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surface integrity

Introduction

Components of machines,
frequently subjected to cyclic loads, which in sotases may lead
to their failure due to fatigue. Fatigue crackshese components
usually may be initiated in geometrical featurebjolr cause local
stress concentrations, in most cases at the surfaees, it is well
known that the fatigue life of a machine componeepends
strongly on its surface layer condition. Fatiguackrnucleation and
propagation, in most cases, can be attributed ttacgi integrity,
which includes surface roughness, structure amrgsitonditions of
the surface layer. The importance of surface iitiegrcreases with
increasing loads, temperature and frequency. Téé®es critical
for high strength steels, which are more sensitige stress
concentration.

The surface layer is determined by manufacturingcgsses,
and mainly, by finishing treatments. Machining iscampetitive
alternative process for producing a wide range afchmanical
components, such as gears, cams, shafts, axleotheds. The
process of machining steel is complex and the serfgenerated is
influenced by several variables: steel propertédastic and plastic
deformations), tool material and geometry, vibmatdd cutting tool,
cutting speed, feed, depth of cut, lubricant, &esides, previous
works have shown that in the machined surface ahls@ damage
region is produced that is different from the bolkthe material
(Benados and Vosniakos, 2003, Bailey, Jeelani aeck®, 1976
and Zahavi and Torbilo, 1996). During machining turface layer
is subjected to elastic-plastic deformation andihgawhich result
in structural changes, strain hardening and rekisluesses, while
irregularities may appear, creating surface rougbne

The influence of cutting parameters (cutting spéeel] rate and
depth of cut) on surface quality, and consequeotlyroughness
surface, is well studied. A large number of analiti and
experimental studies have been conducted on surfaghness of
steels in machining operations. These researchla@wents have
been performed with the objective of optimising thatting
conditions to obtain surface finish (Trent and Witjg2000 and
Yang and Tarng, 1998).

Darvim (2001) studied the influence of cutting citimehs on the
surface finishing obtained by turning. Accordingthis paper, the
cutting speed had the greatest influence on thghmess followed
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by the feed rate. The depth of cut had no signifidafluence on the
roughness. Similar results were found by Feng (2001at also
observed that in addition to feed rate, nose radvosk material and

vehicles and structures aspeeds, the rake angle has a significant influemcehe surface

roughness.

Abouelatta and Madl (2001) showed the possibility o
predicting roughness parameters of carbon stealsdban cutting
parameters and tool vibrations in a turning machifige results
obtained are fairly accurate and convenient fodistang roughness
parameters. The maximum height roughness param@Rgr
depended greatly on the rotational cutting speed \mark-piece
diameter.

The surface integrity in finishing hard turning ase-hardened
steels was analyzed by Rech and Moisan (2003).€Theshors
observed that the CLA average roughness$ ifiRreases with both,
cutting speed and feed rate, but the latter isrthim parameter that
influences the surface roughness compared withirtfieence of
cutting speed.

All above listed papers concluded that surface hoegs
parameters of steels increase with increasing feedbut decrease
with increasing the cutting speed and the depttugfrespectively.
For the majority of these authors, the feed ratethis main
influencing cutting parameter on surface roughne$ssteels.
Besides, the vibratory response of a machine tgsiem is also
important in the development of the surface roughn@enardos
and Vosniakos, 2003, Thomas and Beauchamp, 2003argland
Seireg, 1989).A comprehensive review of publishetiadwhich
addresses the effect of machining and surface ribgegn fatigue
life has been made by Novovic et al. (2004). Acowdo these
authors, there is some disagreement in the literaibout the
influence of surface roughness on fatigue lifemost cases, it has
been reported that fatigue life increases with esing surface
roughness. This effect diminishes fog 8 0.1 um. However, for
roughness parameter Jbetween 2.5 and jpm, Koster (1991) has
found that the residual stress is the most imporactor on the
fatigue life of structural alloys. This effect deases with an
increase in temperature due to the relaxation efdual stress.
Similar results were found by El-Helieby and co-keys (apud
Novovic et al. (2004)).

The effect of cutting speed and tool rake face ergt the
fatigue life of 2024-T351 aluminium alloy was arady by Jeelani
and Musial (1984). Specimens of these materiale waachined at
cutting speeds between 0.5 and 1.5'msth tool angles in the
range between 10 and B0The fatigue life of the machined
specimens was found to increase with increasingnguspeed or
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tool rake angle. Besides, the fatigue life of thecdgmens machined
at higher cutting speeds was higher than that efvitgin material
(polished), due to the presence of compressivduabBstresses.

