
	

~~ ~ ~ 	; ~ 

	

~ 	 i 

i 

~~- ~ 'd--J I .'--~  _ ~ ~ 	• 

F ~b• ~~~~- 

S A E 

AERANAUTICAL INFORMATION 

REPORT 

N0. !t7 

FHETTTNG 

• 

. • rC.̀. • 

• 

vecember 15, 195b 

PREPARED BY 

COI+AffTTEE S-2, F~LICOP'i'ERS 

, 

	

	 SOCIETY OF AUTOMOTIVE ENGINEERS, INC. 
It85 Lexington Averrue NeFr York, N. Y. 

;-~- 	~_1 	i~-, : , 	, 	~~ , 
i, 	~

~ 	 „ ,., 
I~I 	i 	i ~  i 	~ 

~~ 	~ 	'I 
t_  . 	.  , 	1 . 	i ~ ~_~ ~ 

Full document details: SAE AIR47

http://avadocuments2026.com/doc/sae-air47
http://avadocuments2026.com/doc/sae-air47


. 

• 

Section 7C of the SAE Technical Boud rules pcovides that: "All technical reports, including standards approved and ptactices 
remmmended are advisory only. Their use by anyone engaged in industty or trade is entirely voluntaty. There is no agreement 
to adhere to any SAE standard or recommended practice, and no commitment to rnnform to or 6e guided by any technical report. 
In formulating and approving cechnical reports, the Board and iu Committees will noc investigate or consider patents which may • 
apply to the subject matter. Prospective users of the report ue responsible for protecting themselves against liability for in- 
fringement of patents." 

Full document details: SAE AIR47

http://avadocuments2026.com/doc/sae-air47
http://avadocuments2026.com/doc/sae-air47


FR~TTIN(3 

The SubcoQnmittee of SAE Cor►nn3.ttee S-2 that prepared this report consisted 
of the follaraing : 

H. Hirsch~ Chrm. - Hughes Tool Co., Aircraft Division 
C. C. Boswell 	- Hughes Tool Co., Ai.rcraft Division 
J. L. Palmer 	- Hughes Tool Co., Aircraft Division 

SOCIETY OF ATJTOMOTI9E EAIGINF~RS, INC. 

Committee S-2~ Helicopters 

Kenneth Gill~ore, Chaiisnan 
Vertol Aircraft Corp. 	 - 

Stephen du Pont 	 J. P. Perry 
Doman ~elicopters, Inc. 	 Eastern Rotorcraft CaRrp. 

. 

F. L. Doblhoff 
MeDonnell Aircraft Corp. 

J. 0. Emmerson 
Kaman Aireraft 

F. A. Erickson 
Brantl~r Helicopter Corp. 

L. M. Graham 
Bell Aircraft Corp. 

Harold Hirsch 
Hughes Aircraft Co. 

R. I~. PreWitt 
Pre~,ritt Aircraft Co. 

C. E. Schneck 
Kellett Aircraft Corp. 

C. M. Seibel 
Cessna Aircraft Co. 

N. Ni. Stefano 
Fairchild Aircraft Div. 

M. A. Wachs 
Sikorsky Aircraft Corp. 

R. A. Wagner 
Hiller Helicopters 

APPROVED BY SAE AERQNAUTICS COMMITTEE 

C. E. Mines, Cha.irman 
Al.lison Division - GMC 

R. D. Kelly~ Vice-ChAirm~n 
United Air Lines~ Inc. 

G. W. Brady 
Curtiss Wright Corp. 

J. B. Johnson 
Wright Air Development Center 

W. G. Lundquist 
Wright Aeronautical Divis ion 

Arthur Nutt 
Lycoming Division 

F. W. Fink 
Ryan Aeronautical Co. 

W. C. Lawrence 
American Airlines 

D. M. NkGrath 
Ber~ix Aviatinn Corp. 

C. I.. Sadler 
Sundstrand Aviation Div. 

Full document details: SAE AIR47

http://avadocuments2026.com/doc/sae-air47
http://avadocuments2026.com/doc/sae-air47


• 

• 

TABLE OF CONTENTS 

TECfIlJICAI, DISCUSStION OF FRETTING 	. . . . . . 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 

A. IN`PRODUCTION 	. 	. 	• 	• 	• 	• 	. 	• 	• 	• • 	• 	• 	• 	. 	. 	. 	. 	. 	• 	. 	. 	. 1 

B. SUMMARY . 	. 	. . 	. 	. 	. 	. 	. 	. 	. 	. 	. . 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. ~ 

C. HISTORY 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. . 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 5 

D. OCCLTRREI~TCE 	. 	. 	. 	. 	. 	. 	. 	. 	. 	o 	. . 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 9 

E. TF~ORIES 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. . 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 10 

F. DANGERS 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. . 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 12 

G. EFFEGTS OF VAF~IATION IN ENVIRONN~'1VTAI, PARAMETERS ..... 1? 

1. 	Iubrl.cation 	. 	. . 	. 	. 	. . 	. 	e 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 17 

2. 	5urface FYriish 	. . 	. . 	. . 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 20 

3 , 	Surface Hardne ss 	. . . e . 	. 	. 	. 	. 	. 	. 	. 	. 	, 	. 	. 	. 21 

!~. 	The Metal Oxide 	. . . . . 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 23 

