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Abstract

The fatigue behavior of a component is stronglyesiglent on the material and its surface
condition (surface roughness, residual stresse$. éibhe paper presents and discusses the
influence of the surface finish on the fatigue baetwaof nodular cast iron. The fatigue properties
were investigated on specimens with as-cast, dast;Hfine-ground and rough-ground surface
conditions under reversed bending loading. Seleftadture surfaces were investigated to
determine fracture micro mechanisms associatelketdifferent fatigue lives. The results show a
large fatigue life scatter for all the investigatgdess amplitudes which can be associated with
the features of the surface finish at the origithef formation of the main fatigue crack.
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1 [Introduction

Nodular cast iron (NCI) is a construction matenwith a wide range of applications in
engineering practice. For optimal application ofINtGs important to know its basic mechanical
properties and the available methods to improventfld. Because the structure of nodular cast
iron (NCI) contains graphite and casting defedisfatigue strength is lower than that of steel,
which has hardness almost equal to that of nocidat iron (NCI). The fatigue properties of
NCI are influenced by the matrix structure, thecpatage of nodular graphite, and the presence
of geometrical notches [2, 3, 4]. Slightly highergentages of nodular graphite increase the
fatigue strength as well as the endurance limi6[5The presence of a larger amount of pearlite
in the matrix structure also increased the fatigwength. The effect of matrix structure on the
fatigue strength is less pronounced and the fatsgngagth is significantly lower in the presence
of notches [7, 8].

Since fatigue resistance is sensitive to surfageditions, any phenomenon that changes the
surface characteristics of a material will grea#lffect its fatigue performance [1]. Most
structural engineering parts do not have highlyigheld surfaces and grinding or machining,
even if done carefully, will cause degradation atigue strength. In general, fatigue life
increases as the magnitude of surface roughnessades or the surface hardness increases as in
the case of surface treatments [9, 10].

A cost-effective cast part is obtained by reducmgchining to a minimum, so the highest
working stresses often develop at as-cast surf&eigue strength of NCI with as—cast surfaces
is influenced by various factors such as : i) stefeoughness or stress raisers, ii) changes in the



Acta Metallurgica Slovaca, Vol. 17, 2011, No.29p-105 100

mechanical properties of the metal surface, apathianges in the residual stress condition near
the surface. As these factors jointly influencegia@ damage development, the quantitative
evaluation of the fatigue strength of NCI havingcast surfaces is complex, resulting in
different fatigue strength from that observed fmosth specimens [6, 8].

This paper presents a study of the fatigue behasfigrearlite/ferrite NCI specimens having
different surface quality, namely as-cast, roughugd, fine-ground and shot-blast. To highlight
the dependence of the fatigue behavior on surfandition, specimens were cyclic tested under
plane bending so that the maximum stress is reaattbh@ surface of interest

2 Material and experiments

The experimental material was made with a 2000iggrpn, 300 kg steel scrap, 1500 kg cast
iron scrap. Melting was performed using an archHkdliae furnace. The experimental material
was treated during heating with addition of 35 lgSF[11, 12]. Chemical composition of the
pearlite-ferrite NClI is given ifable 1.

Tablel Chemical composition of pearlite-ferrite NCI, [%)]
C Si Mn S P Mg Cr Cu Ni
3.68 2.62 0.51 0.005 0.05 0.034 0.2 0.02 0.01

The material was supplied in the form of plateshwdimensions of 138x101x21 mm, from
which the cutting operation produced specimensttertensile and fatigue testing. The shape
and dimensions of specimens for fatigue teststavess inFig. 1.

Fig. 1 Shape and dimensions of specimen

The fatigue specimens were prepared by machiniom fcast plates. The load ratio of the
fatigue test was selected as R = 0, so that orfecguwas subjected to a tensile stress range (the
most critical in fatigue) and the opposite surfaze compressive stress range. The specimens
marked as As - cast (Fig. 2a) had one test surface in the as-cast conditianpther ground.
Specimens indicated asHot blast (Fig. 2b) had the test surface shot blast after machining,
specimensFine-ground (Fig. 2c) had a smooth finish of the test surface achidyeremoving
casting surfaces by soft grinding and specimdé&sugh-grounti (Fig. 2d) had a surface finish
achieved by removing casting surfaces by roughdgrn

The structural analysis was performed on polished e@tched specimens taken from casting
plates. Structure details were analyzed in thet ligatallographic microscope according to the
EN STN 42 0461 standard and by the methods of daawe metallography [13].
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The fatigue curves for specimens of NCI with diffet surface conditions were obtained on a
cyclic plane bending testing machine operatingsaH2 (i.e. load ratio R = 0) in displacement-
control [14]. The specimens were subjected to bending momentfVk+, where P is the force
monitored by a load cell and, the distance between the load cell and an intesuggbort. Tests
were interrupted at 2.2@ycles if the specimen did not fail.

