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The paper analyses the influence of blasting under the following conditions: the size of blasting particles of 0,9
mm, the impact angle of 75° and the pressure of 0,5 MPa on the fatigue properties of blasted sheets made of
RSt 37-2 grade. Blasting, as one of the ways of the surface hardening and the surface preparation before
surface finish, results in the hardening and the increase in roughness of sheet. The above-mentioned facts
influence the fatigue process in the dependence on the cycling loading method. During tension fatigue tests with
the tension-zero cycle, the fatigue limit of as-blasted sheet decreased and during symmetrical bending fatigue
tests its fatigue limit increased. The paper analyses the causes of the measured results.
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Utjecaj metode cikli€nog opterecivanja na umor otvrdnute povrsine ¢eli¢nih limova. U radu se analizira
utjecaj pjeskarenja zrncima od 0,9 mm, kutom udara od 75° i tlakom od 0,5 MPa na umor pjeskarenih limova
kvalitete RSt 37.2. Pjeskarenje kao jedan od nacina otvrdnjavanja i pripremanja povrsine prije kona¢ne obrade
dovodi do otvrdnjavanja i povecanja hrapavosti lima. Gore spomenute €injenice utje€u na proces umora ovisno
o metodi cikli¢nog opterecivanja. Tijekom ispitivanja umora na vlak s ciklusom vlaka jednakim nuli, granica
umora pjeskarenog lima se smanjuje a tijekom ispitivanja umora na simetriéno savijanje poveéava. Clanak

analizira uzroke izmjerenih rezultata.

Kljucne rijec¢i: metode ciklickog opterecivanja, umor, pjeskarenje, otvrdnjavanje

INTRODUCTION

The fatigue process consists in the nucleation and
propagation of cracks and it is a function of internal and
external factors. The nuclei of the fatigue fracture are
formed, as a rule, on the surface of a part during tension
stress. An increase in the surface strength also results in an
increase in the fatigue limit. It is ideal to introduce com-
pressive stress into the surface layers. Blasting is one of
technologies that make it possible to increase the surface
strength due to plastic deformation and at the same time to
introduce compressive stress into the surface. Blasting is
used as a preparation step for the subsequent coating, so
that the coating can have required properties [1], but also
as one of technologies of surface hardening of finished
products with suitable physical and mechanical properties
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[2]. In either case, blasting should not result in a decrease
in the mechanical properties of blasted parts.

In the light of the fatigue process, the blasted surface
needs to be assessed from two points of view. Blasting causes
intensive plastic deformation of a thin surface layer, which
results in the formation of residual compressive stress in
this layer [3 - 5]. This has a positive effect on the fatigue
process. On the other hand, blasting increases the surface
roughness and possibly results in the formation of micro-
cracks, which has a negative effect on the fatigue process
and decreases the fatigue resistance [6, 7]. The condition of
the surface of blasted material depends on the blasting con-
ditions [7]. Therefore it is important to optimise them.

The fatigue process and the fatigue life depend on ex-
ternal factors, which include the method of cycling load-
ing [8, 9]. During tension cyclic loading, the whole cross
section is loaded with the same cyclically changing stress,
but in case of bending cyclic loading the maximum stress
takes place on the surface and it decreases inwards. There-
fore in surface hardened materials the fatigue life can sig-
nificantly be influenced by the loading method [10].
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The paper is aimed at analysing the influence of the
loading method (tension, bending) on the fatigue proper-
ties of surface-hardened steel sheet.

MATERIAL AND EXPERIMENTAL METHOD

For experiments, hot rolled steel sheet of RSt 37-2
grade with the thickness of 3 mm was used. The structure
of steel sheet is almost entirely ferritic with the grain size
d, =0,012 mm.

Samples were taken from the tested sheet in the rolling
direction and test bars were made for tension and fatigue
tests (see Figure 1.). The test bars were ground on both
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Figure 1. Tensile test bars (a) and tensile (b) and bending (c) fatigue
testbars

Slikal.  Epruvete za ispitivanje na vlak (a), na umor zbog vla¢nog
naprezanja (b), na umor zbog savijanja (c)

sides and some of them were blasted on all sides using a
pneumatic blasting device from Wonisch Company. The
blasting was carried out under the following conditions:
pressure p = 0.5 MPa, impact angle of steel granulate with
the hardness of ca S00HV «r = 75° and granulate diameter
d=0.9 mm.

On as-ground and as-blasted specimens, the surface
roughness was measured and the mean arithmetical devia-
tion R , the max. profile height R and the microhardness
HV 0.01 were evaluated. Tensile tests were made on a ten-
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Figure2. As-blastedsheetsurface
Slika2.  Pjeskarena povr$inalima

sile testing machine INSTRON 1185. Fatigue two-side
bending tests with the symmetrical cycle were made on a
fatigue testing machine PWOG by Carl Schenke company
at the frequency of 35 Hz and fatigue tensile tests with the
tension-zero cycle were made on a fatigue testing machine
INSTRON 8511 at the frequency of 20 Hz.

