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The purpose of the study was to evaluate the influence of the laser alloying of the coulter flaps working
in a sand medium on the intensity of their abrasive wear. The treatment was performed with a dual diode
TRUDISK 1000 laser device. Two types of alloying were performed (with boron and the mixture of boron
and chromium). The wear experiment was carried out with a “rotating bowl” device to testing wear in a sandy
medium.

In comparison to the surface layer of the base coulter flaps (only chilled — with white cast iron microstructure)
after laser alloying finer, more homogenous and additionally hardened microstructure of the surface layer
was achieved. Such microstructure improved the hardness by approx. 2 times for laser alloying with boron
and 3 times for the alloying with boron and chromium. Wear tests proved that this translated into over 2-fold
improvement in durability of treated coulter flaps. Mass loss was similar in the case of both types of alloying
despite of achieving the higher value of hardness by laser alloying with boron and chromium than by alloying
only with boron. It may result from some discontinuities observed in the microstructure of the layer containing
chromium that was created due to the technology. It was also observed that alloying with boron improved the
surface roughness parameters.

laserowa obrobka cieplna, zeliwo z grafitem ptatkowym, mikrostruktura, zuzycie.

Celem badan byta ocena wpltywu stopowania laserowego stopek redlic pracujacych w medium piaszczystym
na intensywno$¢ ich zuzycia $ciernego. Obrobke przeprowadzono za pomoca duo diodowego urzadzenia la-
serowego TRUDISK 1000. Wykonano dwa rodzaje stopowania (borem oraz mieszaning boru i chromu). Test
zuzyciowy przeprowadzono w urzadzeniu ,,wirujaca misa” do badania zuzycia w podlozu piaszczystym.
Porownujac do warstwy wierzchniej stopek redlic w stanie wyjsciowym (tylko zabielanej) po stopowaniu la-
serowym otrzymano drobna, bardziej jednorodng i dodatkowo zahartowana mikrostrukture. Taka mikrostruk-
tura poprawila twardo$¢ ok. 2-krotnie dla laserowego stopowania borem i 3-krotnie dla stopowania borem
i chromem. Test zuzycia udowodnit, ze przetozylo si¢ to na ponad 2-krotne zwigkszenie odpornosci na zu-
zycie obrobionych stopek redlic. Ubytek masy byt podobny w przypadku obu rodzajéw stopowania pomimo
osiagniecia wigkszej twardosci w przypadku stopowania borem i chromem niz w przypadku stopowania tylko
borem. Moze to wynika¢ z nieciaglosci zaobserwowanych w mikrostrukturze warstwy zawierajacej chrom,
ktora spowodowana byta prawdopodobnie wada technologii. Zaobserwowano rowniez, ze stopowanie borem
poprawito parametry chropowatos$ci powierzchni.
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INTRODUCTION

The machine parts dedicated to operate in soil are
required particular surface layer properties to increase
their resistance to wear. Machine equipment is subject
to substantial mechanical and tribological stress, as well
as to corrosion processes. The problem of friction wear
in the case of parts of agricultural machines is rising
because of improving working speeds. For instance,
seeder speeds have increased from 3 to 6 km/h to > 12
km/h, depending on the crop and seeder type [L. 1].

Suitable surface layer modification may decrease
the wear of machine parts causing their better durability
and longer intervals between their replacements.

Such modification could be a laser heat treatment
(LHT). LHT is used in surface engineering in order to
change the properties of the surface layer. Modification
by heating using a laser beam is a developing procedure
for improving the surface layer properties of machine
part made of metal alloys. It is used especially for
ferrous alloys, including cast irons. One of the types of
LHT is laser alloying consisting in implementing the
alloy element into the surface layer.

The alloyed zone of a cast iron is characterized by
fine, hardened microstructure (often similar to ledeburite
nature) enriched with new formed phases containing
implemented elements. For example, carbide-rich
microstructure was found in the surface layer of
nodular iron with a hardness of 1200 HV0.05 obtained
after laser alloying with a combination of elements:
C-B-W-Cr [L. 2]. In turn, carbon implementation into
to flake iron resulted in increased fatigue resistance of
treated samples compared to samples only after laser
remelting [L. 3]. In the article [L. 4], it was observed
that hardness and corrosion resistance increased after
laser alloying with copper of cast iron.

To show the effectiveness of another element
(boron) as an alloying substance in the case of laser
treatment of cast irons, it is worth mentioning research
[L. 5], which proved that, after laser alloying with boron
of nodular iron, it is possible to obtain a fine-grained
microstructure of the remelted zone enriched with hard
Fe B phases and thereby increase the hardness (even
6-fold) and wear resistance to friction of the surface
layer of such treated samples than untreated ones. The
mass loss of laser alloyed with boron samples (in pair
with hardened steel) was 3.5-times lower than the value
of only hardened samples [L. 6]. Mass loss after wear
tests of nodular iron samples after laser alloying with
boron was 0.0003 g, while the mass loss of hardened
samples was 0.001 g.

