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Welcome

Dear colleague,

It is a pleasure for me to invite you to participate in the 9th International Symposium on Fretting 

Fatigue (ISFF9) to be held in the city of Seville (Spain) from April 1st to 3rd, 2019.

The objective of this symposium is to share the latest developments in the f ield of fretting  

fatigue/wear by scientists and engineers from all over the world. This is the 9th edition in a series of 

successful symposiums dedicated to this topic held every three years. The main topics of the 

ISFF9 are the following:

• Experimental results in fretting fatigue/wear

• Theories and mechanisms of fretting fatigue/wear

• Modelling in fretting fatigue/wear

• Applications and case studies

• Palliatives against fretting fatigue/wear

Also, different types of points of view should contribute to the conference, from academic and 

industrial practitioners, building a bridge between these areas of expertise.
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ABSTRACT.	 Coatings	 based	 on	 CoMoCrSi	 alloys	 are	 commonly	 applied	 on	 the	 damping	 surfaces	 of	
turbine	blades,	particularly	in	aero	engines.	The	reason	is	the	mitigation	of	the	wear.	If	severe	wear	
occur,	 the	effectiveness	of	 the	damping	effect	could	be	decreased.	Therefore,	 the	vibration	 increase	
and	the	life	of	blade	decrease.	These	mating	surfaces	are	usually	stressed	with	reciprocating	relative	
displacement	 in	dry	condition	with	 low	amplitude.	 In	other	word,	 the	damping	surfaces	are	usually	
fretted.	 This	 study	 investigates	 the	 wear	 mechanism	 at	 the	 contact	 damping	 interfaces	 coated	 by	
Tribaloy®	T-800.	
	

The	methodology	was	based	on	 a	wide	 experimental	 tests	 campaign	performed	with	point	 contact	
test	rig	[1].	A	peculiarity	of	this	rig	is	that	relative	displacement	measurements	are	not	affected	by	the	
test	rig	compliance	affects,	 [2],[3].	 In	other	words,	 there	 is	no	difference	between	imposed	and	real	
displacement	amplitude.	Nine	sets	of	experimental	parameters	was	analyzed	at	 three	 temperatures	
(Room	Temperature,	600	and	800°C),	 two	normal	 loads	 (12	and	32	N),	 three	 strokes	 (30,	60,	150	
micrometers)	 and	 durations	 of	 3,	 5,	 10,	 15	 M-cycles.	 Friction	 coefficient	 was	 computed	 using	 the	
hysteresis	 loops	 measured	 during	 the	 wear	 test.	 The	 worn	 surfaces	 were	 measured	 by	 optical	
instrument	based	on	focus	variation.	Wear	volumes	were	accurately	computed	with	a	procedure	that	
takes	 in	 to	 account	 the	 roughness	 of	 the	 surfaces	 [4].	 The	wear	 groove	was	 observed	 by	 scanning	
electron	microscopy	(SEM)	at	end	of	the	test.	

	

At	RT	the	friction	coefficient	was	substantially	independent	from	the	normal	load,	Figure	1.	The	wear	
rate	 at	 room	 temperature	ware	higher	 than	 at	 high	 temperature	 (600,	 800	 °C),	 Figure	2.	 The	 SEM	
observation	of	the	worn	surfaces	reveals	a	morphology	of	the	wear	scar	that	was	completely	covered	
with	brittle	cracks	in	each	sample.	The	damage	propagation	change	from	brittle	(at	RT)	to	ductile	(at	
high	temperature)	and	shows	a	different	damage	mechanism.	In	contrast	with	relation	between	wear	
volume	 and	 number	 of	wear	 cycles,	 the	 relation	 between	wear	 volume	 and	 energy	 dissipated	was	
independent	from	normal	load.	
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. 	

	
	

Figure	1:	Illustration	how	the	rheological	properties	of	debris	layer	(quantified	using	high	
temperature	micro	pilar	investigations)		is	explaining	the	transition	from	high	wear	rate	T<	TGL		

(brittle	properties	of	debris	layer)	to	very	low	wear	rate	T>TGL	(ductile	properties	of	debris	layer).	
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Characterization	 of	 the	 Fretting	 Fatigue	 Damage	 of	
Stainless	Steel	at	High	Temperature	
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Mechanical	Engineering	Department,	McGill	University	
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Montreal,	QC,	Canada		
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KEYWORDS.	 Fretting	 fatigue.	 Stainless	 steel.	 Steam	 environment.	 High	 temperature.	 Fractographic	
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ABSTRACT.		

Fretting	is	the	damage	that	occurs	when	two	surfaces	are	in	contact	and	subject	to	oscillatory	tangential	
movement.	 	 This	 damage	 results	 in	 a	 deterioration	 of	 surface	 quality	 and	 frequently	 produces	 a	
substantial	 decrease	 in	 the	 fatigue	 strength	 of	 the	 material.	 The	 latter	 is	 mainly	 attributed	 to	 the	
addition	of	alternating	frictional	stresses,	and	the	continuous	destruction	of	the	protective	surface	film.	
A	comprehensive	analysis	of	the	fretting	wear	and	fretting	fatigue	mechanisms,	their	dependence	on	
various	process	parameters,	and	the	test	methods	and	equipment	is	given	in	references	[1-3].	It	has	
been	recognized	that	fretting	fatigue	is	a	serious	problem	in	steam	turbines,	which	operate	at	elevated	
temperatures	under	increasingly	severe	conditions	caused	by	higher	demands	in	power	and	efficiency	
[4-7].	Fretting	fatigue	of	stainless	steels	has	been	investigated	by	a	number	of	researchers	to	establish	
of	process	variables	on	fretting	life	[8,	9]	and	to	improve	fatigue	life	through	surface	nanostructuring	
[10],	plasma	nitriding	[11]	and	surface	shot	peening	[12].		
	
