	parts	are	very	well	aligned	
which	means	 that	 the	 fixturing	and	clamping	 is	very	 important	during	 the	
process.	
	
Tapered	scarf	repair	
The	idea	of	the	tapered	scarf	repair	is	the	same	as	the	stepped	co-bonded	
repair,	 only	 now	 there	 are	 no	 actual	 ‘steps’	 but	 the	 layers	 are	 exposed	
along	a	gentle	 slope	 [7].	 The	 repair	 layers	will	 lay	over	 the	 corresponding	
exposed	 layers	 along	 this	 angle.	 The	 first	 advantage	 that	 comes	with	 this	
repair	method	is	that	the	removal	of	the	damaged	layers	can	be	done	by	a	
machine,	 for	 example	 a	 drill.	 	 For	 a	 stepped	 repair	 this	 would	 be	 more	
difficult.	With	 both	methods,	 film	 adhesive	 is	 used	 between	 the	material	
and	repair	plies.	Also,	the	loads	are	transferred	directly	through	the	edges	
of	 the	 repair	 plies	 to	 the	 underlying	 structure.	 However,	 tapered	 scarf	
repair	can	be	difficult	to	apply	depending	on	the	repair	configuration	[9].	
Overall,	 the	 tapered	 scarf	 repair	 is	 considered	 to	 be	 an	 easier	 and	 better	
method	than	the	stepped	co-bonded	repair.	
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Figure	6	Scarf	repair	
	
Bolted	Doubler	repair	
A	bolted	doubler	repair	can	be	for	example	stainless	steel	or	titanium.	This	
repair	method	 is	normally	used	 for	metal	 structural	 repairs	and	 therefore	
reserved	 for	 thicker,	 solid	 and	 heavily	 loaded	 composite	 laminate	
structures	 [4,	8].	At	 the	moment	 this	 is	one	of	only	a	 few	repair	methods	
for	 such	 structures.	 It	 is	 quite	 fast	 and	 easy	 compared	 to	 the	 other	 two	
methods.	 However,	 the	 original	 damage	 is	 still	 present	 and	 the	 repair	
method	 simply	 attempts	 to	 direct	 the	 loads	 around	 this	 damage.	
Furthermore,	 when	 the	 doublers	 are	 from	 a	 different	 material	 than	 the	
material	which	 is	 being	 repaired,	 this	may	 lead	 to	 problems	between	 the	
properties	 of	 the	 materials,	 for	 example	 corrosion.	 Therefore	 when	 this	
method	is	used,	the	parts	need	to	be	separated	with	sealant	or	film.		

	
Figure	7	Bolted	patch	repair	
	
Repair	using	pre-cured	doubler	
Some	composite	damages	can	be	repaired	using	pre-cured	doublers.	This	is	
a	 sheet	of	composite	material	made	 from	 layers	of	 fibre-reinforced	epoxy	
that	 has	 been	 cured	 by	 using	 heat	 and	 pressure	 [8].	 A	 patch	 with	 the	
correct	dimensions	is	then	cut	from	the	pre-cured	material	and	bonded	on	
to	 the	 surface	 of	 the	 damaged	 component.	 The	 edges	 are	 chamfered	 to	
increase	 the	peel	off	 strength.	A	major	drawback	 found	 in	 the	 industry	at	
the	moment	 is	 that	 air	 can	 get	 entrapped	 under	 the	 doubler	 which	may	
lead	 to	 a	 weak	 repair.	 This	 can	 be	 improved	 by	 using	 a	 layer	 of	 scrim	
(woven)	cloth	under	the	adhesive	film	to	allow	the	air	to	escape	[8].	
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What	are	the	developments	of	new	techniques	to	repair	
damages	on	composite	materials?	
It	can	be	seen	from	the	previous	part	that	the	current	repair	methods	have	
some	 disadvantages.	 This	 has	 to	 do	 with	 the	 Structural	 Repair	 Manuals	
(SRM).	The	SRM	contains	the	limits	to	what	extent	the	repair	of	a	damage	is	
allowed	 to	 be	 performed.	 This	 is	 related	 to	 the	 ratio	 between	 the	
dimension	of	 the	damage	and	dimension	of	 the	material.	 In	case	 that	 the	
dimensions	 of	 the	 damage	 exceeds	 the	 limits,	 the	 responsible	 company	
must	contact	the	Part-21	organisation	to	come	up	with	a	solution.	Besides,	
there	are	some	other	major	challenges	to	overcome	when	looking	at	both	
the	 safety	 and	 affordability	 viewpoint	 to	 improve	 the	 structural	
maintenance	 and	 repair	 technologies.	 The	 repair	 of	 composite	 materials	
need	 accurate	 processing	 techniques	 and	 trained	 technicians	 to	 precisely	
implement	standard	procedures	(e.g.	structural	repair	manuals).	Improving	
repair	of	commercial	aircraft	composite	structures	and	components	 is	 the	
goal	 of	 the	 Commercial	 Aircraft	 Composite	 Repair	 Committee	 (CACRC).	
EASA	 makes	 sure	 that	 the	 standardization	 of	 the	 repair	 processes	 are	
conducted	 in	 a	 proper	 manner.	 Current	 research	 activities	 focuses	 on	
bonded	 composite	 repair	 and	 have	 globally	 gained	 the	 attention	 in	 the	
composite	 industry	as	well	as	 in	academia	 [10].	 This	part	of	 the	 factsheet	
reviews	 developments	 of	 the	 material	 removal,	 surface	 preparation,	 the	
environmental	conditions	and	the	current	focus.		
	
