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Abstract. This paper presents the results of the surfaégufatstrength of cast iron EN-GJSF
after grinding and burnishing with a force Bf= 1000 N, 3000 N, 4000 N and 5000 N. In
comparison to grinding, tests have revealed thatishing increases the surface strength by
about 140 — 170%. The research has demonstratethéhsize of plastic deformation increases
together with increasing strength. It was deternhitiat the form of graphite and its distribution
are essential to the development of fatigue cracks.
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1. Introduction

The elements of machines whose surfaces roll oh e#iter (operate "in contact") are
exposed to a specific type of surface fatigue wEhe. elements exposed to surface fatigue wear
include elements of rolling bearings, gears, caatts, The destruction mechanism for elements
operating in contact is complex and depends on rfeetgrs. Research has demonstrated [1-4]
that surface fatigue wear depends on stresses finenexternal load, the field of residual
stresses, material hardness and structure, thecsuifee energy, the properties of lubricant, the
geometry of rolling surfaces, surface geometriacstire, and the defects of surface and surface
layer.

Given the fact that the phenomena associated witface fatigue strength occur on the
surface or in the surface layers of machine elespethie condition of the surface layer is
essential. The condition of the surface layer renfed in the technological process of element
production, especially during final process operatj which are in the process of surface
treatment such as thermal, thermo-chemical, shaxiqdastic working.

One of the technological treatments of the deliteesdhaping of the technological surface
layer is burnishing, which involves the use of aaef effects - local plastic deformations. After
burnishing, as a result of local plastic deformagiothe physical condition of the surface layer
is changed, i.e. the surface smoothness and capagitoves, and the fragmented structure has
a much higher hardness, a higher degree of defmmaand a favorable distribution of
compressive residual stresses [6].

The tests indicate that the condition of the s@flayer of cast iron determines the surface
fatigue strength. The results of the tests aregmtesl in this publication.

2. The goals and research methodology

The aim of this study was to assess the conditidheosurface layer of cast iron EN-GJSF
after grinding (a traditional method of finishingst iron) and burnishing with the force Bf
1000 — 5000 N, with special emphasis on the infteéenf burnishing on the stereometric
condition of the surface layer [6] and the confatigue strength. Another important aspect was
the analysis of the process of formation and gravftiatigue spalling.
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2.1. Burnishing

Roller burnishing was carried out using a deviceoof own design mounted on a centre
lathe. A diagram of rolling is shown in Figure 1.

np

Fig. 1. Pressure rolling diagram

Pressure rolling (Fig. 1) is a static burnishingvimich the burnishing force is constant and it
acts on the object statically through the disk, aluhis in constant contact with the treated
surface during processinglhe figure shows that the effects of burnishing eshep on the
following technological parameters: for&with which a burnishing element is pressed onto
the surface of the element, burnishing fegdperipheral speed of the burnished elemgnand
the number of working passes.

The tool with the following parameters was usedtfar tests: disk diameter,B 60 mm,
disk radiusry, = 20 mm, Rockwell hardness 60 HRC, and roughiigs= 0,12 um. The
technological parameters of roller burnishing wasefollows: variable burnishing forde =
1000 N, 3000 N, 4000 N, 5000N, fege 0.21 mm/r, speed= 56 m/min, number of passies
1. During burnishing the surface was lubricatechwitachine oil (kinematic viscosity at 40° C
is 16.5 mms, viscosity index is 60).

The cast iron EN-GJSF with metallic ferritic matfixe 94 P6) was the following chemical
composition and mechanical properties were seldotethe testsC = 3.15%,Mn = 0.51%,9
=3.47%,P =0.10%,S= 0.1%,HB = 210,R, = 436 Mpa.

2.2. Contact-fatigue strength tests

Contact-fatigue strength tests were carried ouh @pecial test station of our own design,

which had three rollers applying a load to the smshples. The diagram of loads on the test
samples is illustrated in Fig. 2. The tests wemi®a out with variable clamping force of the
frequency of 7410 cycles per minute (4.446 milloyctles per 10 h) at the lod®l= 1425 N.
In the area of contact between the sample and i8leal a hardness 60 HRC, a stream of
machine oil was added. 10 fatigue spallings onstiéace of the test samples sized @ 36 x 10
mm were adopted as a failure criterion. Spallingseanrevealed by means of a vibration sensor
as well as measuring and recording devices.