5. 	Effect of Varl.ous Surface Preparation ....... 2I~ 

6. 	Temperature and Humidity . 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 26 

7. 	Effect of Load 	. . . . . . 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 26 

H. PREVENTION AND MLTIGA'TION OF FRETTING . . . . . . . . . . . 28 

HLBIIOGRAPHY. 	. . . 	. . 	. . . . . 	. . . 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 30 

ABSTRAG'PS OF IMPOTtTANT PAP'ERS 	. . . . . . . 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 	. 36 

• 

Full document details: SAE AIR47

http://avadocuments2026.com/doc/sae-air47
http://avadocuments2026.com/doc/sae-air47


F~TTING 

• 
A. INTR(3aUCTION 

This report has been prepared in connection with Project No. 55 of 
thA Society of Automotive Engineers Committee S-2 for Helicopters. The 
project was aimed at the preparation of a report describing the phenamenon 
co~nonly called "fretting corrosion~~; i.e., its cause, effect, dangers, 
prevention, etc. rn addition~ it was hoped that Project 55 could be a 
continuation of Project 27, which had the object of collecting the 
scattered data on the subject of fretting corrosion. 

The tern ►  "frettir~g corrosion~' is the name that is most frequently 
applied to the type of surface damage that occurs when two surfaces are 
in contact under load with small relative motion at the contact surface. 
I-n the usual case, the motion is alternating and of a vibratory nature. 
In the most common cases where this phenomenon occurs between surfaces 
one or both of which contains iron, red iron oxide is formed at the contact 
surf~ces. This oxidation or corrosion product led one of the earliest 
researchers on the phenamenon, G. A. Tomlinson, to coin the name ~~fretting 
corrosion". Since that time the phenomenon has been referred to by many 
other names, some of which are: 

Friction Oxidation 
	

Seizing 

E'alse Brinelling 
	 Chafing 

• 	Wear Oxidation 	 Chafing Fatigue 

Surface Fatigue 
	

Galling 

~'rettage 	 Galling Fatigue 

Cocoa 
	

Bleeding 

Some of these names are intercha.ngeable with the term ~~fretting 
corrosion", while others, such as Surface Fatague, Seizing, and Galling, 
refer to other phenomena that are sometimes mistaken for fretting 
corrosion. 

More recent experiments have shown that £retting "corroSion~~ a1.so  
occurs when the relative motion takes place in an inert atmosphere or 
the surfaces are of an inert ~naterial, such as ruby, quartz, or glass. 
Therefore~ the ten~ency has been to shorten the name of this phenomenon 
to "fretting", Since fretting only occurs when the contact surfaces 
have relative motion~ and results in surface damage as a result of 
mechanical action, it may be classified uruier the broader heading of 
wear. The definitions of fretting and fretting corrosion as proposed 
by W. E. Campbell (Reference 50) will be used in this report: 

• 
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FY~ettin 	Wear~ caused b oscillato 	 • g- 	 y 	xy slip of $nall 
amplitude betw~en two surfaceso The amplitude 
below which wear is to be considered f~etting 
will be that which is large enou~ to maintain 
a lubr~cant f~.lm of f`inite thiclme'ss between 
the surfaces at all times, 

Fretting Corrosion - Corrosion resulting from fretting. 

The sub3ect of fretting as def~.ned abov~e can be further divl.ded 
into cases or types in accordanc6 with the type of inechanism by whd.ch it 
occurso The fl.rst tr~ro classifications are the same as proposed bq W, $. 
CanYpbell ( Referenoe 50 ) , 

ulass 1-~etting that occurs in parts of a mechan3.~n 
that were nev+er intended to hav~e relative motiono 

Class 2-~etting that occurs in part~s of a mechanism 
intended to undergo relative mot3on som~e or all 
of the time, but not throu~ the action of anti- 
friction bearings. 

Class 3-~etting that occura in anti-friction bearingae 

The purpo se of th~ s report i s to sunm~ri ze the prE+sent 1rnowledge 	• 
regarding fretting, In order to do this, the following sect,ions of the 
report wlll adhere to the outline presented below: 

le History oP frett~ng, and of research vork 9in~ed at detYning end 
ndtigating the paroblem of frettingo 

2. IIiscuasion of the occurrence of fretting, wit~h empha~s on how 
and where it occurso 

3, A diecussion oP the theories used to describe the fretting 
phenomsnon, 

!t. An enumeration of the dangers that m~ ►  accompar~y frettingo 

5. A discnasLon of the e~fecta of a var3.ation in enviror~nental 
parameters (including lubrl.cation) on lretting, 

b. A general discnssion on the means of mitigating or preventing 
fretting. 

7 . A bibliograp~ ► , 

8. Abstracts of a few of the more important tech~ical reporta on 
frettingo 

Reference numbers appearing throughout the text refer to the papers 	• 
listed in the Bibliography. 

2 
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• 
B. SUNIMARY 

~~Frett3.ng corro~on" is the team :nost often applied to surface damage 
resulting from ~aall oscillatary moti~ns between tw~o pa~'^ts. A gmeat 
number of other te~ns hav~e b~en usPd to -3escz°i.be this process, sach as 
friction oxidation 9  false brine].li..~~, w~ax o~dd.ation, etca; however, 
since oxi.dation or corro~on does not appear to be the basi.c cause of the 
phenomencm, the present ~endency has been~ ta shorten its na~e to ~ust 
"~etting~~ . 