Machining	
When	 a	 damage	 is	 found	 and	 assessed,	 this	 region	 must	 be	 machined	
accurately	to	remove	material	and	to	taper	edges	for	implementing	bonded	
scarf	 repairs.	 But	 composite	 materials	 react	 very	 different	 and	 not	 as	
predictable	as	metals	[11].	So	machining/scarfing,	in	this	case	the	material	
removal,	 is	 complex	 and	 thus	 a	 key	 process	 in	 bonded	 scarf	 repairs.	
According	to	[12],	the	quality	and	accuracy	of	the	machined	region	largely	
depend	 on	 the	 skills	 of	 a	 repair	 technician.	 Conventional	 machining	
techniques	are	not	ideal	because	of	the	applied	machining	forces	and	tool	
generated	heat	which	could	lead	to	material	damage.	However	this	process	
has	 some	 opportunities	 to	 improve	 with	 the	 help	 of	 non-traditional	

machining	 approaches	 such	 as	 pulse-laser	 and	 abrasive-waterjet	 based	
techniques.		
	
The	pulse-laser	approach	offers	very	accurate	damage	removal	and	scarfing	
of	 composites.	 Besides,	 the	machinability	 is	 not	 affected	 by	 the	material	
strength	and	hardness	 and	 thus	 laser	machining	 can	be	advantageous	 for	
heterogeneous	materials	such	as	composites.	Complex	shapes	can	also	be	
machined	more	 easily	 because	 it	 is	 a	 non-contact	machining	 process,	 the	
pulse-laser	machine	does	not	touch	the	material	surface.	But	on	the	other	
hand	a	computer-controlled	laser	machining	system	is	required	to	machine	
designed	 scarf	 angles	 and	 shapes	 to	 overcome	 disadvantages	 like	 large	
heat-affected	 zones	 (HAZ)	 and	 health	 risks	 [10].	 The	 abrasive-waterjet	
based	 technique	uses	a	waterjet	 in	combination	with	abrasive	particles	at	
high	speed.	This	waterjet	pumps	water	with	high	pressure	through	a	nozzle	
to	form	a	coherent	stream	flowing	at	high	speed,	which	achieves	geometric	
accuracy	to	machine	composite	materials	(Momber	&	Kovacevic,	as	cited	in	
Katman	 et	 al,	 2013).	 Again	 this	 technique	 provides	 accurate	 damaged	
region	removal,	but	it	also	eliminates	the	issue	of	heat-affected-zones	and	
tool	 wear.	 Further	 it	 is	 environmental	 friendly	 [13]	 and	 eliminates	 toxic	
fumes.	 But	 for	 on-aircraft	 bonded	 repair	 these	 abrasive	waterjet	 systems	
requires	a	complex	setup	and	could	also	be	expensive.	
	