3. Test results and their analysis

The results of tests into the condition of the aceflayer of the cast iron after grinding and
burnishing with the forc& = 1000 - 5000 N are shown in Table 1 [6]. Thesailte indicate
that the characteristic feature of the surface rlayfethe cast iron after burnishing is low
roughness and a different geometric structure ef strface (Fig. 3). The value of surface

462

© VIBROENGINEERING JOURNAL OF VIBROENGINEERING SEPTEMBER2011.VOLUME 13,1SSUE3. ISSN1392-8716



656.THE INFLUENCE OF SURFACE LAYER ON THE SURFACE FATIGSTRENGTH OF CAST IRONEN-GJSF.
STANISLAW LABER

roughness decreases when the burnishing forceaisesewithin the range &= 1000 - 4000 N.

At the burnishing forcd® = 5000 N, surface roughness increases again, whads to the
formation of microcracks and even surface flakiithe lowest surface roughness after
burnishingR, = 0.36um was obtained when the sample was burnished hétliarceP = 4000

N. With the increase in burnishing force from 1G004000 N, the bearing surface increased,
and at the burnishing ford&= 4000 N, it wasG,, = 38% andzs, = 80%. Such a high bearing
surface is connected with the shape of surfacgutagities that are characterized by a large

radius of the tops of irregularities.
/b\
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Fig. 2. Loads on samples to test surface fatigue stredgthpressure roll, 2 — guide rolls, 3 —
tested samplé, — load,P — components of loads in contact points

The detailed analysis of the influence of burnighiorce on the strengthening and the state
of residual stresses is extremely difficult becaoehe heterogeneity of the material. The
measurements are affected by significant errorsadme there are large differences between the
measurements on certain depths of the surface. Ielgavever, it is concluded that the surface
layer strengthens largely in the process of bumgshnd the strengthening index rises to 66%.

A characteristic feature of residual stresses dftenishing is that they are compressive
stresses, which might be an indication of the aluale of plastic deformation of the material
structure.

Table 1.The condition of the surface layer of the spherdielaitic cast iron EN-GJSF after grinding and
burnishing

Properties of the surface layer
Working type Ra Gy Gso U o1t 0y
[um] [%0] (%] [%] [MPa]
BurnishingP = 1000 N 0,51 14 43 5-21 - (289 - 667
BurnishingP = 3000 N 0,46 21 62 30-55 - (269 - 969
BurnishingP = 4000 N 0,36 38 80 33-66 - (316- 968
BurnishingP = 5000 N 0,42 6 29 36 -55 (342 —1072)
Grinding 0,53 9 27 5-26 [289 - (-393)]

Given the results of the tests into the influentéhe burnishing force on the properties of
the surface layer, one cannot determine which fasceptimal, due to the contact—fatigue
strength. Assuming that the preferred conditionthaf surface layer is characterized by low
roughness, a high proportion of bearing surfaceximam strengthening and the occurrence of
compressive residual stresses in the absence ohesion, it can be assumed that the optimal
force to burnish EN-GJSF B = 4000 N. When the burnishing force is largeremsgithening
and stresses have greater values, but the treatftess become clearly rougher and scaling
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increases, which is caused by exceeding the dritiegree of deformation in the subsurface
layer [6].

Fig. 4 presents the results of tests into the abftdigue strength of cast iron EN-GJSF
after grinding and burnishing.

i

Fig. 3.Technogicél surac of cast iron EN-GJSF: aerag'rinding b) after burnishigith the foree

= 4000 N. Enlargement 200 x

number of cycles x 1

GRINDING P=1000 P=3000 P=4000 P=5000

Fig. 4. Surface fatigue strength of cast iron EN-GJSF gftieding and burnishing

Comparing the changes in the surface contact—mattnength after grinding and burnishing
(Fig. 4), the strength increased after burnishorgttie whole range of the burnishing force. For
the burnishing forcé> = 3000 - 5000 N, fatigue resistance increased ftd®6 to 170%, in
comparison to the ground surface. It must be asduh@ an increase in fatigue resistance after
burnishing, compared with grinding, is connectedhwilastic deformation of the subsurface
layer, which increases as burnishing forces ineréashe process of burnishing. A decrease in
surface roughness, an increase in bearing suréecevell as a substantial strengthening and
formation of compressive stresses in the surfagerlaften accompany deformation of the
subsurface layer.