Fretting is aon~i.dered tc be a~~rm of ~ear and is def`in,ed as the 
surface damabe resul~ing form dscil~i +~ry surface ~lip at s~uch low 
amplitude~ tY;at a lubrlcant f`ilm ~+f firiite thialmess cannot be maintain- 
ed betw+een the sux°face s e 

F~etting Gan and oftcn does occur betwee.r~ s~s°faces that were nev~er 
intended to experience relati.ve motion, sac.i as splines, keyw~ys 9  Pitted 
membex^s on rotating shaf~s, shrs.nk and pre s~ed fit.3, ~mdar clamps, and 
in riveted or boltF;d ~ointso 

F~ett3.ng  is nmre common at surfaces that. are desLg~ed to undergo 
relative motion and exper~.er.ce periods of smal~ €~aplitude cscillations, 
or periods of supposedly n~ mot~ion in m~~hani~ns sub~ect to v~bration: 

• 	i.e., ba11, roller and needT.p  be~rin~s in oscillatorq service 9  univ~ersal 
~oints, wr3.st pins, propeller ber~r3.r_gs, a~.rc~aft eor~tro~ system bearings, 
leaf spri.ngs, etc. 

There is some controv~ersy concernia~ the niech~ni.sms of fretting, end 
several theoriss have been propot~ed and are under inv~estigation: howev~er, 
in each cas+e, small particles of the sur~ace mater~el are loosened and 
appear in the aon~sct area, When these particl~:s become trapped in the 
contact area they form sn abra~t.ve that a~~elerates fretting w~ear, In 
cases where u~ ►~en is present and the material will oxidize at the 
temperature s pre sent, the ~r ►a1Z parti ~cle ~ o~.di ze re adily o I f the o~ de s 
produced ar~e very hard, as in the ca~ af iron ar aluminnm, the trapped 
oxide particles are hi~l,q abrasiv~a and the contact area becomes an 
area of hi~ly concentrated intense ~wearo 

~etting can be stogped only by eliminatia~g the slip at the contact 
surface, or by establishing a cont.:~nuous lubricant f`I.lm. In general, 
increasLng the ampl3tude of ~scillation or a r~duction in load s,rlll 
help maintain a lularicent £iln±, 	The s~urface s]ip at contact s~at~facea 
can somet3mss be eliad.nated by inarea~ng the laad or pressure until 
the surface frl.ction is so great tha~: the m~tion~ ~ absorbed by 
elastic dsformation of the mating partso I.n the case of anall displace- 
~nts or ndsali~ment, a flexural pi;rot w111 provide a better installa- 
t~on f~-om a frett3ng standpoint than plain or ~nti-fMction bearinga. 

• 
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. 
In the more ~eneral case wherein fretting cannot be elindnated, the 

damage can be reduced and the life of the parts prolonged by proper 
consideration of the following e~erimental results: 

a. Very f`ine f`inishes appear to have a gxeater tendency to fret. 

b. Increased harch~ess of steel specimens show a beneficial 
effect unless stainless steel is one of the materials, 

c. Slirface s of unli.ke  fini sh and hardne ss appear to hav~e le ss 
tendency to frete 

Chemd.cally clean ~urfaces show a~eat tendency to fret. S~irface 
films and surface oxides hav~e a tendency to rednce frlction, wear end 
fretting. The additian of a lubricant in the contact snrPace will 
tl~rther delay the start of frettingo The use of a roug~ surface vith 
lubr.Lcation appears to be of great benefYt, In connection with anti- 
~rlction bearings, a low vl.scosity, 9emi-fluid lubr~cant is desdrable. 

• 

• 
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• 
C. HI STORY 

Fretting has been occurring in mechani.cal machinery for a~reat 
manq years. As the stress level, hardness 9  accuracy, stu°face finish, 
and life reqnirements on rnechani.cal parts have steadily increased in 
re.cent years, fretting has become mo?~e and more a problem, The first 
reference tc the phenomenon in the literature is a paper by &den, Rose, 
and Cunninghari (, Rsfe rence 1) publi shed in ~.911. o The authors reported 
that while conducting fatigue tests, they F~re troubled by a red iron 
oxide formation in the g~ips of their specimen. holders~ They concluded 
that this corrosion was due to a vazyiii~ stress level at the contact 
surfaces, and that it was s~mi.la ~° to ~he rust found betw~een a wheel and 
its axle, or between a~Ce,y and k~;n~~ay a 

The next report of irnpo~°tance da.d not occu.r  unti~. 1927 when G, A. 
Tomlinson (Referenas 2) reported th~ first expez°i.ments ooncerned 
directly with the phenc ►m.enor~ af f'*,~e~tin~ o Tam]in~or. was, in fact, the 
fYrs V individual to cain the ~rm ~.fr~ttin~ cor •ra~onn  , 

As a result of his exp~ pi.ments, Tomlinson propo~d his ~nell lmown 
nmolecular attraction~' theory. Althou~h ~tYri.s theary is not generally 
supported tod~q, many .of the conclusions drawn from these eacper~.menta 
are of such importance that they wi11 be brl.e.fly di scussed below, 

