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Abstract: Fretting is now fully identified as a small amplitude oscillatory motion which induces a harmonic
tangential force between two surfaces in contact. It is related to three main loadings, i.e. fretting-wear, fretting-
fatigue and fretting corrosion. Fretting regimes were first mapped by Vingsbo. In a similar way, three fretting
regimes will be considered: stick regime, slip regime and mixed regime. The mixed regime was made up of initial
gross slip followed by partial slip condition after a few hundred cycles. Obviously the partial slip transition
develops the highest stress levels which can induce fatigue crack nucleation depending on the fatigue properties
of the two contacting first bodies. Therefore prediction of the frontier between partial slip and gross slip is
required.

1.INTRODUCTION

More recently fretting has been discussed using the third-body concept and using the

means of the velocity accommodation mechanisms introduced by Godet et al.[1,2]
Fretting regimes were first mapped by Vingsbo [3]. In a similar way, three fretting regimes will
be considered: stick regime, slip regime and mixed regime. The mixed regime was made up
of initial gross slip followed by partial slip condition after a few hundred cycles. Obviously the
partial slip transition develops the highest stress levels which can induce fatigue crack
nucleation depending on the fatigue properties of the two contacting first bodies. Therefore
prediction of the frontier between partial slip and gross slip is required.

This papers proposes several criteria to determine the transition between partial slip
and gross slip. A theoretical expression of the transition depending on the applied normal
force and the tangential displacement will be introduced in order to plot fretting maps. All the
relations exposed in the present paper obey the restrictive conditions exposed by Mindlin[4].
A ball on flat contact will be considered with a constant normal force P and a varying
tangential force Q. All the relations were written using Johnson'’s notation [5]

2. TRANSITION CRITERIA

From this rapid description of the sliding behavior, several criteria have been
introduced that allow for a quantitative determination of the transition between a partial and
gross slip behavior for alternated loadings.

2.1.The energy ratio

The energy ratio A between dissipated energy Wd and the total energy Wt was
introduced to normalizes the energy evolution as a function of the loading conditions.
In this case we analyzed the transition criterions for the case of one variable friction
coefficient between surfaces.In this case the energy ratio is calculate with the relation:

AEa\d(Torﬂ7kad’ra\’kas’a) (1)
8k, S (75, B Koy Ty Kesr @)

ad"a’ as

Aad(z-mﬂ’kad'ra'kas’a):
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The condition of the partial sliding can be written: A, (A,

Where : A, represent the critical energy ratio in the case of one variable friction
coefficient, being dependent by the contact conditions and by the material characteristics.
A, -has values corresponding with the parameters who satisfied the existence

J_e

Thus, solving the equation (2) results the first existence solutions for the fretting
contact :
k
T,ﬂx ad ass 1-—————=0 (2)
(0 ‘ ) ﬂkaf(TO'ﬂ’kad)
The solutions presented in the Fig.1 and Fig.2 depend on contact conditions and materials
characteristics.
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Fig.1.Solutions of the existence condition, K, (7, 8, K,q)
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Fig.2.Solutions of the existence condition, K, (7, 5,K.q)
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Solving the equation :
C,=r,-3C, (4)

results the maximum radius of the adhesion circler.

(1 can be written:
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In fig.3 and fig.4 we represented the dependence of the equation solutions (4) by the
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Fig.3 Solutions of the existence condition r, . (7., 8, K4 K., )

The graphic representation of the energy ratio in the case of variable friction coefficient
is in fig.5.
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Fig.4 Solutions of the existence condition, r_ (7,8, K, Ky, @)
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Fig.5 The dependence of the energetical ratio A A, (7, B.K.4. 1. . K., )

The critical values for A, is determined by graphic method or numerical calculation for
the existence conditions previous specified.

2.2. The sliding ratio

The evolution of the aperture of fretting cycles was also used as a transition criterion.
The sliding ratio was defined as:
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D=2 (5)

In this case we analyzed the transition criterions for the case of one variable friction
coefficient between surfaces.

If we consider the friction coefficient being variable, the sliding ratio will be:

S o(Tor BrKag o1 Ko, @)
D ”k"k,:froo ad’'a’ Mas 6

ad(TO ﬂ ad ra * a) 5frs(TO’IB’kad’ra’kas’a) ( )

The critical values of the sliding ratio is determined by graphic method or by numerical
calculus.

In fig.6 we represented the dependence of the sliding ratio D,,(z,, 8K, T,,K,., @) by

the materials characteristics and by the loadings of the contact, respectively.

2.3. The deferential criteria

The transitions between patrtial slip and gross slip can also obtained using a derivation
of the function Q=f(5) and w, = f (5) with regard to the displacement amplitude 6.

Two different expressions are introduced for each of these functions depending on the sliding
condition. Demonstration will only be given in the case of partial slip and for the force
approach.

2.3.1. The case of the partial sliding

In this case we analyzed the transition criterions both friction with constant coefficient
and for the case of one variable friction coefficient between surfaces.

a)Constant friction coefficient
In this case the relative displace will be:

5ars(/u’kas)=5ar (/u’kas) (7)
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Fig.6.The dependence of the sliding ratio, D, (z,, 8,K.q. 1., Ky, )
The first derivative is:
d
D 'kas :7§ars ’kas
o (1K) d (u.kye)
Respectively the second:
d2
Derz(/u’kas)z 5ars(:uvkas) (8)

The graphic representation of the two derivatives in relation with the contact loading is in fig.7
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Fig.7.The dependence of the differential criterion D, (u,k,, )

b) Variable friction coefficient
In this case the two derivatives of the sliding will be:
Dera(TO’ﬂlkad' a’ as'a) ds 5frs(T01ﬁlkad’ a’ asla) (9)

as

DerZa(TWﬂ kad a k (Z)— 2 é‘er(TO ﬂ kad a’ k a) (10)

dkZ,

The graphic representatlon of the two derivatives in
relation with the contact loading is in fig.8.
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Fig.8.The dependence of the differential criterion D,,,,(7,, 8,K. .1y, Kys, @)

2.3.2. The energetically case

a)constant friction coefficient
The first derivative of the energy in relation with the load is:
Dok 1)~ <~ AE, (K 1) (11)

as

Respectively the second:

42
Doy (K £2) = & ——AE, (k,q, 1) (12)

The graphic representation of this criterion in relation with the load is in fig.9.
b) variable friction coefficient
In this case the two derivatives will be:
Deeal(TO'ﬂ kad a’ as a) ds AEad (TO’ﬁ kad a? as (Z)

as

d?
dk 2 AEad (TO ﬂ kad a’ as 0{)

(13)

DeeaZ(TOIﬁ kad a’ as a) (14)
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The graphic representation of the two derivatives is in fig.10
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Fig.9 The dependence of the differential energetically criterion D_,(k,,, )
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Fig.10 The dependence of the differential energetically criterion D, (7, B, Kyl Kas, @)

The transition can be seen like a discord observed for the second derivative. For the
presented case the discord is observed for k,=0.28.

3. CONCLUSION

The analytical development for both the energy and the sliding ratio permitted better
identification of the fretting conditions and an expression of the theoretical expressions for the
boundary between fretting partial and gross slip conditions.

The calculations were complemented by experiments for two different tribosystems
which present different coefficients of friction. Comparison between the theoretical and the
experimental computations appears to be possible if the tangential compliance of the system
is taken into account.
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