Tests	were	conducted	to	establish	the	plain-	and	fretting-fatigue	S-N	curves	of	stainless	steel-403	in	air	
at	room	temperature	and	in	steam	at	300oC.	Analysis	of	the	test	results	showed	that	the	increase	in	the	
temperature	and	the	presence	of	steam	environment	have	insignificant	effect	on	the	plain	fatigue	S-N	
curve.	Only	10%	reduction	in	the	fatigue	strength	has	been	observed.	However,	the	presence	of	the	
fretting	action,	in	superheated	steam	environment	resulted	in	a	significant	drop	in	the	fatigue	strength	
by	more	than	70%	due	to	acceleration	in	both	mechanisms	of	crack	initiation	and	crack	propagation.			
	
A	fractographic	analysis	of	the	fracture	surface	in	plain-	and	fretting-fatigue	testing	of	stainless	steel-
403	has	been	analyzed	to	provide	information	regarding:	(a)	the	state	of	stress	that	caused	the	material	
fracture,	and	(b)	the	crack	origin,	and	the	fracture	sequencing	and	progress.	Examination	of	the	fretting	
wear	damage	indicated	that	a	gross	macro-slip	occurred	at	the	specimen/pad	interface,	resulting	in	
delamination	controlled	fretting	wear	process.	The	fretting	damage	prompted	also	the	formation	of	a	
network	of	secondary	cracks	that	is	oriented	in	a	direction	perpendicular	to	the	direction	of	slip.	In	the	
course	of	this	investigation,	a	special	care	has	been	taken	in	keeping	the	fracture	surface	undamaged,	
since	the	fretting	debris	may	fall	into	the	fatigue	crack	and	may	distort	the	fracture	surface	and	mask	
the	fatigue	striations	and	the	origin	of	the	crack	[13,14].	Wear	of	fracture	surface	may	also	produce	
debris	and	contact	marks	[15].		
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(a) (b)	
	

Figure	1:	 Friction	 coefficient	measurements	 at	 room	 temperature,	 (a)	 instantaneous	measurements	 during	 the	 fretting	
process;	(b)	average	friction	coefficient	during	the	whole	fretting	process.	
	
	

	
	

Figure	2:	Wear	volumes	as	a	function	of	fretting	cycles.	
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The	 intensity	 factors	 of	 these	 reference	 spatial	 fields	 are	 hence	 a	 set	 of	 nonlocal	 variables	 which	
constitute	 the	degrees	of	 freedom	of	 the	problem.	 It	 is	 shown	 that	 a	very	 small	number	of	 them	 is	
required	 to	 accurately	 describe	 the	 mechanical	 problem.	 The	 so-called	 “linear	 intensity	 factors”	 𝐼𝐼	
characterize	the	elastic	part	of	the	field	while	the	“complementary	intensity	factors”	𝐼𝐼p	characterize	
partial	slip	within	the	contact	area.	With	these	new	variables,	crack	initiation	thresholds,	for	different	
radii	[3]	or	fatigue	stresses	(Fig.2	a-b),	fall	on	the	same	curve.	

  

	
Figure	2:	(a)	Experimental	Wöhler	curve	for	fretting-fatigue	crack	initiation	for	TA6V	[4].	(b)	Nonlocal	Wöhler	curve	using	
“linear	intensity	factors”.	(c)	Nonlocal	crack	initiation	boundary	predicted	by	the	criteria.	
	
3D	 finite	 element	 analyses	 were	 conducted,	 first	 to	 build	 the	 framework	 of	 this	 approximation,	
second	 to	 qualify	 its	 accuracy	 and	 finally	 to	 determine	 the	 nonlinear	 response	 of	 a	 contact	 in	
multiaxial	fretting-fatigue	conditions.		

An	 incremental	 constitutive	 model	 was	 developed	 to	 predict	 this	 nonlinear	 response	 and	 was	
compared	to	the	results	of	the	finite	elements	analyses.		

Finally,	 these	 nonlocal	 intensity	 factors	 are	 used	 to	 set	 up	 crack	 initiation	 criteria	 based	 on	 the	
accumulation	of	the	micro	sliding	 𝑑𝑑𝐼𝐼xx

p	
y 	and	on	the	energy	dissipated	by	friction	 𝐼𝐼xx𝑑𝑑𝐼𝐼xx

p	
y .	The	

predicted	 crack	 initiation	 threshold	 and	 fretting	 fatigue	 lives	 are	 compared	 to	 experimental	 data	
(Fig.2	c).	
This	 nonlocal	 representation	 has	 the	 advantage	 of	 being	 independent	 of	 the	 geometry	 of	 the	
contacting	 bodies.	 So,	 intensity	 factors	 can	 be	 used	 to	 predict	 the	 behavior	 of	 real-scale	 industrial	
assembly	using	data	obtained	on	laboratory	test	geometry.	
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