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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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Figure	1	illustrate	a	fretting	amplitude	maps.	In	general,	the	evolution	of	wear	volume	as	a	function	of	
the	amplitude	proposed	in	[1]	seems	to	be	confirmed	in	the	gross	slip	regime.	On	the	other	hand	the	
same	wear	volume	evolution	proposed	for	 the	mixed	stick-slip	and	stick	regimes	require	a	more	 in	
depth	discussion.	
	
	

	
	

Figure	1:	Wear	volumes	as	a	function	of	fretting	cycles.	
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ABSTRACT.	 On	 the	 basis	 of	well-known	 dependence	 fretting	 process	 from	 the	 sliding	 amplitude	 [1],	
experiments	 was	 performed	 in	 order	 to	 verify	 the	 dependence	 of	 fretting	 process	 upon	 the	 slip	
amplitude.	The	reason	is	that	the	dependence	of	the	fretting	process	from	the	sliding	amplitude	has	
been	 critically	 reviewed	 [2],	 [3].	 One	 of	 the	 main	 critical	 point	 was	 that	 [1]	 did	 not	 consider	 the	
difference	between	the	real	displacement	amplitude	and	the	imposed	amplitude	due	to	compliances	
of	the	test	rigs.	The	experimental	data	used	for	the	considerations	reported	in	[1]	were	actually	based	
on	the	imposed	displacement	amplitude	instead	to	the	real	sliding	amplitude.		
	

Fretting	tests	were	performed	by	means	of	the	high	precision	test	rig[4].	The	main	peculiarities	of	this	
test	 rig	 are:	 flat	 on	 flat	 contact	 with	 free	 approaching	 of	 contact	 surfaces;	 displacement	 control;	
contact	 force	 and	 relative	 displacement	 measured	 continuously	 for	 each	 hysteresis	 loop;	 working	
temperature	 from	 Room	 Temperature	 (RT)	 to	 more	 than	 1000	 °C.	 The	 relative	 displacement	 are	
measured	 and	 very	near	 to	 the	 contact	 interfaces,	 substantially	 there	 is	 no	difference	 between	 the	
imposed	sliding	amplitude	and	the	applied	amplitude,	about	the	importance	of	imposed	and	applied	
sliding	 amplitude[5],	 [3].	 In	 other	 words,	 there	 are	 no	 effect	 of	 test	 rig	 compliance	 on	 the	
displacement	measurements.	Moreover,	because	of	 the	 free	approaching	and	the	 fixture	specimen’s	
characteristic,	 the	test	rig	allows	the	disassembling	and	subsequent	re-assembling	with	a	negligible	
impact	on	the	fretting	process.	Disassembling	–	assembling	operations	are	necessary	to	measure	the	
3D	profile	of	the	worn	surfaces	and	to	determine	the	wear	volume.	A	great	advantage	of	this	rig	is	that	
wear	volume	measurements	can	be	done	on	 the	same	couple	of	specimens	at	different	stage	of	 the	
fretting	process.	Experiments	were	performed	at	Room	Temperature	(RT),	two	contact	pressure	(15,	
25	MPa),	four	strokes	(10,	15,	20,	50	micrometres),	two	martensitic	stainless	steels	(X20Cr13,	M152)	
and	 different	 durations	 from	 15	 to	 160	 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	 [6].	 The	wear	 groove	was	 observed	 by	 scanning	
electron	microscopy	(SEM)	at	end	of	the	test.	

	

Code: 0054 Code: 0054 
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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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