Another interesting element (due to its ability
to substantial increase the hardness and corrosion
resistance) for surface modification using various
methods including laser implementation is chromium.
Laser alloying of cast iron with this element creates
chromium carbides and significantly increases the

hardness of the surface layer [L. 7, 8]. In case the
treatment performed during the research presented in
[L. 9], laser alloying with chromium of nodular
iron caused a fourfold increase in hardness. The
layer consisted of ledeburite and chromium carbides
Cr,C, and (CrFe),C, as a result of the combination of
chromium with carbon and iron found in cast iron. In
work [L. 10], it was shown that the alloying with this
element of cast iron allowed one to obtain an increase
of resistance to heat in comparison with untreated cast
iron. Unfortunately, alloying with chromium does not
always increase the resistance to wear. In article [L. 7],
it was noted that there was a negative impact of alloying
with this element. The wear tests have shown that the
created alloyed zone caused an increase in the mass
loss of the cast iron samples. Nevertheless, according
to results presented in article [L. 11], after alloying with
two elements, chromium and nickel, resistance to wear
(and corrosion) was achieved.

On the basis of the literature, it could be stated that
boron should also increase the wear resistance in the
case of the coulter flap. Due to ambiguous information
about the chromium effect in the case of cast irons, it
seems that it is valuable to study the addition of this
element as well.

One of the significant components of operating
costs of agricultural machines that can be significantly
affected by the user (e.g., farmer) is the costs of renewal
(repair or replacement for new ones) of damaged
machines and devices or their subassemblies. Lowering
these costs can be achieved by using modern (and
organizational and economically justified) technologies
that increase the operational periods of machinery and
equipment. This effect can be obtained by increasing
the durability of components and subassemblies that are
most exposed to wear or damage. Moreover, it can be
achieved by economically justified repair of damaged
machines with a wide use in the renewal processes of
both new and remanufactured spare parts. Thanks to
this, it is possible to significantly reduce the material
costs associated with both the operation and renewal
of machines.

The problem of the abrasive wear of machine
elements designed for work in a soil medium acquires
new meaning in the context of increasing requirements
for modern work and agricultural machines. In the
case of agriculture, we are dealing with increasing the
working speed, e.g., when sowing from 3 to 6 km/h to
speeds above 12 km/h, depending on the type of crop
and the type of seeder. All elements working in the soil
at a depth of 2 to 5 c¢m, including coulter flaps, while
the increase of the working speed, causes very intensive
wear of materials from which these elements were
made. It causes increased costs related to buying of new
elements and losses related to the downtimes necessary
for repairs.
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Except for reducing the operating costs, it is
also necessary to remember the ecological effects
of the surface layer modification and pro-ecological
management (scrapping) of worn out machinery and
equipment. The modification of the surface layer should
be understood as a series of technological processes,
while the selected surface parts of the machines (the
most exposed to wear), are given new quality features,
mainly strength, to a much greater extent than parts not
subjected to such modifications.

The purpose of presented investigation was to
evaluate the influence of the laser alloying surface
modification with boron and chromium of the coulter
flaps working in a sand medium on the intensity of their
abrasive wear.

METHODOLOGY

Coulter flaps from a Poznaniak mechanical drill seeder
were used as test objects (Fig. 1). These coulters were
designed as easy-to-replace parts. They are flat-shaped
with average dimensions of 18x240x55 mm. One edge
of the flap is taking the shape of a blade whose spherical
surface becomes a rectangular prism. Its average mass

4‘. 2

e —-mzrumw:"
Area of laser treatment '

Fig. 1. The flap of a coulter
Rys. 1. Stopka redlicy

is in the range of 1100-1250 g. The coulter flap is
made of cast iron with fakes of graphite. The surface
layer is chilled during production to obtain a white cast
iron microstructure. The outer layer is characterized by
hypoeutectic microstructure: transformed ledeburite
(pearlite with cementite) and pearlite.

Laser heat treatment was performed as a surface
modification. It consisted in remelting (and additionally
alloying) a piece of the coulter flap tip (approximately
2 mm?) by means of a dual diode TRUDISK 1000 laser
device. Laser beam power (P) was 900W, its velocity (v)
was 1100 mm/min, and the diameter (d) was 1.2 mm.

Two kinds of alloying of the coulter flap surface
were performed. Before the laser treatment, the surface
of this part was covered by a coating containing the
alloying and bounding substances. In the first type of
alloying, only boron was used; and, in the second type,
a mixture containing boron and chromium was applied.
Powders of chromium (< 45 pm) with a purity of
> 99.0% and boron (< 1 um) with a purity of > 99.0%
were used as alloying substances. The first step of
modification consist in applying the prepared coating on
the surface, and the second step consist in remelting the
surface layer of treated part of the coulter flap with the
coating using laser heating.

