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Abstract. Mechanical components subjected to cyclic stresaesbreak with lower loadings than the necessary t
rupture in an almost static loading. Besides thading, the geometry and the surface finish, as aglbther factors
that influence the properties of the boundary laglatermine the number of cycles and the loadiaty¢bn be applied
to the component. In order to avoid possible faticaused by fatigue, components manufacturedriousamaterials
should be subjected to fatigue tests. The testsildhmimic the loads representing the loadings iniclwhthe
components will be used and allow the designemsuee that they have sufficient resistance to adheir future
activities and be able to withstand the loads thidk be assigned. These tests are time consumingitarresults are
quite dispersed, so, for this reason, it is necgssaperform many tests in order to get a relial@sult. To reduce the
evaluation time of fatigue behaviour of small comgrts, an equipment for rotating bending test witkitiple parallel
axes, controlled by a single servo-controlled moat@s designed and built. To certify the adequatetfan of the
equipment specimens made of AISI 1020, cold draeel bars with 8mm in diameter, with a central syalation
were machined with the same machining conditiona @NC lathe, thus representing the element undatuation.
For the analysis of failures, tests were conduateder different loads, applied in the free extrgmmat a preset
distance from the strangulation, where the testllbog a weight is applied. The results show a tydiedaviour that
has been observed by Wohler, reducing the numbeyabds with increasing load and presenting inérife for loads
below the critical stress. However, it was obsertreat the dispersion of the results was quite lasgkich requires a
refinement of the test to ensure reliable informatio the designer. No dependence of the individx# of the
equipment was observed.
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1. INTRODUCTION

Any material when subjected to cyclic stressesigesptible to failure, so it is necessary to maefications and
validations about the resistance that the matéwdal in order to avoid damages possibly causedchéyfdilure or
breakage of materials. Fatigue tests allow to itigate and predict the behavior of materials, ahiify which places
are susceptible to failure, which is very importémt the medical and dental fields, where smalltakiss can bring
irreparable damage. Thus, it is possible to realiz¢ the importance of fatigue tests is growinghvihe demand for
implants.

The fatigue test is used to determine the fatigfeelbcate faults and define the behavior of materwhen exposed
to changes in load or disturbances. Generallydbkei$ repeated with different load cycles, buhvidtentical samples.
It is important to carry out the tests less congid and time-consuming way in relation to the conemt will be
subjected throughout his life, as in the aircraftustry, for example, where many years of servieereduced to a few
months for the tests to be performed, and only ami&vo prototypes of a new aircraft are used fas.thlowever, in
these cases, you must keep a known relation bettheszxperimental results and their performanceeiwice, and take
into account also the need to test the abilitydoueately reveal the structure and the fatiguestasce. Shorten the test
has the advantage of eliminating the rest periodstle very small range of loads without affectihg results. Entails,
however, the drawback of complicating the analysguired for the relationship between the resuit performance,
in addition to making it difficult to relate thevés of the test and the expected service, beingssacy to use different
assumptions to correlate (Rosa, 2002; Instron).

Fatigue occurs by stresses, which originate byicythstic deformation at critical sites and thatturn, damage the
material, yielding a fatigue crack growing enoughidsult in a final break (Callister, 2005; Rosa02).

Fatigue is a permanent structural change of a lteamely, progressive failure or breakage ofrttagerial. It is
originated when subjected to a lower load at thatimum that the material is able to withstand arthppens because
of repeated cyclical solicitations. The cracks fednin the region of maximums of stress on the carapbcause the
slow rupture of the material, this being the reafwrthe gradual reduction of the carrying capaoitthe component.
The fatigue strength is defined as the number ofesythat a component resists when subjectedgiven load. The
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infinite life is defined by the load which does ntduse the nucleation of cracks and therefore do¢dead to
component failure (Callister, 2005; Rosa, 2002trorg.

The material fatigue is the most common causeldhalcauses of failure of mechanical componenkté¢chvmeans
gradual decrease in load capacity thereof by tbe direakdown of the material. This occurs as alresuthe
advancement of the cracks formed therein, andgtioiath occurs for each stress variation (Collirg93).

A system that no longer performs the necessartifume for which it was designed can be said asledfaystem
and may or may not be associated with rupture orpoment fracture. For causing economic losses,rgfgatahuman
lives and interfere with the availability of prodsi@and services, the flaws in materials are alrabghys undesirable.
The failure occurrence ratio is given the choicd amproper processing of materials, and the ingppate design of
the component or its misuse. And while the cau$ébese failures are known, it is hardly possileshsure that they
do not occur, so it is important that the engineerresponsible for planning and anticipation ofslule failures,
because if it happens, one can evaluate the cansetake appropriate preventive measures in ocdpravent future
incidents (Callister, 2005; Rosa, 2002).