The fatigue strengths of machined and as-cast casfaf
ferritic SG iron have been compared by Starkey lavidg (1982).
The endurance of machined specimens was found kigber than
that of as-cast surfaces. Micro pores initiatetlifaiin the machined
specimens, whereas surface irregularities or dde$scts initiated
cracks from the as-cast surface.

Taylor and Clancy (1991) have compared the fatijué of
the EN 19 steel (equivalent to AISI 4140), usingirfaypes of
machined surfaces produced by polishing, grindimgling and
shaping. The residual stress was eliminated by theattment. They
found that fatigue limit of ground surfaces deceshswhen
compared to polished specimens, that is, the fatiigoit decreased
with increasing surface roughness. However, a cosga of the
fatigue limits of the specimens with ground surfagéth those of
milled surface specimens showed an opposite teyddémat is, an
increasing of fatigue limit with increasing surfaceughness.
Besides, there was not observed difference betfegigue limits of
the polished and fine milled specimens, even thosghface
roughness values were quite different.

The effects of surface roughness on cracking tiotiaand S-N
curves of a Ni-Cr-Mo steel were studied by Itogaakt (2003).
Surface roughness was the most important influgnéactor in
short life regime, and the fatigue life was founddecrease with
increasing surface roughness. On the contraryong life regime,
surface roughness exerted no influence on fatigiee because
cracks nucleated at inclusions and grew insidespl@eimens.

Arola and Williams (2002) found that the high-cy&gigue life
of machined specimens of AISI 4130 steel is surfegture
dependent, and that the fatigue strength decresgkdn increase

in surface roughness from 2 tqué. On the other hand, an increase &

in fatigue life occurred with increasing surfaceughness under
low-cycle fatigue. It was also found that the nosamsitivity of
these machined specimens did not change signifjcaith surface
roughness.

The effects of surface roughness, work-hardeneerland
humidity on S-N curves of high strength AISI 434ed was
studied by Nakajima et al. (2003). Buff-finished darlectro-
polished specimens with two different surface ctiods were
prepared. Fatigue lives were longer in the bufisfied than in the
electro-polished specimens, due to the presenaenairk-hardened
layer.

Some studies of deformation of polycrystals showt tthe
surface roughness increases with plastic strairtk@e 1998 and
Yue, 2005). Under fatigue loading, it was foundtthiee surface
roughness increased with fatigue life, and the medtion is
localized in some specific places, where microksaare nucleated
(Yue, 2005).

As shown, the importance of both surface roughrass
integrity is well recognised, with many experimérgad analytical
models relating these characteristics with fatidifie However,
there are only few results in literature that shibw influence of
machining cutting parameters on fatigue life of cwmencial steels.
In general more attention is given on the influen€grinding on
fatigue strength. However, in these days matecatsbe machined
and finished with newly developed tools, elimingtithe need for
other finishing operations. Thus, it is necessavy khow the
relationship between fatigue parameters and cutipgrations. In
the present study, the influence of cutting spelegth of cut and
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feed rate on the fatigue endurance of turned sm@mof
commercial AlSI 4140 steel is analyzed.

Nomenclature

a, =deph of cut,mm

f =feed rate, mm/rev

R, = CLA, average roughnegsn

Ry = root mean squarg;m

R, = maximum height roughness parametan
V. = cutting speed, m/min

Experimental Procedure

In this investigation the AISI 4140 steel was ussdthe work
material whose chemical composition (wt%) is givenTable 1.
The microstructure of this steel is comprised ofifie and perlite.
This material was supplied as laminated cylindrimais about 3,000
mm long with a diameter of 16.88 mm (5/8 in).

Table 1. Chemical composition of the AISI 4140 stee .

Element C Mn Si Cr Mo Fe

0,40 0,88 0,28 0,95 0,20 balance

wt%

As-received the material was normalized. After hesatment,
fatigue specimens were turned to the configuragtoown in Fig. 1.
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Figure 1. Test specimens — Dimensions in mm.