• 	 1, It was observed that cheir~.cally cZean gurfaces fretted at 
much lower contac~t stre3ses than s~rfaces mechanically 
cleaned by wipin~~ ~°om thesf: tests it was concluded that 
sv.rface 1`ilms foxYm protective caatings that delay frett3.ng , 
In suppo~°t of tni.s conclusion, it was observed that when the 
surfaces were lubricated wl.th vr3seline or ca~tor oil, either 
fretting was delay~d 9  or :ii.~Er. stresses were permLssible, 
~rther tests on lubricat.ed specimens showed that the contact 
stresses at ~ahich the coeff`i.cient of fricti.on increased (oil 
film breakdown) were the sr~me as the contact atresses at 
wrnch frettin~ occurre~, 

2, Static tests '~uider very high loads failed to produce fretting, 
ev~en after allowing the load to rem~.n in place as long as 
forty hovrs o Thi.s ~aroved that mechanical. action was reqvired~ 
and that the phenom.enon could not be due to electrolysLs or 
chemical action. 

3 s No frettin~ could b~ produ~ced when pu •re rollin~ mption was 
introduced between the contact~ng bodies~ thus indieating 
that mechanical sl3.p is requiz°edo 

4. Heat generation calculations indicated that heat is not a 
factor in produdng fretting~ 

. 
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I n 1930 Max Flnk (Reference 3) conducted a~eries of eaperimen~ts 	 • 
concerning u~.directional wear. Although the author ~as not concea•ned 
with fretting, his tanrk has often been reYerenced in this connect,ion. 
The te sts were conducted on flat di.sks in eontact at their circnmference 
and rol]3ng wlth one percent s1ip, The tests showed a~eater amount 
of w~ear and greater friction in air than in ~.trogen. A film ~ras 
formed on the surfacea te~ted in a3.r that was assumed to be made up oP 
iron oxtde FeOo F`rom these ob servations the author concluded that 
wear produces oxi.de  films that grow tlri.cker and thicker until they 
break up. The o~►gen (air) trapped in the loK spots i s~eatly compressed 
by deformation of the hi gher peaks in contact and the hi ~ pre ssures 
ca.ur~e the iron and oxygen to combine to form iron o~d.de F~O. The author 
concluded that th~ ~r, es~ence of o~ ►gen ca°eated an additional companent 
of nozmal w~ear. 'rhe author called this addit3onal component of weer 
nWear o~d.dation", a term that he chenged in later works to nFrl.etion 
O~dat3.on" . 

In a pap~r published ir~ gigland in M~y 1931, Stott (Reference ~t) 
~Lvea the rea~u3ts of an investigation of the w~ar of instrument arid 
rneter pd.vots. When steel pivots were rotated in contact ~zith sapphire 
3ew~els~ in the absence of lubr3cation, fretting occurred with larg~e 
deposd.ts of fretting corroston debz-Is. Again no rast appeared under 
static conditions and it Was assumed that mo~tion was reqvired to 
produce the corroed.ono In 360,000 revolutions the frict~ion increased b~ 
a factor of from 10 to over 100 t3rnea and both steel piv~ot and sapph3.re 
~ew~els were damaged. Lubricat,ion del~ ►ed the d~rta•ge ~rtd ~rea~~l:y ,i3tc~a~~d 	• 
the life of the beaz-S.ng. 

In 1935 S .  J. Rosenberg and L, Jordan (Rsference 5) undertook to 
~~epeat and extend F1nk~s expez~.ments (Reference 3). Disks w~are run in 
air, nitrogen, and l~drogen ~rith one percent sli.p and no s3.g~3.f`icant 
difference in the weight loss of the disks was found. F~nk Q S theory 
that t~ presence of oxygen increaeed wear could not be substantiated. 

The tests were continued with the slip increased to 10 percent and 
using eutect.oid carbon steel tempered at 260°C. S~edmens tested in 
air, aitragen and hydrogen game approxLmately the eeme results, wlth 
slightly less ~near in l~ydrogen and nitrogen. F'I.lms of what appeared 
to be iron oxLde were formed in ell three gaseso The authors observ~ed 
that oxidation in hydrogen and nitrogea could be due to o~gen abeorbed 
in the metals or trapped in the test cell, 

An additional serlea of ex~eri~ents was performed u~d.ng ~teels of 
var~ing hardneases and carbon content, and testing in air, and ii. 
hydrogen and r~i.trogan atmospheres. The~e tests showed vaxyi.ng w~ear 
rates, depending on the epeciF3.c tesrt condit3.ons, and are sunrmarized 
in the ab atract on t~i s paper ( see page a0 ). 