Surface	treatment	
Surface	 treatment	 is	 the	 process	 of	 cleaning	 and	 preparation	 of	 the	
material	 prior	 to	 bonding	 and	 is	 crucial	 for	 strong	 adhesion	 between	 the	
fibre	 and	matrix	 phases.	 There	 is	 not	 a	 single	 theory	 or	 mechanism	 that	
explains	 the	 chemical	 and	physical	manifestations	of	 the	adhesion	and	 so	
this	 principle	 is	 not	 fully	 understood	 yet	 [14].	 A	 misconception	 about	
adhesion	 for	 example	 is	 that	 a	 clean	 surface	 is	 the	 only	 requirement	 for	
better	adhesion.	However,	a	surface	treatment	has	to	modify	the	physical	
and	 chemical	 properties	 of	 the	 surface,	 increase	 the	 surface	 energy	 and	
remove	contaminants	and	weak	boundary	layers	(Fourche	and	Wingfeld,	as	
cited	 in	 Katman	 et	 al,	 2013).	 These	 requirements	 will	 lead	 to	 a	 stronger	
bonding	 and	 it	 improves	 structural	 performance.	 Current	 surface	
treatments	are	not	 ideal,	because	they	could	adversely	affect	the	bonding	
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properties.	 Advanced	 surface	 treatments	 like	 atmospheric	 plasma	 and	
pulsed	 laser	 ablation	 are	 possible	 ways	 to	 improve	 these	 bonding	
properties.		
	
Plasma	 treatment	 in	 de	 first	 place	 exposes	 the	 polymer	 surface	 to	 low	
pressure	plasma	or	atmospheric	plasma	which	consists	of	charged	particles.	
This	plasma	modifies	the	surface	properties	and	 improves	the	adhesion	 in	
composite	bonded	 joints.	But	these	treatments	require	expensive	systems	
in	 comparison	 to	 the	 conventional	 surface	 treatments	 (abrasion	 cleaning,	
grit	blasting	etc.).	 In	the	second	place	there	 is	the	opportunity	to	 improve	
the	 chemical	 and	 physical	 properties	 by	 the	 application	 of	 a	 laser	
treatment.	 As	 discussed	 before,	 lasers	 provide	 a	 controlled	 non-contact	
process	 and	 provide	 opportunities	 for	 uniformity,	 repeatability	 and	
automation	[10].	Again	this	process	is	very	complex	and	requires	expensive	
systems.	But	think	about	the	opportunity	to	use	a	laser	for	damage	removal	
and	surface	preparation;	that	would	be	one	big	step	forward.	
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Environmental	conditions	
A	 very	 important	 factor	 during	 the	 repair	 of	 composite	 materials	 are	
controlled	curing	conditions.	Applying	the	right	temperature,	pressure	and	
vacuum	 conditions	 is	 essential	 to	 the	 curing	 process	 and	 to	 ensure	 good	
compaction	of	the	laminate	plies	[10].	Without	controlling	these	conditions	
the	molecular	structure	can	be	changed,	more	porosity	could	arise	and	this	
can	 lead	 to	 inadequate	 consolidation	 of	 the	 composite	 material	 which	
affects	the	mechanical	properties.	One	of	the	current	developments	is	that	
composite	 repair	companies	 like	Airborne	Services	design	a	clean	room	 in	
which	 the	 temperature,	 pressure	 and	humidity	 is	 kept	 constant.	 Airborne	
Services,	 located	 at	 the	 Main	 Support	 Base	 Woensdrecht,	 currently	
maintains	 the	rotor	blades	of	 the	helicopter	 fleet	of	 the	Royal	Netherland	
Air	 Force.	 They	 are	 building	 a	 fixed	 clean	 room	 that	 filters	 the	 air	 and	
applies	climate	control.	These	clean	rooms	are	already	applied	more	often	
during	the	manufacturing	processes	of	new	products,	but	repair	companies	
are	using	it	more	and	more	to	improve	the	quality	of	their	repair	processes	
as	well.	
	