The wear experiment was carried out with
a “rotating bowl” device consisting in a transmission
(1), motor (2), running rail (3), bowl (4), sample holder
(5), supporting frame (6), compacting roller (7), bowl
frame (8), and main frame (9) for performing wear tests
in a sandy medium (Fig. 2). This device has been also
used in the research presented in [L. 12]. This particular
method was selected because the sample and the abrasive
medium are similar to the movement of farming tools

Fig. 2. The wear test device (description in the text)
Rys. 2. Urzadzenie do badan tribologicznych (opis w tekscie)
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in actual operating conditions. Five coulter flaps treated
with each alloying treatment and 5 untreated coulter
flaps were tested. The coulter flaps travelled a distance
of 100 km £3 km. This corresponds to drilling of seeds
on a field of 35 hectares, assuming that the mechanical
seeder Poznaniak was used with a working width of
3.0 meters with 25 coulters and a 12 cm seed spacing.
Due to the difference in linear velocities at various
distances from the rotation axis of the bowl, the arm
holding the test samples was inverted half way through
the test, and the rotation direction was changed as well.
As a result, the wear of each of the three samples tested
simultaneously was more uniform. In order to reflect
actual working conditions as closely as possible, the
samples were placed at intervals of approx. 12 cm from
one another to ensure that the abrasive medium flowing
over the sample is not affected by the neighbouring
sample. Linear velocities calculated for the three samples
installed at different distances from the rotation axis
of the bowl were as follows: 6.4 km/h, 5.4 km/h, and
4.3 km/h. The diameter of the bowl is 1600 mm, and
its linear velocity at the circumference was 7.2 km/h.
As a result of the aforementioned inversion of the arm
holding the samples, it was possible to ensure that
the distance travelled by all coulters was identical,
irrespectively of their position on the holding arm
[L. 15].

Based on the results from the sensors, the component
of force values and resultant force acting on the coulter
tip for different linear velocities, and the two depths of
immersion of the coulter tips in the soil were calculated
(Figs. 3-5). The values of the forces calculated on the
basis of a simplified distribution of forces in the system
are shown in Fig. 6. The single beam on the right side
by the pivotal joint and on the left side by moving joint
was supported. So the following formula can be written
[L. 13]:

X:—R'+F*=0= F* =R’ (1)

ViR —R)+F’ =0=F"=R)-R) (2)

R} *a—F"*c

M,:-R)*a+F'*b+F *c=0=>F" =
a+b

3)
If R’ refers to the L6N-50 kg sensor and R} refers
to the L6N-30 kg sensor, and if the distance is known

between the points of application of the force, we can
determine the following relationships:

F*=R’ “)
Fy:R,f*275—R§*105 5)
330

Substituting the data for received dependences, the
force values for all test cases were obtained. A resultant
force F' was calculated from the following formula:

F=F?+F? (6)
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Fig. 3. F_force acting on the coulter tip [L. 13]
Rys. 3. Warto$¢ sily sktadowej F_dzialajaca na czubek redli-

cy [L. 13]
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Fig. 4. F) force acting on the coulter tip [L. 13]
Rys. 4. Warto$¢ sity sktadowe;j F, dziatajaca na czubek redli-

cy [L. 13]
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Fig. 5. The values of the resultant force F acting on the
coulter tip [L. 13]

Rys. 5. Wartos¢ sity wypadkowej F’ dziatajaca na czubek re-
dlicy [L. 13]



ISSN 0208-7774

TRIBOLOGIA 6/2018 111

a=275

Fig. 6. Simplified distribution of forces in the measuring system [L. 13]

Rys. 6. Uproszczony rozktad sit w uktadzie pomiarowym [L. 13]

With the increase of the coulter velocity in the soil
on the rotating bowl unit, there was an increase of forces
acting on the tip. A negative value of the force in the
vertical direction that occurs at a depth of immersion of
40 mm for component F, is also important. This means
that the component “y” of the force F is less than the
weight of the test system. The resultant force F acting on
the coulter tip in both cases of coulter depth of immersion
in the soil is increasing. This increase is significant in the
case of the immersion of 60 mm. For a speed of 4 km/h,
the value is 14.29 N, and for the 8 km/h, the value is
more than 22.5 N.

This gives an increase of less than 60% in the
velocity growth about 100%. From the graphs can also
be noted that in the case of horizontal forces to 8 km/h
is a significant force increase compared to the previous
presented velocity. So a significant increase in resultant
force is not re ported for work at a depth of 40 mm. The
resultant value, in this case, fluctuates at a similar level
of 8 N with a slightly increasing trend with the increased
velocity of the coulter in the soil. This is due to the
direction of the vertical force at a lower immersion in
the soil.