The as-received bars were turned with the cuttiagampeters
shown in Table 2. All these conditions are usefinishing turning
operations. They were chosen in order to have s with three
different feed rates (group 2, conditions 2.1 t8)2three different
depths of cut (group 1, conditions 1.1, 1.2 and),2ahd three
different cutting speeds (group 3, conditions 3.2,and 2.1). Thus,
each group has two constants and only one varighlting
parameter. These specimens will be designated diogoto their
condition number hereafter (Ex.: condition 1.1,).efthe turning
process was carried out using a CNC lathe modeli R@mtur 30D
with emulsion as a cutting fluid (Esso, specifioatiKutwell 40) at
concentration of 6%. The selected cutting tool vezsnented
carbide (WC+Co+TiC+TaC), specification of DCMT 113D4 —
PMO05, WAM-20 and coated by TiN. The used tool geoyneas as
follows: rake angley = 6, clearance angle, = 5, approach angle
x: = 60 and inclination anglé\s = 0°. The tool-holder used for
machining the specimens is PDJCR2020. Both, cuttogj and
tool-holder were produced by Walter do Brasil. Adists were
carried out with fresh edges (without wear) on ingtttools. An
optical microscope was used to control the cuttoa wear
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Influence of Machining Parameters on Fatigue Endurance Limit of AISI 4140 Steel

Table 2.Cutting conditions of the as-received steel bars.

Group 1 Group 2 Group 3
Ve = 60 m/min Ve = 60 m/min f=0.12 mm/rev
f=0.12 mm/rev & =12mm 3=12mm

Condition 1.1 Condition 1.2 Condition 2.1 Condition 2.2 Condition 2.3 Conditidi1 Condition 3.2

=04mm a=2.0mm f=0.12 mm/revf=0.18 mm/rev f = 0.25 mm/rev v. = 15 m/min v, =100 m/min

After turning of another fifty specimens, their faoes were

finished by grinding and polishing to achieve afate finish of R Experimental Results; Preliminary Results
= 0,15 + 0,01um in the gauge length. These specimens are

designated as polished hereafter. They were usedetwrate The monotonic mechanical properties of SAE 414@I|stee
reference mechanical properties. summarized in Table 3.
Surface Roughness M easur ements Table 3. Mechanical properties of AISI 4140 steel.

Ultimate Tensile 0,2 Yield Strength Hardness

After turning with each combination of cuttin ers, the
surface roughr?ess was measured. A surfacegep\%ayetem Strength ours (MPa) %2 (MP3) (HV)
(Surftest SJ-400 perfilometer, Mitutoye)as used in the surface 964.95+ 21.84 758.0% 31.55 249 30
roughness measurements over the turning surfades. stirface
perfilometer was set for a 0.8 mm cut-off lengthrf&ce roughness As shown in Fig. 2, the surface roughness decreasts
was evaluated using the arithmetic mean valyg (Re Root Mean increasing depth of cut. At depth of cut of 0.4 mhe roughness
Square (B, and the peak to valley height or maximum heighparameters are very high, decreasing consideraltly increasing
roughness parameter JRver the gauge length of 80 mm (Fig. 1) ofdepth of cut to 1.2 mm. Further increase in deftbub to 2.0 mm
all specimens. The surface roughness measurement®ach caused no significant change in the surface rougshaokthe steel.
specimen were repeated four times. The averageevati all

specimens of each condition have been used as golt. 327 T T T T ]
.28 .
Tensileand Fatigue Tests 5 24 - I\T ]
. . . ) o 20 ]
Tensile tests were performed on a tensile testiragchine © L j b
(INSTRON) with head speed of 200 mm/min, at roomgerature “F I l 1
(22 °C) according to ASTM E-23. Vickers hardness tesevew 1'202 ' 0I6 ' 1'0 ' 1'4 ' 1'8 ' 22
performed according to ASTM E-92. 40 . : : : . '
Fatigue tests were carried out at room temperaapplying a L |
cyclical frequency of 58Hz, with mean stress egoatero (R=-1), T 30} i
on a rotating-bending fatigue testing machine of tonstant = L |
bending moment type. The specimens are subjected donstant ook i
bending moment along its gauge length (80 mm adegrd Fig. 1) x L ]
between the inboard bearings. The specimens weoéedoto 1.0 . I I L N—
maintain the constant temperature 0£28C during the test. 0.2 0.6 1.0 1.4 1.8 2.2
The staircase or up-and-down method was used ¢ordiete the 20— T 1T T ]
fatigue limit of the specimens (Collins, 1993 aneklet al., 2005). . 200 | .
15 specimens of each condition were used for datérg the g_ 16.0 ]
fatigue limit, as follow: The first specimen wassted at a stress ~ 120k ]
level higher than the estimated fatigue limit uiitiéither was failed x 8ok h
or was ran out. As run out criterium it was cho810° cycles. If 4'0 L . . . . 1
the specimen failed before reaching 2X1ycles, the stress level 02 0.6 10 14 18 »5

was decreased by a pre-selected increment ané¢bad specimen
was tested at this new lower stress level. If ibg Epecimen ran Depth of Cut (mm)

out, the stress level was increased by the pretseléncrement and Figure 2. Influence of depth of cut on surface roug  hness parameters.