The	current	focus	
Current	 developments	 are	 focusing	 more	 on	 the	 whole	 repair	 process	
instead	 of	 new	 repair	 methods	 as	 displayed	 in	 this	 factsheet.	 Realizing	
optimizations	 of	 the	 current	 repair	 processes,	 like	 machining,	 surface	
preparation	 and	 the	 environmental	 conditions	 is	 easier	 to	 conduct	 than	
implementing	 whole	 new	 repair	 methods,	 because	 of	 the	 strict	 aviation	
regulations.	Companies	are	also	more	interested	in	well	trained	personnel,	
because	human	factors	are	a	crucial	factor	in	the	repair	process.	So	another	
focusing	 point	 is	 the	 training	 of	 personnel	 to	 the	 required	 level	 for	
conducting	the	repair	of	composite	materials	in	a	proper	way.			
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Dutch	summary	
Composieten	zijn	in	de	loop	der	tijd	geïntroduceerd	als	het	hoofdmateriaal	
voor	 nieuwe	 vliegtuigen,	 zoals	 de	 Boeing	 787	 Dreamliner	 en	 de	 Airbus	
A350.	Composieten	hebben	in	vergelijking	met	de	huidig	gebruikte	metalen	
zoals	aluminium	betere	eigenschappen	zoals	meer	 sterkte	en	 stijfheid	 ten	
opzichte	van	hun	soortelijke	gewicht.	Echter,	composieten	hebben	andere	
soorten	schade	die	bepaalde	reparaties	niet	mogelijk	maken.	Deze	schade	
ontstaat	 door	 vermoeiing	 van	 het	 materiaal	 tijdens	 operatie,	 zoals	 een	
botsing	met	voorwerpen,	en	tijdens	fabricage.	De	soorten	schades	ontstaan	
op	microscopische	schaal	zoals	het	ontbinden	van	de	 interface,	scheurtjes	
in	 transverse	 richting	en	 in	de	 vezels,	 inclusies	 en	delaminatie.	 Indien	het	
materiaal	 nog	 steeds	 wordt	 gebruikt	 voor	 operatie,	 dan	 zullen	 deze	
microscopische	 defecten	 uitgroeien	 naar	 macroscopische	 defecten	 zoals	
het	verdwijnen	van	 lagen	 in	het	materiaal,	scheurtjes	die	zichtbaar	zijn	op	
het	oppervlak	en	 inclusies.	Hiervoor	zijn	verschillende	reparatietechnieken	
ontwikkeld	die	uitgevoerd	worden	om	de	luchtwaardigheid	te	waarborgen.	
Welke	 technieken	 er	 worden	 gebruikt	 hangt	 af	 van	 de	 dimensie	 van	 de	
schade	 en	 of	 het	 beschadigde	 materiaal	 een	 deel	 van	 de	 primaire	 of	
secundaire	 structuur	 is.	 Daarnaast	 moeten	 de	 reparaties	 in	 accurate	
processen	worden	uitgewerkt	met	behulp	van	verschillende	handleidingen	
en	door	getraind	personeel.	De	huidige	 reparatietechnieken	hebben	 ieder	
hun	 beperkingen	 en	 dat	 zorgt	 er	 voor	 dat	 niet	 alle	 schades	 gerepareerd	
kunnen	 worden.	 Tot	 hoever	 een	 materiaal	 met	 een	 specifieke	 schade	
gerepareerd	mag	worden,	staat	beschreven	in	de	Structural	Repair	Manual.		
	
Het	doel	van	de	Commercial	Aircraft	Composite	Repair	Committee	(CACRC)	
is	het	verbeteren	van	nieuwe	reparatietechnieken,	zoals	het	gebruiken	van	
een	extra	composieten	plaat	als	afdichting.	Daarnaast	wordt	gekeken	naar	
niet	 conventionele	 machining	 methodes,	 die	 minder	 warmte	 creëren	 en	
nauwkeuriger	zijn.	Ook	zijn	er	bedrijven	die	op	dit	moment	werken	aan	het	

verbeteren	 van	 de	 oppervlaktebehandelingen.	 Bij	 de	 	 reparatie	 speelt	
tegenwoordig	de	omgeving	 tevens	steeds	een	grotere	 rol.	Zo	wordt	er	op	
dit	moment	bij	Airborne	Services	op	Woensdrecht	een	cleanroom	ingericht	
om	 de	 condities	 tijdens	 de	 reparatie	 onder	 controle	 te	 houden	 en	 zo	 de	
moleculaire	 structuur	 van	 de	 composietmaterialen	 te	 waarborgen.	 Als	
laatst	 zorgt	 de	 European	 Aviation	 Safety	 Agency	 (EASA)	 er	 voor	 dat	 de	
reparatieprocessen	 worden	 gestandaardiseerd.	 De	 huidige	 focus	 bij	
bedrijven	 ligt	 op	 het	 complete	 proces,	 vanwege	 de	 strikte	 regelgeving	
omtrent	nieuwe	apparatuur	en	methodes.	
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