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FOREWORD

The ASME Handbook of Metals Engineering— Design is one of the many services of the
Society. It came into being s s result of a survey in 1941 by the Metals Engincering Division
which revealed the need of the mechanical engineer and designer for a ready reference to the
properties and characteristics of metals. A preliminary study was instituted, and as & result,

“in August, 1945, the Executive Committee of the Council nuthorized the publication of & Metals

Engineering Handbook and appointed a Handbook Board. This Board was set up as a con-
tinuing body, the members to be selected upon the recommendation of the Metals Engineering

‘Division with the approval of the standing Committee on Professional Divisions and the con-
‘eurrence of the Publications Committee. The personnel of the Board has changed from time

1o time.

The Society 1= grateful to the members of the Board and to the many others who have made
valuable contributions to the text of the Handbook.

The Society is particularly happy to recognize the sctive cooperation of the American
Society for Metals, which has permanent representation on the Board through a nominee of its
own chaoice.

Fuevpemck S. Buaokavr, si., President, 1953
THE AMERICAN SOCIETY OF MECHANICAL ENGINEERS

This Handbook has been prepared to fill the urgent need for a reference manual related to
the design engineer’s point of view. A wealth of information of direct interest to him has been
compiled from msny suthentic sources and is presented in a form which, it is hoped, will prove
most useful to the experienced engineer and the embryo designer alike.

This volume comprises 48 sections, dealing primarily with the design function in metals
engineering. Three other volumes are in preparation.  One deals with the processes by which
metals are converted to finished product. Another tabulates the propertics of motals about
which a design engineer needs information. A fourth volume collects in one place many
engineering tables to supplement the designers knowledge of standards for shape, dimension,
gears, and the like.

Contributions have been made by members of The American Society of Mechanical Engi-
neers and other societies.  Industrial organizations have been most generous in furnishing data
and in permitting the use of material already in print.  In each case, proper recognition is given

‘to these sources.

Lewis K. Siwvcox, Chairman
ASME METALS ENGINEERING HANDHOOK BOARD
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2 FRETTING CORROSION AND FATIGUE

by GEORGE SACHS

Fretting fatigue, al=o called “rubhing fatigue™ and
“ehafing fatigue,”” is o particular typoe of fatigue fail
ure, probably related 10 both notch futigue and cor-
rosion fstigue (refa. 41, 57),  The main characteristic
of these types of fatigue is 0 combitintion of two fao-
tors: (1) the repeated londs or vibrations which define
the Joad applieations s fatigue or endurance, and
(2) & factor which reduces the fatigne strength and
ondurance limit obtained in the absence of this
damaging factor,

In fretting fatigue, the d ing fnctor of
close contact between the part subject to vibeation
and another part, either fitted to the vibesting part or
in gliding contact with it. The most important
example of premature failure from fretting fatigue is
that of milway axles onto which the wheel has heen

ted or shrank (refs. 9, 26, 20, 35-37, 39, 40,
4345, 51, 58, 39  Fundsmentally the same failure
has been also olserved on shafts (refe, 15, 26) and on
crankpins (refe. 55, 59). Various types of joints
differ from these fitted members in that nome or only &
slight pressure s present during rest conditions ;. how-
oever, the pressares resulting from the vibrstions also
canse fretting-fotigue failures, ‘The most important
instance of such a joint s thst botween an sirerafy
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Fia. 1. Diagrammatic reprosentation of the relstion
botwees: fretting-fatigun strongth and regular-datigue
strength for varions conditions of axial londing.

propeller and its hub (refe 17, 25, 31, 41, 50). Other
eases of this {ype are screws or bolts and nuts (refs.
10, 46, 60), keyed joints (ref. 13}, couplings (ref. 14),
Joints betwoen wire or wire rope and clamps (refs. 6,
21), and attachmonts of springs (refs. 8, 16). F‘Mlum
between gliding members are those of parts running
in benrings and of gear tooth (ref. 33). Possibly tho
fatigne fnilures of the bearmgs themselves are uluo n
result of fretting fatigue.  However, these will not bo
cansidered hero, A lnrge variety of fretting-fatigue
failures hnve been deseribed by Thum sud Wunderlich
(ref, 12).

Meost ohservations on fretting {atigue relate to mild
stesl. However, most metals and alloys appear t0 be
suseeptible to damage by fretting, It has been found
to be present in aluminum alloys (refs. 17, 41, 50),
magnesiom alloys (refs. 17, 25, 31, 50}, copper alloys
(refs. 17, 41, 50), and stainless steels (ref. 41).

The type of fatigue failure observed at contact
surfaces is obviously the same for contact either in
relative rest or in relative movement, This i proved
by the fact that the Inws of fretting-fatigue failures
have beon established by extensive Inhoratory tests
(refs. 1, 4, 5, 6, 11, 12, 14, 17, 20, 28, 32, 41, 42, 48),
which nre prodominantly of the type in which failure
oceurs at the oontact between the rotating specimen
und the bearing.
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F16. 3. Stresscvele curves {or tests on fretting fatigue

and regulor fntigue of 8 forged steel @

The literature on fretting fatigne has been ropeat-
edly abwtracted and eritically discussod (refs. 30, 34,
38, 52, 57\

The fatigue failure, under conditions where fretting
Is presont, occurs in all instances oither at the edge of
the contact area between the two contacting members
or close 1o it but within the contact surface,

The failure may oceur in ¢ither one or in both con-
tacting members.