As a result of burnishing, the homogenization & surface geometric structure with mild
forms of irregular cavities was obtained (Fig. ®hich is associated with a reduction of stress
concentrators. A large bearing surface reducesdhe of unit pressure, and thus improves the
working conditions of elements.

In order to present contact-fatigue resistanceyaaapic observations of the surface and
the cross-section perpendicular to this surfadbénplace where fatigue spalling appeared were
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carried out (Figs. 5-8). Fig. 5 presents a typpieture of a pitting breach formed on the surface
in the place where graphite is liberated. A geneiek of the surface after pitting tests is shown
in Fig. 6a. It shows a gap situated in the cengeat of the picture and the grid of microcracks
all over the surface. The magnified image of theabh is presented in Fig. 6a. Figs. 6 b, ¢, d
and 7a show the area of changes occurring in theeps of pitting. Fig. 7b illustrates fatigue
spalling and the net of microcracks propagatingnftbe central part of the spalling. Inside the
spalling, there are products of the subsurfacerldgstruction. They are in the form of debris
(layered plates) - Figs. 6¢, 7a, and 7b. Probablgre are also wear products in a form of
rotational lumps ("eggs"), which are empty insidéigure 7c and 7d. In Fig. 8a there are also
visible wear products in a form of "an empty eggti &umps consisting of two joint "eggs."
Cracks initiated in spallings spread on the surtamdeep into the surface layer - Fig. 8b.

Iﬁf’%

Fig. 5. Microstructure of the surface Iayer after testmgttact fatigue strength of cast iron EN-GJSF
burnished with the force &f = 4000 N

Fig. 6. General view of the surface of a pitting breactlaretbstlng contact-fatigue strength of cast irdir E
GJSF roller burnished with the forBe= 4000 N
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Fig. 7. Surface after testing contact-fatigue strengtbast iron EN-GJSF roller burnished with the folrce

=4000 N

Rl ugm

Fig. 8. Microstructure of the surface layer after testiogtact-fatigue strength of cast iron EN-GJSF rolle
burnished with the forcE = 4000 N
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The microscopic observations of the surface anfaserlayer show that, apart from the
condition of the surface layer, the distributiongodphite in the subsurface layer determines the
fatigue resistance of cast iron EN-GJSF. If ther#ion of graphite is located near the surface
and in the vicinity, there is not an additionaklibtion of graphite and a spalling is quite small.
However, if there is another liberation of graphigarby, a crack propagates into the depth of
the surface layer to the next graphite liberatitumg the particle border - Figure 8b. A uniform
distribution of graphite in the surface layer is\dacive to a high resistance to surface fatigue of
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cast iron, irrespective of the type of treatmemin@jng or burnishing). As it is observed in Fig.
8a, cracks initiated by pitting breaches propagaside the surface layer up to the grain
boundary.

Conclusion

1.

The tests have revealed that burnishing modifiespttoperties of the surface layer of the
cast iron, in particular, it changes the formatidrihe surface geometric structure, which is
characteristic of this kind of treatment. Physiaall mechanical properties of the surface
layer are modified as well including the fragmeistat and homogenization of
microstructure as well as strengthening and foronadif compressive residual stress.

2. Compared to grinding, burnishing increases the amisfatigue strength. This is mainly
caused by lower surface roughness (in the proddssroishing micro-cracks are "rolled" as
potential stress concentrators), a larger bearindase, and the intensification and
occurrence of compressive residual stress.

3. One of the most important factors determining thetact-fatigue strength of cast iron is the
even distribution of graphite in the subsurfaceetayThe more evenly the graphite is
distributed, the greater the contact-fatigue stileng
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