ACHIEVED RESULTS AND THEIR ANALYSIS

The surface of as-blasted tested sheet is shown in Fig-
ure 2. and the surface profile is shown in Figure 3. The blast-

Figure3. Microstructure of as-blasted surface sheet profile
Slika3.  Mikrostrukturapjeskarene povrsine limenog profila

ing resulted in a significant increase in the surface rough-
ness. The as-ground sheet had the mean values of R = 0,27
pmand R =1,56 um and the as-blasted sheet at the selected
blasting parameters p = 0.5 MPa, o = 75° and 4 = 0,9 mm
had the mean values of R = 10,27 ym and R = 54,55 pym.
The surface of the as-blasted samples is deformation hard-
ened to the depth of ca 0,06 mm, as documented by Figure
4., and the microhardness course as documented by Figure
5. The surface hardness is 35 HV0,01 more than that of the
basic material.
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Figure4. Microstructure of blasted deformation hardened sheet
layer

Slika4.  Mikrostruktura sloja lima otvrdnutog deformiranjem
pjeskarenjem

It results from this analysis that a change in the proper-
ties of the blasted surface influences its mechanical prop-
erties, while the degree of the influence depends on the
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Figure5. Course of microhardness HV0,01 in blasting hardened
sheetlayer h

Slika5.  Crta prostiranja mikrotvrdoée HV0,01 u sloju lima /4 o-
tvrdnutog pjeskarenjem

loading method. The influence of blasting on the basic
mechanical properties is shown in Figure 6. The experi-
mental results show that blasting caused an increase in the
yield point R , a decrease in tensile strength R and elon-
gation 4. The influence of blasting on the change in basic
mechanical properties is more significant when the thick-
ness of blasted sheet is lower. This is due to a change in
the ratio of the blasting-hardened volume to the overall
volume of the tested sheet sample. Since the hardened
volume depends on the blasting conditions and does not
depend on the sheet thickness, with an increasing sheet
thickness its ratio decreases, and hence its influence on
the change in mechanical properties also decreases. The
resulting properties of surface deformation hardened sheet
are given by the superposition of the tension diagrams of
the deformation hardened layer and the basic material.
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These resulting properties can be influenced by the sur-
face roughness, but also by “friction” forces between the
hardened layer and the non-hardened core.
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Figure 6. Influence of blasting and sheet thickness h on yield point
R, tensile strength R and elongation A,
Slika6.  Utjecaj pjeskarenja i debljine lima % na granicu

razvlacenja R, vla¢nu ¢vrstocu R iizduZenje A,

During cyclic loading, the fatigue process usually be-
gins on the surface and therefore the properties of the sur-
face layer play a crucial role. Figure 7. shows Wohler curve
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Figure 7. 'Wahler curves of as-ground and as-blasted samples, two-
side symmetrical bending

Slika7.  Waohlerove krivulje brusenih i pjeskarenih uzoraka, dvo-
strano simetri¢no savijanje

obtained experimentally on as-ground and as-blasted
samples, which were tested under the two-side bending and
the symmetrical cycle. It results from the measured results
and their statistical processing that blasting increased the
fatigue limit o, by 12 %. It results from comparing the pa-
rameters a, b of the equation o =a —b - log N, of the in-
clined part of Wohler curve that the time fatigue limit of as-
blasted samples is higher and its band is also broadened.
The results confirm that blasting has a positive effect on
fatigue properties under cyclic two-side bending loading.
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Figure 8. shows the relationship between the upper stress
and the number of cycles measured during fatigue tests with
the tension-zero cycle. The results show that the fatigue limit
o, of the as-blasted samples is ca 10 % lower than that of
the as-ground ones and their time fatigue limit is also lower
(a shift of the inclined part of Wohler curve to left).
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Figure8. Wdohler curves of as-ground and as-blasted samples,
tension-zero cycle

Slika8.  Wahlerove krivulje bruSenih i pjeskarenih uzoraka, nul-
to naprezanje na vlak

As the experiments show, the fatigue properties of the
blasting surface hardened samples made of steel grade RSt
37-2 is significantly influenced by the loading method. A
thin blasting deformation hardened layer causes the forma-
tion of compressive stress on the sheet surface, while the
surface has also higher strength properties, which has a posi-
tive effect on the fatigue properties. On the other hand, blast-
ing significantly increases the surface roughness, but also
results in the formation of
tensile stress under the de-
formation-hardened layer

(see Figure 9.), which has T
anegative effect on fatigue E
properties. The fatigue = pull

loading method remains =
crucial and will prevail
among the above-men- Figure9. Model of residual
tioned factors in the fatigue stress under blasted
loading of sheet with a thin _ surface

(0,06 mm) surface hard- Stika. xggg:lj;a;:?lgfesﬁg:
ened layer. In case of ten- renom povriinom
sile loading with the ten-

sion-zero cycle the stress can be considered as constant
within the whole cross section. Under the hardened surface,
tensile stress is formed (see Figure 9.), which is added to-
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gether with the tensile stress from loading, and there may
arise conditions for the formation of the nucleus of a fatigue
failure under the hardened surface. An increase in the rough-
ness of the blasted surface (a notch effect) accelerates the
growth of this nucleus towards the surface, and hence its
propagation within the whole cross section, which results in
a decrease in the fatigue limit of the tested blasted sheet.
During cyclic symmetrical bending loading, the stress from
this loading changes in the cross section of the sheet. A max.
stress is on the surface and it decreases inwards to zero, i.e.
the fatigue process begins on the surface, and hence the sur-
face hardening and the compressive stress induced by it pre-
vail over the negative effects of the increased roughness of
the blasted sheet surface, therefore its fatigue resistance,
bending fatigue limit and time fatigue limit increase.

CONCLUSION

The aim of the paper was to assess the influence of
surface blasting of steel sheet with the thickness of 3 mm
made of RSt 37-2 grade. It resulted from the experimental
results and their analysis that:

- blasting increased the yield point and decreased the elon-
gation. These changes are a function of the sheet thick-
ness; the thinner sheet, the more significant these changes,

- blasting increases the surface roughness of the tested
sheet by an order, deformation hardening of the surface
takes place to the depth of ca 0,06 mm,

- the cyclic loading method significantly influences the
fatigue characteristics of the blasted sheet,

- tension loading with the tension-zero cycle decreased
and two-side symmetric loading increased the fatigue
limit, as well as the time fatigue limit of the blasted sheet.
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