the second specimen was tested at this new higtessdevel. The

test was continued in this sequence, with eachesuaiicg specimen An increase of feed rate causes an almost lineaease of all
being tested at a stress level that was abovelowlits predecessor. measured surface roughness parameters, as shdig B

The obtained experimental data were statisticallyalaed

according to Lee et al. (2005), using the Dixon-Manethod (Lee

et al., 2005 and Lin et al., 2001).
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Figure 3. Influence of feed rate on surface roughne
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SS parameters.

As shown in Fig. 4, the effect of cutting speedtbe surface
roughness parameters is similar to those in Figh& is, surface
roughness decrease initially rapidly, then slowlyth increasing
cutting speed. At low cutting speed, the roughrEammeters are
very high, decreasing considerably with increastugting speed
from 15 to 60 mm/min. The decrease in the surfacgtiness is less
significant at higher cutting speeds.
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Figure 4. Influence of cutting speed on surface rou  ghness parameters.

All these results here observed are in accordante tvose
addressed in the literature (Benardos and Vosnjd@33, Bailey,
Jeelani and Becker, 1976 and Abouelatta and M&b1p The
variation of all measured roughness surface pamsiets
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summarized in Table 4. It can be observed thagtbatest changing
of average surface roughness parametefsa(id R) is caused by
the feed rate, when compared with cutting speeddapdh of cut.

This is also in accordance with some previous gheli papers
(Abouelatta and Madl, 2001 and Thomas et al., 2008 change
of maximum height roughness parametef) (R similar for all

conditions.

Table 4. Changing of the surface roughness paramete
parameters.

rs with cutting

Changing of surface roughness
parameters (%)

Ra Ry Re
Feed rate (f) 66 65 52
Cutting speed -41 -45 -56
Depth of cut (g) -38 -40 -50

Fatigue Experiments

The fatigue limits of the specimens machined adaogrdo the
conditions showed in Table 2 were determined usiegstair case
method. Since all experiments are similar, in thagper it will be
showed only the results of these tests for one itiondof each
group of the Table 2. The experimental tests of specimens
machined according to condition 1.1 were performeith
alternating stress varying from 323.15 to 381.09aMPig. 5). The
fatigue limit of this condition was found to be efjiuo 287.96 +
21.54 MPa.

g 450 T T L | L | T T L | T T

=3 - ® Failure |
@ 410 @ Run Out

o I _
n 370 F M
4 [ |
= —
= 330 |

< L

et 200 P I I R SR R | T
< 0 2 4 6 8 10 12 14

Specimen Number

Figure 5. Stair case fatigue test - Condition 1.1.

The stair case test of the specimens of the camd2il with
alternating stress varying from 395.97 to 424.54aNis®showed in
Fig. 6. The fatigue limit for this condition 2.1 svéound to be equal
to 366.84+ 16.32 MPa.

& 520
=3 i s Failure
9 480 ; -
o i Run out
o 440 .
(=] L
=
< 400 |- -
c L
g 360 | | | | | | |
< 0O 2 4 6 8 10 12 14 16
Specimen Number
Figure 6. Stair case fatigue test - Condition 2.1.
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Influence of Machining Parameters on Fatigue Endurance Limit of AISI 4140 Steel

The stair case test of the specimens of the camdi.1 was
performed using alternating stresses from 366.661th06MPa, as
shown in Fig. 7. The fatigue limit of this conditi@.1 was equal to
341.10+ 13.72 MPa.

& 500

= 460- » Failure 1
? L o Run out

£ 220 .
by L |
o 380 |- ]
£ L ]
g 340 - .
= L |
= 1 1 1 1 1 1

p 300

0 2 4 6 8 10
Specimen Number

12 14

Figure 7. Stair case fatigue test - Condition 3.1.

The influence of depth of cut faon fatigue limit is shown in
Fig. 8. The fatigue limit of AISI 4140 steel incees almost 18%
with increasing depth of cut from 0.4 to 1.2 mmrtRar increase in
depth of cut to 2.0 mm has no pronounced influemcté¢he average
fatigue limit of this steel. However, the dispersiof the fatigue
limit increases with increasing depth of cut. Théiuence of depth
of cut on fatigue limit is similar to those obsethvia Fig. 2.