Perhaps the moe~t gublidzed early example oi fretting in the 

• 
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• 
literattire is discussed by Almen in his paper (R,eference 6) in 1937. 
TM.s is the case of damage to automobile wheel bearings that occurred 
during the shd.pment of automobile s by railw~y frei ght car o To support 
this ineestigation, l~lmen biailt a test mac~.ne capable, of oscillating 
ball bearings through ~nall anglea w~le under loade Tests were 
conducted under various loads, and ~rith a number of d3.fferent 
lubricants. It was concluded tha~t the so-called "false brinelling" of 
the wheel bearings was not brinelling in the true sense, but rather 
that the phenomenon was a form oF ti,rear wrd.ch was dependent on, or 
~g~ravated by, the pr~sence of o~geno Flirthermore, Almen show~ed that 
the wear could be si~.i.ficantly reduced by the use of a low visco~.ty 
lubricant, 

S~eriments by Tomlinson, Thorpe, and aough in 1939 (Reference 13) 
conf5.rmed earlier e~eri~entors e  conclusions that fretting is due to 
mechanical slip at the contact surface. New contributions to the 
lrnowledge re garding frett3ng provided by thi. s paper were :( a) the 
damage due to fretting was ~reater for highly polished surfaces and 
for close fits, and (b) the damage appeared to be essentially the same 
throughout the test load range (i;he ori~nal load ~ras increased by 
almo st nine time s dur.Lng the final te st s). 

Recogr~ition of the fretting ~roblem in anti-friction bearings 
• 	appears in several publications by membera of th~ P~~Lneering Staf£ 

of the Fafhir Bearing Company (References 32, 33, 3~, ~d 1~0). Fafnir, 
in 19li7, recoirm~ended a reduction in ball bearing capacity to 35 percerrt 
of the normal (fatigue) values to allow for the detri.mental effect~ 
of fretting in installations where oscillating motion occurred. Fa.fhir 
al.so emphasized the importance of proper lubr.Lcation in these installa- 
tions. 

Salanann and Ri.ghtmire in 191~8 (Reference 38) presented teat data that 
ahow~ed that the hardness of the oxides appears to be an important 
property in cotrunection with frettinb corrosLon, and that fretting 
belongs to a~roup of wear problems for which surface oxl.dation affords 
no protection. 

Dur3ng the past five years, many important contributions ~u the 
lmowledge regarding fretting hav~e been made. G~dfrey, at the NACA 
(See Rsferences 39, l~lt, 56, and 6~) has made an intensive atudy of the 
problem, including the meahanisns of failure, and the pecularitiea of 
the phenomenon. Rahm (RePerence !t5) at WADC has atucii.ed that effea~s 
of various lubricants and bearing race surface f`inishes the alleviate 
the problem, The A3TM t  in 1952, aponaored a Symposium On F~etting 
Corros3.on (References 49, 5~, 51, 52, 53, ~nd 51~)• paPers pre~ented 
at thia symposium discussed the current ~tatus of fretting corros3.on, 
the effeots of various lubric~nts and var~ious combinations of different 
metals, the effect of fretting on the fatigue resistence of atructural 
camponents, and testing procedurea for measnu~i.ng fretting corroeclon 
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quantitatimely under precisely def`ined cor_di.tionse 

Mentioned abov~e are but a~nall part of the numerous contrl.butions 	• 
to the study of fretting, Although the Bib~.og~°ap~y to this paper 
indicates an intensLficatioa~ of reseaY°ch on the sub3eet in the last 
few years 9  there still remains some controversy concer~.ng the exact 
mechenism bq which fretting occurs~ and much wox°k r°emains to be dome 
in order that the practicing en~.neer m~q gain a clear understaacling 
of the e~auses and cures of the phenomenon, 

• 
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• 	D. OCCURRIIJCE 

As ~entioned in the introduction, Class 1 FY~etting is fretting tlhat 
occurs in parts of a mschanism that w~re never intended to have relative 
motion. The earliest reference to thi s spec3.fic problem appears in 
Reference 1, when the red iron oxide appeari.ng  in the grips of a fatigue 
test machine was compared to rust that had been observed between a 
wheel and its axle, and between a key and keyw~ya Other examples Where 
f~etting com¢non~y oecurs are : 

1. S~iline s 

2. Riveted and bolted 3oints under varping agi.al. loadso 

3. Clamped, shrink, and press fitted m~embers under repeated 
loadingsa 

Relative motion is not intended to occnr between the twn mating 
components in the examples above, However, the amount of motion required 
to produce fretting (of the order of 10- 6  inchea) can and does occur in 
these examples, and therefore fretting is conanonly present. 

A case in point is cited by F'~sher (Reference ?3). In this example 
a load variation caused frett~ing to occur between a steel bolt and a 

. 	stmple lug. R,esult of the action was catastrophic failure of the lug 
at loads less than half of those that would normallq cause fatigue 
feilure . Thi s type of lug failure i s much more common than usually 
sapposed. 

A good example of Class 2 Fretting is the cax of a leaf spring. 
Two other typical examples are gear teeth, and torque transadtting slip 
~oints. A relatively large amotmt of motion oocurs, and fretting is 
commonly present. 

Bcamples of Class 3 Fretting are listed below: 

1, Aircrat`t control system pulley and hinge bear3.ngs. 

2. IIr~iversal 3oint bearings. 

3. Propeller blade retention bearings. 

1~. Helicopter control system and blade retention bearings. 