In many instances of fretting fatigue, the produe-
tion of abrasive products has been observed (refs. 2, 7,
18, 19, 23, 32). This process is usually ealled “blesd-
ing,” the term being illustrative for the red color of
the abrasion products of steel. The ahsence of such
sbrasion products, however, is 1o proofl that fretting
does not oceur and that the fatigue streagth is

The hn of fretting fu! igie, 18 far as they have been

. are g Iy the same as those for noteh
klmm and corrosion futigue (rof. 41). Most impor-
tant among these laws aro!

1. A damaging effect probably ocours only in the
prsence of applied tensions, On the contrary, it
appenrs that fretting in the nlnmn«- of tersaons, 1r.,
in the presence of compr only, would not
ldwn-rlv affiect the fatigue strongth, This i illes
trated sehemationlly in Fig, 1. However, definite
information in thix respect does not seem to exist at
present,  Figure | illustrates that the fatigue strength
& reduced less the more the load condition changes
from tensions only (upper right quadrant) 1o tension-
compression, and that the domaging effect is nil in the
range of compressions only {Jower left quadmnt ),

2. The damaging effect, for u given load application,
such as rotating bending, it highly dependent upon
the material (ref. 41). For certain groups of mate-
rinke, such as sluminum alloys, the fretting-fatigue
strength has been found according to Fig. 2 to be
equal to the nculn fatigne strength (determined for
rolhhd spocimens) if this vilue wan very low, With

l fatigne strongth (or tensile strength,

e) 5 0 5 20

Regulor fatigue strengtn, 1000 psi
Fig, 2, Rnl-(hm hﬁvm lmuac-mlpn strength nnd
rogular-fatig alloys. st

230

or hardnes \_tbool-eldlwtlingbmmuiwrmq;h
Inrgor. Thus, for high-strength alloys, the Iatigue
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Fra. 4. Effect of surface rolling on the fretting-fatigue
steength of SAE 1045 steel axies

strength in presence of the d g effoct (under
conditions of either severe fretting, notehing, or cor-
rosion) is practically independent of eithor the regular
fatigue strength or the tensile strength,

The frettingfatigue strength is also depondent,
nevording to Fig, 2, upon the structural condition of
an alloy, to n slight extent. Cast alloyn nro nppne-
ently more rosistant than annealed ones, which in turn
are moroe resistant than either cold-worked or heat-
treated nlloya on the basis of equal ilrength

3. The d effect i with increasing
Joads, As shown in Fig. 3, it becomes generally
apparent only if the Joad mnge is sufficiently low to
canse failure after a comsidersble number of cycles,
snywhere above 10,000 cycies 4t least.  Furthermore,
as shown in Fig. 3, stresscyele eurves indicate that no
true fretting endurance limit exissts, the value of the
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¥Fra, b. Btrows-cycle curves for rogular fatiguo and for
fretting futigue of surface-rolled and untrentod spocimens
of magnesium alioys
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32 MECHANICAL FACTORS INFLUENCING CORROSION Part Three
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Nati 1

4. Certain mwvhanical and thermal treatments
remove most of the damaging effects,
Mechanical trentments used thus to mprove the

life of parts, particularly of railroad axkes, are surface
rolling with one or several polished rolls (refe. 13, 22,

w:inkrto!hlo!uindbr

03; which provent development of
! i vibration. The relation

Physieal Laboestary, Forschungeard, In-
pemiewrw., vol. 2, p. 257, 1931,

9. Ruohnel, 2., Axle Failures of Raslrond Rolling Equip-
mont and Their Causes, Skl w. Fisen, vol, 52,
pp. MO5-008, 102 Bl Ietern. Railway Congr.
Assor., vol 15, p. 649, 19X3
Thum, A, and W. Stasdel, The Endurance Strength
of Serows, Maschinendaw, vol. 11, pp. 230232, 1932,
1L Thum, A, and F. Wunderlich, The Effect of Clamp-
g and Mmdl-l-ch Enderance Limit
wr. Dest_ Ing_ wol. 75, pp. 531~

Thum, A.. and F. Wunderich, Bumhn l'm
Swrength of Sururtoral Ceosmps
Mmﬂuhm.ﬂhﬁrl@mdw
Application, Mt Tekn, Hochachule, Darmatodt,
Na. 5, 1934,

Koch, H., The Bending Fatigue Streagth of a Koyed
Joint and the Iocrease in Endurance Limit by Sur-
fave Working, Mat. Weoklcr Inst. Brounschweig,
No. 20, 1934

Thum, A, and F. Wanderlich. Fretting Corrosion
on Couple Joitits and Their Significance for the
Fatigue Faslure, Z. Matallbunde. vol. 27, pp. 207280,

10

8

1005,
Peterson. I E_ and A. M. Wahl, Fatigue of Shafts
at Fitted Members with s Related Photoviastic
Analysin, J. .Cp'hd!ad-nn'ullwill IN
Woeilwl, E, E. Correlati v B
and Torsdon Fatigee Tests, fr-n. .!.s]ll vol. &1
pp. S01-516, 19ES

K., of End St

15,

1LS

17,

Marth Tade rangih-of
on-ferrons Metals at Points of Load Application,
Lqﬂfdﬂ-’aﬁk_'ﬂ.ll P 176-179, 1635,

Ay 8. J., and L Jocdan The Influence of

Howeser, the fatigue strength of pree-fitted
bmmmlh initially present
in the pross it (ref. 11), an illustrated in Fig. &
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