400 T T T T T T T T
380 [
360 |
340 |
320 |
300 F

280 I N 1 N 1 N 1 N 1
020 060 1.00 140 180
Depth of Cut (mm)

Figure 8. Influence of depth of cut on fatigue limi  t.

Fatigue Limit (MPa)

2.20

The fatigue limit of AISI 4140 steel increases adinkinear with

increasing cutting speed.fyvas shown in the Fig. 9. This result was

expected, since increasing cutting speed leadm#dler roughness
values. Besides, the cutting speed had no influendbe dispersion
of the fatigue limit.

400 T T T T T T T T
380
360
340
320
300

280 L | L | L | L |
30 50 70 90
Cutting Speed (m/min)

Fatigue Limit (MPa)

[any
o

110

Figure 9. Influence of cutting speed on fatigue lim it.

The fatigue limit of the AISI 4140 steel is onlyigsitly
influenced when the feed rate (f) is increased fi@t2 to 0.18
mm/rev, as shown in Fig. 10. A sharp decrease tigu@ limit is
observed when the feed rate is further increaséti2®d mm/rev. It
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was previously shown that surface roughness inecea@most
linear with increasing feed rate. Thus, it was expe a similar
behavior between fatigue limit and feed rate. ttdmes evident that
fatigue limit is determined not only by roughnesdues. Residual
stresses originated by machining are also impartant

400 — T T T 1
360
320
280
240
200

160 N | N | N | N |
0.11 014 017 020 023
Feed Rate (mm/rev)

Fatigue Limit (MPa)

0.26

Figure 10. Influence of feed rate on fatigue limit.

The variation of all measured fatigue limits withutting
parameters is summarized in Table 5. The mostanflyparameter
on fatigue limit is the feed rate. This is in adamce with the
surface roughness results (Table 4). However, thages of fatigue
limits with cutting parameters are quite lower thiuat observed
previously by the roughness parameters. Thus, th@yroughness
parameters can not explain the changes of fatigutslof this steel.
The fatigue endurance of machined component depstnaisgly on
its surface layer condition. During the machinititg surface layer
is subjected to several phenomena, which resultstiuctural
changes, strain hardening and residual stresseke inegularities
may appear, creating surface roughness. The fatigug is
determined by all these parameters.

Table 5. Changing of fatigue limit with cutting par ~ ameters.

Changing of fatigue limit (%)
-38

Feed rate (f)
Cutting speed (y 12
18

Depth of cut (g)

To analyze the influence of residual stresses digu limit,

several specimens of condition 2.3 (with the ggateughness
values) were submitted to a stress relief heatrnresat. After that,
these specimens were submitted to fatigue testh, idéntical test
parameters as before. As shown in Fig. 11, thguatlimit of these
heat treated specimens increased almost 30% in artsop with

fatigue limit of non heat treated specimens. Besitlee influence of
feed rate on fatigue limit became almost lineanilsir to the results
previously shown between feed rate and roughndsgs/aFinally,

it also can be observed that the dispersion of hbat treated
specimens is smaller than those non heat treated.

= 40— T T T ]
o 360 F Heat Treated |
= b S ]
= 320 S i
e B N

3 280 _— \\ —_
L 240 A
% 200 Non Heat Treated ]
T o) A R N B

011 0214 0.17 020 023 0.26

Feed Rate (mm/rev)

Figure 11. Influence of feed rate and residual stre  ss relief on fatigue limit.
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The influence of residual stresses on fatigue liofippolished
(grounded) specimens, with surface roughness ®15 + 0,01um,
was analyzed. The stair case tests of specimetiésofondition just
grounded (without relief stress) and with strediefréeat treatment
are shown in figures 12 and 13, respectively. Ttigyde limits of
these conditions were equal to 395498.68 MPa and 305.502.17
MPa for specimens without relief stress and witritial treatment,
respectively Thus, the stress relief heat treatment causedraakee
of almost 23% of the fatigue limit of the annealkgokcimens in
comparison with those of non heat-treated specimens

T T T T T L

% | & Fajlure

bre ©  RunOut

é) 440 - -
I} L

je2)

S 400 | .
©

= L

2

< 360 1 1 1 1 1 1 1

0 2 4 6 8 10 12 14
Specimen Number

16

Figure 12. Stair case fatigue test — Polished speci mens without stress
relief.
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Figure 13. Stair case fatigue test — Polished speci  mens with stress relief.