All anti-friction bearings mentioned above are sub~ected to small 
angle oscillation, and therefore frettin~, Reference Lt0 indicates the 
severe reduction in snall angle-oscillating balJ beari.ng  load capacity 
due to fretting found by F. G, Patterson a~ tne Faf~ir Bearing C~mpany . 
The reductions irr bearing capacity recommended in this reference are 
to allow for these detrimental effects. • 
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• 
E o TF~CktIF~ 

The fact tha.t fretting is a form of the vastly complicated process 
of wear indicates that it is not a simple problem with a simple solutiono 
Although the phenomenon has been observed and recognized for many years, 
it is today not completely understoodo Despi~te the extensive research 
conducted on fretting in recent years, controversy still exists regarding 
the exact mechanism by which it occurs, and many statements concerning 
it ma.y be either true or false, depending on the implicationse The purpose 
of this section of the paper is to present the two current theories, and to 
discuss their applicabilityo 

1, Molecula.r Attraction Theory - This theory, proposed by 
To inson Reference 2 in 1927, is the first of two principal 
theories of ~frettingo This theory holds that fretti.ng is a 
form of molecular attrition (or transfer} caused when alterna.t- 
ing close approach and subsequent separation of the molecules 
of the two ma.ting surfaces occurs, ~n close approach, the 
fields of force of the molecules overlap, and on separation 
the molecules ax°e torn out of both surfaces as a result of 
breaking the cohesional bondso ~upport for this theory is 
furnished by Savage ~8eference 67~o He finds that wear debris 
from carbon xubbi.ng on metals in a high vacuum has acquired 
extraordia-~arily hf.gh cheml.cal adsorptive activity, indicating 	• 
that carbon to carbon molecular bonds are broken during wea.r. 
This theory is also supported by microscopic observations of 
Godfrey, and seems general enough to account for various 
classes of materialso 

2a Weld-~Breaking Theory - This theory, supported by voluminous 
evidence, is currently the most popul.a.r theory used to explain 
the phenomenon o~ frettinge The theory is based on the modern 
concepts of friction, and holds that (xeference 50~ 9  ~When two 
solids come in contact, the force bring3ng them together is 
concentrated on a small number of high poi.nts in both surfaceso 
These high points flow plastically under the load, and cold~ 
weld, equilibrium being ~utia.11y reached when the cross-sectional 
area of the welded junctions is sufficiently large to support 
the loade Friction and wear restxl.t from breaking of the welds 
and from plowing of the asperities of one ma~terial through the 
other, the weld-breaking process being the dominant one for 
most practical purposes"o There appears to be a great deal 
of evidence availa.ble to support this ~theory and, in fact, the 
theory is not inconsistent with experur►ents cited in favor of 
the Molecular Attraction Theorye 

The interlocking theory of Feng and Rightmire (Reference 63), 
is a modification of the weldmbrsaking theory, and is 
attractive i.n tha.t welding is not necessary for fretting 	 • 
wear of anetalso However9  the theory explains metal transfer 
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• 	 by welding granting that aufficient heat ia liberated by 
the breaking-out action to cauae welding. 

It ia believed that the theory of Uhlig (Reference 78, 80) 
beat explaina the phenomenon of fretting corrosion of 
steel, as Uhlig presents evidence that there ia both a 
chemical and p hyaical factor operable in thia connection. 

The oxidation that generally accompanies fretting •  in air can be 
explained in two ways. The first explanation has already been given in 
the diacuasion of ~'ink'a paper (Reference 3). With thia theory~ the 
o~cidation is the primary reaction and fretting proceeda by removal and 
reformation of the primary oxide film. A deficiency of th~ p  theory is 
shown in that if oxidation were the primary cause of fret#~ing, elimina- 
tion of the o3qrgen in the aurrounding atmosphere would atop fretting 
campletely. Attempta to accompliah thia have so far met with fa,ilure. 

A more generally accepted explanation of the manner in which 
corrosion occura holds that the virgin surfacea of the metal created 
when alip takea place combine immed.iately with oxygen at room tetrtperature. 
~t ia well known that expoaure of clean metala to ais or•oxygen.reaults 
in an immediate reaction which proceeda according to a logarithmic law. 
Feng (Referenoe 62) believea that ~he debria particlea are no~` uaually 
oxidized ~~inatantly~~, and that thoae that are in contact with the 

• 	surfaces of the parta (and that produce the abr.a~ive effect) are cliatri 
buted among other metallic particles that are in partially oxidized and 
fully oxidized atatea. 

. 
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• 
F . DJINGER.S 

There are txo primary dangers that occur due to fretting. These two 
dangers are discussed belowo 

1. Destruction of Bearing Surfaces 

The primary ma.nifestation of fretting is the progressive 
destruction of the contacting bearing surfaceso This destruction 
is generally accompanied by the formation of debris, arui a loss 
of dimensional accuracya 

In devices that are intended to undergo relative motion, such 
as leaf springs and torque-transmitting slip joints, the 
surface destruction is accompanied by a rapid increase in 
friction, This friction may increase to the point where it 
i.nterferes with the normal operation of the mechanism, and, 
if allowed to continue, may precipitate seizing or jamming, and 
eventually lead to static failure of component parts of the 
deviceso Progressive failures of this type interfere with the 
normal operation of antimfriction bearings subjected to small 
angle oscilla.tory motion, and are a cause of great concern in 
helicopter control systems and rotor head assemblies where 
normal bearing operations are essentiala The damage due to 	 • 
fretting in this latter case leads to a much shorter bearing 
life than would norma.11y be predictedo Bearing failures of 
this type also m.ay result in misalignment of components, and 
excessive vibration. Fretting is generally recognized as the 
most deleterious concl.ition experienced in anti-friction bearings 
used in modern aircrafte 