The process of fatigue failure shows a remarkalidpedsion in the results, and this can lead to ifstgmt
uncertainties of fatigue life. This dispersion ocas a consequence of fatigue sensitivity andeftésts parameters
that cannot be controlled accurately. Includechase are: manufacturing parameters of the specisngiace integrity,
metallurgical variables, residual stresses anditegtiency (Callister, 2005; Rosa, 2002; Schij\@)D).

The dispersion of data, according to Rosa (20@2p feature that should be considered in any pmolleat is
related to fatigue, especially when lives are gretitan 10 cycles. This occurs as a result of nucleation ggscwhich
in turn, is strongly influenced by metallurgicahomogeneities, which are dispersed throughout tieme of the
material, randomly.

According to Wohlerpud Callister (2005), the greater the magnitude ofginess, lesser the number of cycles that
the material is able to withstand before fracturie S-N curve tends to become horizontal at migladues of N,
therefore below the stress threshold level, fatitioiit, the fatigue failure does not occur. Theidate limit is the
highest floating stress value that will not cals@ife to an infinite number of cycles.

Fatigue has been known for over 150 years, maatlyrietals that have a lower resistance under dgondibf cyclic
loading compared to static charge. For over a cgrihe common engineering practice has been toactenize the
fatigue resistance against cyclic loading matetialsugh Wohler curves, also called S-N curves-dt. This curve is
used to obtain the fatigue life for each load levidie typical S-N curve, which can predict the lifea component
when subjected to a given level of alternate sti¢smn be observed in Fig. 1 (Leeal, 2005; Schorapud Pinagé,
2012).

Figure 1. Typical S-N curve.

This graph represents the stress amplitader (S: vertical axis) against the logarithm of thember of cycles until
the fatigue failure (N: horizontal axis). Indicatedthe graph, you can see three distinct and defiined regions. In the
region | the stress is close to the limits of eadige of the material. The region Il is called thénite life of the
region. And in region Il it was observed that theess tends to a limiting value, called the fatidumit, where,
regardless of the number of cycles as long astthessremains below this value, failure does notio¢Callister, 2005;
Leeet al, 2005; Pinagé, 2012).

2. MATERIALS AND METHODS

In order to evaluate the fatigue behavior of smalhponents, a testing machine for rotating bendatigue tests
was designed and build. This machine presentsasiilpl axes centrally driven by a servo-controliedtor (Fig. 2a).
At the free end of each of these axes is fixedegzigpen. Each specimen is provided with a bearing/oich the load is
applied, and this load is performed by calibratetses.
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For the validation of the above-referenced equigmgrecimens were manufactured in cold drawn ARQ as
shown in Fig. 2b. The rotating bending tests wendgomed at 16Hz, at room temperature of 22°C,rotlet] by an air
conditioner. Tests are performed on the six axésting simultaneously with the application of there or distinct
loads in different specimens.

(b)

Figure 2. (a) Rotating bending fatigue testing pqent; (b) specimen geometry

To perform the tests loads ranging from 5kg to 1Qkage applied. With these weights a maximum tensile
stresses of ~1415MPa was obtained, leading to preeneupture of the specimens until tensile stresge~-705MPa,
which led to infinite life as a result of the testéus, it was possible to predict the region wtseparates the regions of
high and low fatigue cycles and the region of iditife of a classical Wohler curve.

3. RESULTS AND DISCUSSION

For the different axis and variable loads, graplesengenerated, obtaining in this way the individ8al curves
(Wohler) for each of them. As expected, meetingsecifications of S-N curves studied, the load ¢t influence
on the test results. Decreasing the load, the numbeycles that the specimens resisted, increasetil, at a limit
tensile stress, resisted 10 million cycles andhiatdtress it was considered that they had infiifie

The first tests, named 1, were performed at the axiand the results are shown in the graph of Fidror high
tensile stresses the number of cycles decreaseByrapth the diminution of the stress. Thereaftiee curve begins to
flatten at a tensile stress slightly below 800MiRayther words at the transition between 5.5 afdk§.of applied load
on the specimen. These results do not enable dusimt on the dispersion of the data for high stess since the tests
on each axis, with the same load, were few in numbe

One of the probes presented a rupture of the bétdy 4,652,000 cycles for a maximum tensile stnesar to
780MPa. This result was considered a point outtigecurve, because its breakdown stress was bdlevalmost
horizontal line, which represents the infinite lttnsile stress and also for having been the gmégimen that broke
when subjected to load 7.5 kg.
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Figure 3. Wohler curves for tests 1: (a) Linealescéd) Logarithmic scale.