The influence of roughness surface on fatigue $nof all
machined and polished specimens is summarizedgn . The
fatigue limit decreases almost linear with incregsiroughness
surface. This tendency is not obeyed when the spes without
residual stress (heat treated) is included. Besitieshighest value
of fatigue limit was reached in the polished spexis) without
relief stress. However, relief stress heat treatmanmachined
specimens can substantially raise their fatigueuentes. If
machined specimens with better initial fatigue tinthan that
previous utilized (Fig. 11) would stress relief haated, a higher
fatigue limit could be reached. Thus, it could beaper to produce
components using only commercial machining pararseted stress
relief heat treatment, than polished specimens.

Karina S. S. Lopes et al

The heat treatment after mechanical processinguead the
effects of residual stresses and cold work of thehimed surface of
the specimens. Two opposite effects on fatiguet Imhithe tested
specimens were caused by the residual relief streas treatment:
An increase of fatigue limit in specimens with highughness
parameters (R= 4,8um), and a decrease in the polished specimens
(Ra = 0,15um). The surface layer condition is determined by an
interaction between strain hardening, residual ssee and
roughness values. The specimen types showed distiucease of
surface hardness values after heat treatment, agnsim Table 6.
Considering that the heat treatment was exactlystirae for all
specimens, it is evident that the interaction betweesidual stresses
and roughness explain the changes of fatigue liritspecimens
with high surface roughness parameters, the resetuesses are
more harmful than those polished. Moreover, acogrdd Sasahara
(2005) and others authors (Novovic et al., 2004st&ig 1991,
Jeelani and Musial, 1984 and Starkey and Irvingd2)9residual
tensile stresses are introduced in the materidl eutting conditions
similar as those used in this work (condition 2.A8%tually, the
strain-hardened surface layer blocks propagatiofatijue cracks
and resists creation of the new ones. Such a lagsr outweigh
negative effects of surface roughness. Howevecgedine roughness
parameter values are very high for machined spewinjeondition
2.3), the notch effect is more effective than thfastrain hardening.
The maximum notch stress is very high in theseispats. The heat
treatment eliminated both, strain hardening andlves stress. The
reduction of residual stress leads to a decreaseagfmum notch
(local) stress that is more effective that the dase of fatigue limit
caused by the surface softening. These findingsirar@ccording
with the results reported by Du et al. (2004). he tpolished
specimens it is observed an opposite effect, hahe reduction of
fatigue limit is more accentuated than the decred$mrdness. The
decrease of hardness after heat treatment of pdlispecimens was
only 3%, that is, the effect of softening could lexp the reduction
of fatigue limit, only if the residual stressesrgduced by grounding
were compression, which is not in according withmeoresults
found in the literature. After several experimer8esa et al. (2007)
found that in all tests, tensile residual stresseee resulted from
grinding steel plates. Similar results were fouryddh-Axir (2002).
However, Matsumoto et al. (1991) reported that passible to find
compressive residual stresses after polishing. Anpressive
residual stress induced by grinding was found tprowe fatigue
life, according to Schwach and Guo (2006). Thuss ot possible
with these results to determine the real causekofeasing fatigue
limit in polished specimens.

Table 6. Hardness (HV) of specimens of AISI 4140 st eel.

Hardness (HV)

Change
Condition  Without Relief Stress After Heat treatment (%)
Machined (2.3) 256.7+ 33.9 196.5 19.5 -23
Polished 213.28.5 207.# 8.9 -3
Conclusions

This paper presents the influence of commercialtiraut
parameters during machining on fatigue limits 05AB140 steel.
Fatigue rotating bending tests were performed eelspecimens
with zero mean stress at room temperature. TheuRtilimit
decreases with increasing roughness parametersinflnence of
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Figure 14. Summary of fatigue limits of all analyze  d specimens.
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cutting parameters on fatigue limits is lower ththat on surface
roughness. The relation between residual stressasn hardening
and roughness surface plays a dominant role. Stedief heat
treatment causes an increase of fatigue limit aftimed specimens

ABCM
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with high roughness parameters and a decrease lished
specimens. The softening of both specimen type$isfienl and
machined) caused by the heat treatment is notaimihe sharp
increase of fatigue limit of machined specimens dige to
elimination of residual stress, which overcome d¢ffect of surface
layer softening.
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