2e Increased Susceptibility to Fatigue Failure 

There are numerous indications that fretting appreciably 
increases the susceptibility of structural components to fatigue 
failureo Le Eo Bensen (Reference 15} in 191~0 presented photo- 
graphs of some examples where fatigue cracks origina.ted in 
areas that had been damaged by fretting corrosiona G. Sachs 
in 1939 (Reference 17) gives examples of prapeller blades 
failed by fatigue where the fatigue cracks originated in the nits 
caused by erosion of a ma.gnesium blaale rubbing against a steel 
hube In 1941, Go Sachs an,d P, Stefan (Reference 19) discussed 
the "cha.fing fatigue strength" of some metalse They concluded 
that the fretting may act in a ma.nner similar to notches and 
section changes, or similar to corrosion, depending on the metal 
used, and that fretting causes a severe reduction of the fatigue 
strengthe 
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• 

• 

Bennett and Quick (Reference 75) present photographs of an 
aircraft engine crankshaft that fractured after 220 hours 
of serviceo The fatigue crack originated in an area where 
fretting had occurred under the propeller hub~ They state, 
~~I n thi s cab~e the (fretting) pits concentrated the stress to 
s~ch an extent that the peak stress was gieater than the 
fatigue strength of the steel' t  ~ Thas failure is also discussed 
in Reference 76e 

Reference 70 states "The analogy between fretting fati gue and 
notch fatigue has been conf`i.rmed by photoelastic studies of 
the contacting parts, These show that the stress distribution 
in a loaded press-f`3.tted part is nearly 'c;~~i same as that in a 
single piece of the same over-all shape. This explains wi~,y 
the fatigue strength of press~~.tted psrts can be raised by 
atress-relieving measures simi.lar to those appli.ed to notch 
(filleted) parts.~' Horger (Reference 52) cites examples of 
improved fatigue resistance in ~~raised seat~~ de~.gn, as shown 
below: 

-- - 	~ ~ E __.. _ ~_~~_~ i •~-i 	r i - 

Convantion~l Practice 	~~ ~ 
Givin~ Low Fati ~ue 
Resistance 	Improved Yract ice  Giving Imnroved Fa tio e Re si 

Rsference 77 also treats this sub~ect, and presents curves 
of fatigne stress concentration factors for shafts with 
press-fitted col].ars sab~ected to bending loadso 

E. J. Warlow-Davies (Reference 21) conducted a series of 
experiments de~.gned to deterrrdne quantitativ~ely the 
reduction in fatigue strength due to frettingo The results 
of the tests show a definite loss of fatigue strength, but 
due to the limited number of specimsns and the scatter, no 
def`inite quantitative conclusi.ons could be reached. Of interest, 
however, is the reproduction of the following ~raph taken from 
this reference, showing the S-N curves for tests on si.milar 
forged steel specimens with and without frettin~a 
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A si~ilar example by Sachs (Reference 21t) is shown below. I n 
thi s case, surface roLU.ng  has been emploged ~o improve the 
fatigue characteriatics of a part sub~ect to frettingo The 	• 
curves are for sur£ace-rolled and untreated specimens of 
ma~e ~um alloys : 

Cycles, millions 
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• It is empha~zed that the quant3.tativ~e improvement shown 
depends, not only on the specifYc material involv~ed, but 
also on the ro11 size and rolling pressure in rol]ing, or 
the ~ot sLze and pressure in shot blasting. Therefore, the 
exaxr~ples are dted only to indicate trends, and not to provide 
specific desi~ information, 

Oe J. Horger in Reference 52 correlates and swnmarizes ~a work 
over a f'ifteen year perlod on a stuc~,q of the influence of 
fretting corrosion on the fatigue strength of f3.tted members. 
He state s the pfretting phenomenon i s re sponsLble for fati gue 
cracks initiating at stresses below the level at which fa~.lure 
would occur from only the shape effect, '~ and aites 5,000 PsL 
(on steel shafts pressed into sockets) as a typrical value. 
The paper sun¢narizes the Yollowing factors with reference to 
the phenomeaon: 

ao The fat3.gue strength of a shaft pres~ed into a socket 
decreases with increasLng press-fit pressure to a point 
wY~ere a rnin~i.rmua strength is reached, snd then remains 
constant. Th~ press f`it pressvrea associated wlth this 
~nimum strength are generally less than thos~ required 
to traasndt torque or bending moment. 

b. "An improvement may be made in the re ~i. stance to crack 
• 	 initiation~ but the increase ia somewhat limitedo Both 

shape end fatrorable read.dual stresses o~fer the best 
a~eans for improvement o" Howemer, when ver3 ►  long life 
is required, the deslgner m$y £ind it almost impossible 
to prevent orack initiation, since the extremely low 
cyclic etress levels required would res~nit in an 
impractical desd~n. 

c. "If the envirornnent produdng fretting or corrosLon is 
remov~ed, once the crack has initiated after a large 
number of cyoles of very low stress, then the cracka 
wi11 sho~r little, if ar~y, propagation at the same 
strea8 required to start the crack." 