ST

Fig. 2 Surface condition of specimens

3 Resultsand discussion

The structure of NCI was characterized by peaféiteite matrix,Fig. 3, with higher content of
pearlite in the matrix. The graphite nodules wdssesved in fully and partly not fully globular
shape and there were located in ferritic part ofrimaSize was predominately ranging from 30
to 60 um (VI 6) and with a small number of nodulasging in the size from 60 to 120 um (VI
5). Graphite nodule count N was in average 260“mifihe mechanical properties of studied
NCI were R, =576 MPa and A = 6 %.
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Fig.3 Microstructure of nodular cast iron, a) non etch®detched with 3% Nital

Fatigue test results corresponding to all the spens aR = 0 are presented [ig. 4, where the
number of cycles to failure is plotted vs. the ssramplitudes, (i.e. 0,,¢/2). The results show a
scatter in fatigue life for all the investigatedess amplitudes, which can be associated with the
features of the surface finishing at the origintleé formation of the main fatigue crack. As
expected, specimens with fine-ground surfaces wehtbe highest fatigue endurance limit
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compared to the other specimens with surfaces gifeniroughness. Trends of S-N curves of
specimens with rough-ground and shot-penned swefaliewed very similar behavior and had
the highest scatter. The worst fatigue properties getermined in specimens with as-cast
surfaces. The S-N curves confirm the effect of aef finishing on fatigue lives i.e.
improvement as the surface becomes smoother [6].
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Fig. 4 Fatigue tests results (cyclic bending at R=0)

The fatigue fracture surfaces of selected specimegre analyzed in SEM to find initiation
places of fatigue crack and to describe fracturechamisms of the different structural
components, ferrite and pearlite [2, 3, 15he initiation places were on the top of fracture
surfaces, which were different in the dependencstade productionH{g. 5). Transcrystalline
cleavage of ferrite and pearlite was characterggtithe places near the surfaces [16].

¢) rough ground surface
Fig.5 The initiation areas on the surface top

d) shot blast surface

Also longitudinal sectioning of the specimens alloan evaluation of surface roughness and
surface features for the different qualities. Astcgpecimens have a surface layer with casting
sand an initiation thickness near the surface ihomt nodules Kig. 5a). The thickness of

surface layer was not uniform. The fine ground 8peos have nodules up to the surface
(Fig. 5b). In the shot-blast specimelig. 5d, only the as-cast surface layer was eliminated. The
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rough-ground surfacésig. 5¢c, is similar to the shot-blast surface, but ocaaaily can be seen
graphite nodules on the surface.

SEM HV: 30.00kV  chmkmi
WD: 20.25 mm Det: SE Detector 100 ym
SEM MAG: 500 x Date(midsy): 08/03/10

b) initiation x@yi

SEMHV: 30.00kV  chmkeml SEMHV:30.00kV  chmkmi VEGAW TESCAN

WD: 20.25 mm Det: SE Detector 100 ym n WD: 20.30 mm Det: SE Detector 20 um
SEM MAG: 500 x Date(m/dfy): 08/03/10 Digital Microscopy Imaging SEM MAG: 1.99 kx Date(m/d/y): 08/03/10 Digital Microscopy Imagingn

c) central region d) intercrystalline fracture of ferrite envelope
around graphite nodules

Fig. 6 Fracture surface of As — cast specimens,, S =M¥28, N = 117 475SEM

A macroview of the fracture surface of the as-sp&icimen is shown iRig. 6a. The initiation
region near the surface is characterized by a aygiranscrystalline cleavage of ferrite with
smooth facetskig. 6b. Locally, envelopes of ferrite around graphite wed, which failed by
intercrystalline fracture, were observed. Trandetiine ductile fracture of ferrite with dimples
around graphite particles was fourkelg. 6¢. In the region of final static fracture, the crack
propagated by intercrystalline fracture of ferdeund graphite nodules while transcystalline
discontinuous cleavage was typical of pearkig, 6d.

For specimens with fine ground surfadég. 7a and 7b, fatigue cracks initially propagated by
transcrystalline cleavage of ferrite and pearfiteen, the fatigue crack growth mechanisms were
similar to the as-cast specimens.

A macroview of the fracture surfaces of the roughugd and shot blast specimens are shown in
Fig. 8a, c. In the initiation region of rough ground and shtzst specimens local intercrystalline
fracture of ferrite were typical, transcrystallioentinuous cleavage of pearlite with rivers on the
facets was found in the specimens with the surédter rough ground and shot blast surface,
Fig. 8b, d. The cracks in envelopes of ferrite around the gtaphodule propagated by
intercrystalline fracture of ferritic grains angalregions with transcrystalline ductile fractufe o
ferrite with sharp edges were fourkdg. 8d.
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SEM HV: 30.00 kv chmk ) Lo 1000 ] VEGAW TESCAN
WD: 21.02 mm Det: SE Detector 100 pm 7
SEM MAG: 500 x Date(mdy): 08/03/10 Digital Microscopy Imnglngn

b) initiation x@yi

a) macroview of fracture surface

Fig. 7 Fracture surface of fine ground specimens, S & N3Ra, N = 591 148SEM

a) macroview of fracture surface

¢) macroviewratfure surface
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b) initiation region d) initiation region

Fig. 8 Fracture surface of rough ground specimens @&,#,290 MPa, N=170 000 ) and shot blast specimens
(c,d, S= 250 MPa, \= 381 042),SEM
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4 Conclusions
The influence of surface conditions on the fatigesponse of pearlite/ferrite nodular cast iron
was investigated in this study. The following carsibns are reached:
» surface conditions have a strong effect on fatjgnogerties,
» a fine-ground surface generally provides the batigdie behavior and the longest
fatigue life,
» rough-grinding decreases the fatigue life compéaodihe grinding,
» the as-cast surface shows the worst fatigue behavio
e ashot-blasting treatment do not improve the fatigiength.
» the transcrystalline continuous cleavage of peaditypical for all specimens,
« intercrystalline fracture of ferrite, locally traargstalline ductile fracture of ferrite with
sharp edges and transcrystalline continuous cleagégearlite with the rivers on the
facets is also observed.
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