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U.[k.Zupmpntigui, 00U Zupn pincigui
Znquudm pjut wipmpjuh uyqporiph juhwdnpiniip hwdwhm piniihg
Npny ‘Unpuignyt  (Yipoht) hnquwdmpjut  thnpdwpynmudubp gnyg Eu wwhu, np
hnquwénipjut Ynpbpp niikt’ tpynt hnqhwdnipjut vwhdwt: @npdwnpynudubpp gnyg
wnwihu twlb hnghwdmpjut puypuydwt ywpngkgh nidtn Jujunidp hwdwnipiniiuhg: Uju
EpYynt wpyniupubpp woluwnwiiph hhdtwljwt 4ynipbph Gu:

A.P.ApyTionan, P.A Apyrionan
3aBHCHMOCTS KpUTEPHs YCTAIOCTHOMN IIPOYHOCTH OT YaCTOTHI

Hexoropsle HOBeluIMe WCIBITAHWS HA YCTAIOCTh IIOKA3bIBAIOT, YTO KPHUBBIE YCTAJIOCTH
HMEIOT IBa Ipefeia YCTAJIOCTH. DKCIIEPUMEHTHI TAKXKe IIOKA3bIBAIOT CHJIBHYIO 3aBUCHMOCTH
IIpoIjecca yCTIOCTHOTO PaspyIIeHUs OT YacTOTHL. DTH B2 3P deKTa ABIAIOTCI OCHOBHBIMU TEMAMK
paborsL.

Some recent fatigue tests [1, 2] indicate that the fatigue curves have two fatigue limits.
Experiments [3] also indicate the strong frequency dependence of the fatigue fracture process.
These two effects are the main topics of the paper.

During cycling loading, for example, under the pulsating stress the plastic
deformation is accumulated [4]. The accumulation curves are similar with those
received in creep experiments. So they can be described by the following (Norton)

power equation ¢=Bo" expressed through the effective time Z = tf™ (f is
the frequency of loading),
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where t = N/ f (N is the number of loading cycles, t is the real time), B, m, a

are constants, € =———, £¢=1In (| /Io)’ Fy» |0 are initial, F, | — are current

| dz
values of cross section area and length of the specimen.

As it is shown in fig. 1, the plastic strain accumulation depends on the stress level
[4]. The two limiting cases can be considered.

In the low cycle regime the value of strain is high and material may be assumed as
incompressible. In the high cycle regime due to metal embrittlement the deformation is
small and equal to the value of damage parameter, which is defined as the relative
change of material density.

To solve the equation (1) we will use the mass conservation law:

po K ly =pFl (Pg > P are the initial and current values of specimen density).
For the incompressible material p = p, and from the mass conservation law

follows F,l, =F | . Introducing this relation into equation (1) and solving it for the

initial conditions Z=0, (t=0), | = Io we will have
1
=|1-(0/1,)) " |=Bo} z 2
—[1-(/1) "] =Boj @)

According to Hoff [5] the ductile fracture condition follows from (2) when
| - o0

my f-a_ 1
Gy tp f :E (3)

where tp is time to fracture.

16



Introducing relation t = N/ f into equation (3) we will receive Coffin’s

empirical frequency fatigue criterion for low cycle fatigue [6]

1
GmN f—(1+a):_ 4
o Np B 4)

where N, is the number of cycles to fracture.

Let’s consider the case of brittle fracture, when FEFO, so the mass

conservation law is expressed in the form | / |0 =p/ Po-

In this case the solution of equation (1) is

In(l/l,))=Bogtf * (5)
The brittle fracture criterion follows from (5) when t=1;, =1, p=p.,
8 = 8*
m —-o &+
ogt, %= (6)
olp B

Criterion (6) can be expressed through the number of cycles
8*
of N, f &) = 5 @)

For the common case of ductile-brittle fracture we will use the current value of the

coefficient of lateral deformation U = —Sy / €, =—¢, / €.

Introducing the following geometrical relation F, TFE=(1 |0) o™ into equation

(1) we will have

1d

=B ()" (8)

Assuming L=V, (GO) the solution of the equation (8) can be received in the

form
1 —2u.m m —a
2—m[1—(|/|0) |=Bogtf )
From (9) follows the ductile-brittle fracture criterion
1_ ef 2mo, &
ng t, f ™ =——— (10)
2mBu.

Criterion (10) can be expressed through the number of cycles
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1_ e—ZmU* €«
Ol N, f ) =2 — (11)
2mBv.

Relations for ductile (3)-(4) and brittle (6)-(7) fracture follow from (10) and (11) as a
limiting cases, when L, = 1/ 2, €, > 0,and L. — O

The theoretical fatigue curves according to the criterion (11) for the frequencies
f, =35 Hzand f, =500 HZ are shown in fig. 2. As follow from fig. 2, the

fatigue curves shift into the domain of great longevities with the increase of loading
frequency. This effect is in agreement with the experimental results [3].

Conclusions

A mechanical model describing the frequency dependent damage evolution in metallic
materials is developed and the fatigue fracture criterion is formulated.

Two limiting processes are considered.

In the ductile region it coincides with the Coffin empirical frequency criterion

For compressible materials it corresponds to the brittle failure criterion.

Theoretical fatigue curves are plotted. According to the experiments, the fatigue curves
shift into the domain of great longevities with the increase of loading frequency.
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