Sachs (Reference ?2) reports that the damagtng efYect of 
fretting is highl tiq dependent on the materlal, and that fretting- 
fatigae stz~eng►th for high strength alloqs is iadependent of the 
r.egul~r fatigue stren~th or the tensS~le strength of the material. 
He tbrther states that ~ tno tru.e fretting fatigue limits e~d.st." 

Sachs states (Reference 70) that for certain speciFic ~roups of 
materlals, such as aluminum alloys, the frett3.ng-Patigue atrengtti 
has been found to be eqnal to the regular fatigue strength, if 
this va].ue was very low, as is the case in fabrlcated alumd.nnm 
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alloy structureso However, as indicated by the preceding 	 • 
graph~ Sachs' conclusion does not appear to hold for 
magnesium. 

Sachs also states that there is a slight dependence upon the 
structural condition of the alloyo Cast alloys are apparently 
moxe resistant than annealed alloys, which in turn are more 
resistant than either cold-worked or heat-treated alloys, on 
the basis of equal strength. 

Corten, Reference 82, includes some data on the influence ~f 
cl~nping pressure on fretting fatigue strength, 

H. Velkoff, Reference 79, cites examples of U,S.AeFo 
experience in the development of inetal helicopter rotor blades. 
It is pointed out that one of the most critical areas from 
a fatigue standpoint is the area of blade root retentiono On 
the basis of mar~y fatigue tests that have been cond.ucted on 
root retention joints, Velkoff concludes that "for typical 
aluminum blades the maxim~ua allowable alternating stress (107 
cycles) is approximately 3000 psi when little or no frett~,ng 
is encountered, ~n cases where fretting is encountered in the 
presence of a joir.t of high stress concentration a maximum 
stress as low as 1200 psi may be e~ected, Ih a well designed 
joint with severe fretting 1500 psi could be expectede tt 	 ~ 

A few of the more important conclusions concerning reduction in 
fatigue capacity due to fretting are sununarized above. There 
appears to be no doubt that fretting will lower the fatigue 
strength of a part; however 9  there appears to be practically no 
reliable data indicating quantitatively the amount of such a 
reduction except that presented by Horger (Re£erence 52) 9  and 
Corten (Reference 82)o This is 9  of course, an extremely diffi- 
cult factor to assess, since there appears to be no convenient 
method of ineasuring the severity ~f fretting on a specific part 
removed from service, 
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• 
G. E~'FECTS UF' VAIt~ATION IN FI+I~TIRQI~I,ENTAL P.AF~METERS 

1. Lubrication 

&~hm and Wurster ~Reference ~t5) discuss the effects of various 
lubricants on the fretting of anti-friction be~.rings subjected 
to osci.11+ating motiona The results of these tests indicate 
that AN-G-25 (M27~G-3278 I~i.thiLUn So~p Base) grease, ~N-G-15 (MTL- 
G-7711 General Pur~ose} grease, and AN-0~8 oil had lubrica~ting 
characteristics that produced greater rc;sista.nce to fretting th~.n 
a~r other lubricants evaluasted during the ~ploratory te~tso This 
paper also reports that wh3.3.e molybdenum disulfid.e appears to have 
qualities that induce slippage when used on housings or plain sur- 
faces, it d.oes not appear to reduce fretta.ng in ball bearings sub- 
3ected to sma11 angle oscil.]~tion when used in dry powaler forme 

In contrast to this conclusion regarding molybdenum disulfide, 
Godfrey and Bisson (Reference 1c1~} report tha.t a bonded MoS2 
coating delayed fretting for 28~000,000 cycles for steel against 
glass and about 10,000,000 cycles for steel against steel. Dry 
MoS2, and mixtures with various carriers (water and aerosol, oil, 
and grease) also ~ppreciably delayed frettinge Microscopic 
examination, however, ir~dicated the MoS 2  may have been ineffective 

• at the contact area, and that the carrier alone ma.y have be~n 
responsible for the beneficial actione Without an i.nhibitor, 
the specimens fretted immediately, 

McDowell EReference 51) reports tests usi.ng dry molybdenum 
sulfide and twrigsten sulfide poxdersa He states that there is 
a definite improv~ment when these dry lubricants are usede 
When ttangsten sulfide was bonded to the surface, for example, 
it took l~e5 times as long to produce a severe case of fretting 
as it did with a standard specimene 

It is to be noted 'that in neither of these two ex~a.mples was the 
data obtained on an actual antimfriction beari.ng. 

A fretti.ng corrosion research program involving lubricant 
evaluations has been conducted by the Coordinating Research 
Council using a Fafnir Thrust Ba.11 Bearing Test Machinea Only 
grea.ses have been evaluated in this program< It is interesting 
to note that an angle of oscillation of ~' 6 degrees and a loaal 
of 550 pounds were selected for the tests, since these values 
showed up the greatest difference between greaseso Results of 
this program are reviewed in Reference 7B, 

In general, it was found that feedability, or the ability of the 
lubricant to replenish itself, was the most iir~port~trit factor in 
mitigating fretting corrosiono Three methods of achieving this 

• 	 are: (1) By use of a soft grease, (2} by use of a shear suscep- 
tible grease, and ~3) by use of a lubricant that permits bleeding 

~ 	of an oily phase (Reference 53)e 
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