The graphs of Fig. 4 show the results of the t2stgerformed on the axis 2 of the testing equipme&his curve
begins to flatten slightly to 800MPa. An experimaht tensile stress of 850MPa reached its encd82000 cycles.
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This result is not considered an outlier becauseiit the unstable region of the curve, where oxthe transition from
finite to infinite life and several specimens wittis stress have been tested.
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Figure 4. Wohler curves for tests 2: (a) Lineadesc@p) Logarithmic scale.

The results of tests 3, carried on axis 3, are shiaviFig. 5. This curve does not exhibit atypicains, all of which
are presented in compliance in the curve plottedwithout much discrepancy between a result anther.
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Figure 5. Wohler curves for tests 3: (a) Lineadesc@p) Logarithmic scale.

Figure 6 presents the results of tests 4, prodooeaiis 4. This graph is very similar to that shaamlier in Fig. 5,
since there are no points far from the curve datie@. In addition they present the same transdfdimited to infinite
life, where the stress is equal to 780MPa and timelrer cycles, 10,000,000.
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Figure 6. Wohler curves for tests 4: (a) Linealescéd) Logarithmic scale.
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The tests 5 were performed on axis 5, and its a&ahown in the graph of Fig. 7. On this axis,gbmts with the
greatest discrepancy between them refer to a ¢esiséss of 920MPa, where the curve begins toidpetlsi horizontal.
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Figure 7. Wohler curves for tests 5: (a) Linealesc@p) Logarithmic scale.

In the graph of Fig. 8 are shown the results aktés made on axis 6. This shows a little scattéh® results, even
though this is the axis with the largest numbetested specimens. The small divergence found fedegsr also, to
transition region of the curve.
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Figure 8. Wohler curves for tests 6: (a) Lineadesc@p) Logarithmic scale.

All data collected during the validation of theifate bending test equipment on all axes, and &#réint loads are
represented in order to present the general S-Wedwghavior obtained with the tests. These reaséishown in Fig. 9,
where a large dispersion of data can be viewed.
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Figure 9. Mean results of the behaviour of the BulVe for all tests: (a) Linear scale; (b) Logamiib scale.
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The dispersion of the data, according to Rosa (082 feature that should be considered in epesplem that is
related to fatigue, especially when lives are dM@rcycles. This happens as a consequence of nugleakiizh in turn
is strongly influenced by metallurgical inhomogeissi, which are dispersed by the volume of mater@adomly.

The distribution of fatigue life in any test is @dered unknown and, in certain situations, quiteglex due to the
many factors of influence on it. To simplify theadysis, it is assumed in this practice that thetdgm of fatigue lives
are normally distributed. That is, it is assumedt the dispersion of N is the same for both stiegsls, high and low
(Callister, 2005; Rosa, 2002).

According to Callister (2005), the greater the niagte of the stress, the lower the number of cytled the
material can withstand before breaking. The S-Netends to become horizontal at higher values,dfdd¢ause below
the limit stress, fatigue limit, the fatigue fakudoes not occur. This fatigue limit representshilydest value of floating
stress that will not cause failure for an essdstiafinite number of cycles.

The same author further states that there is al@agensiderable dispersion of fatigue data, i.eargation in the
value N measured for a number of samples testeth@rsame tensile stress level, which may lead samaificant
uncertainty when the fatigue limit is being cons@tk The dispersion of the results is a consequeht®e sensitivity
of fatigue to a number of test parameters thatrap@ssible to control precisely (Callister, 2005).

4. CONCLUSION

The rotating bending fatigue tests conducted orllspacimens made of drawn and CNC machined SAD s62el
show that regardless of the axis on which theigeperformed and regardless of the load appliesljrifiluence of the
equipment on the results can be disregarded. Theislevice meets the requirements of a rotatingibgrtest.

What about the occurrence of the dispersion oflt®saccording to Callister (2005) and Rosa (20@43, common
in fatigue tests. The authors say the resultstajue tests are characterized by wide dispersiaesilts due to factors
such as variations in the dimensions of the teslidsoand the surface finish, not homogeneity of rtiaderial, test
conditions for each specimen and machine precisizal assays.
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