River sand was selected as the abrasive medium.
Following a grain size analysis, the grain size
distribution curve was determined. The choice of river
sand was based on a high proportion of quartz particles
as compared to other types of soil, thus making this
medium particularly abrasive [L. 14]. The mechanical
composition of the soil was analysed as part of the
experiment, which was based on the conclusions from
the study of the effect of the medium on wear intensity.
In monophase media, consisting, e.g., exclusively of
fine sand, a phenomenon obstructing the experiment and
potentially interfering with the results was observed.
Namely, as the soil was coming in contact with the test
subjects, the grains of the abrasive medium became

rounded. A similar phenomenon was also observed in
multiphase media consisting of at least two fractions,
but the relative proportions of abrasive grain fractions
stabilized after some time and were no longer affected
by the tested tools [L. 15]. The medium selected for this
study underwent sieve analysis. After sieving 1000g of
soil, the grain size distribution curve was determined
(Fig. 7) for the sand fraction. The remaining dust
fraction (less than 5 g) was considered insignificant. The
gravel fraction constituted approximately 2.5% of the
tested medium. An analysis of the grain size distribution
curve indicates that one deals here with medium sand
with a very low share of gravel and dust fractions (less
than 3%) [L. 14].
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Fig. 7. Abrasive medium grain size distribution curve
[L. 14]

Rys. 7. Krzywa rozktadu wielkosci ziarn srodowiska $cierne-
go [L. 14]

The wear test effects were determined by
measuring coulter flap masses before and after the test
using a Radwag PS 1000/Y precision balance with an
accuracy of 0.001 g.



112

TRIBOLOGIA 6/2018

ISSN 0208-7774

The investigation involved surface and surface
layer microscopic analysis. The analysis was performed
by means of a Zeiss Epiquant light microscope and
Tescan Vega 5135 scanning electron microscope.

Surface roughness measurements were carried
out with a ZAISS contact profilometer equipped with
induction transducers and SUFORM with SAJD
METROLOGIA software.

Microhardness tests were carried out by means of
a ZWICK 3212 microhardness tester via the Vickers
method with a load of 100 G.

THE ANALYSIS OF THE RESULTS

As a result of laser treatment, both types of alloying
remelted areas were created. The remelted area was
visible in all treated coulter flaps on their tip on the one
side of the part (Fig. 8). This tip was characterized by
a modified surface in comparison to the rest of surface
of the coulter flap.

It was noticed that the roughness of the surface tip
after laser alloying with boron decreased in comparison
to the base surface of the coulter flap (nearly 12 pum

Area of lasér iregfrnent g

Fig. 8. The coulter flap after laser alloying: with boron (a)
and with mixture of boron and chromium (b)
Rys. 8. Stopka redlicy po stopowaniu laserowym: borem (a)

oraz mieszaning boru i chromu (b)

of Ra); however, for laser alloying with the mixture
containing boron and chromium was similar to the base
surface, roughness was similar (Fig. 9) (also nearly
12 um of Ra). Therefore, it could be stated that laser
treatment consisting in alloying with boron improved
the base surface of the coulter flap in the aspect of the
surface roughness parameters.
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Fig. 9. The surface profile of the investigated coulter flaps: the example of the profile of the base surface (a), laser alloyed
with boron surface (b), laser alloyed with the mixture of boron and chromium surface (c¢) and the average roughness

Ra values for all investigated coulter flaps (d)
Rys. 9.

Profil powierzchni badanych stopek redlicy: przyktad profilu powierzchni bazowej (a), powierzchni po stopowaniu borem

(b), powierzchni po stopowaniu borem i chromem (c) oraz $rednia warto$¢ chropowatoséci Ra dla wszystkich badanych

stopek redlicy (d)
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Examination with the application of a microscope
showed that, after laser treatment, a fine and quite
homogeneous microstructure surface layer appeared
in both cases of alloying (Figs. 10 and 11), especially
compared to the base surface layer of the coulter flap that
is usually treated to achieve white cast iron (Fig. 12).
Fine and hardened microstructure with characteristic

SEM MAG: 82 X
HV: 120 KV
VAC: Hivac

DET: SE Delector L1 L L1
View field: 2.49 mm 1 mm

SEM MAG: 5.00 kx
Vega ©Tescan HV: 120KV
WVAC: Hivac

dendrites is typical for laser heat treatment with
remelting [L. 15]. The microstructure of the laser treated
surface was more finely grained than the microstructure
of the chilled part of the coulter flap. Sometimes, new
formed phases were noticed, as in the case of the coulter
flaps alloyed with boron where boride irons with their
characteristic shape after this kind of treatment appear

DET: SE Deteclor
View field: 40.83 um 20 um

Vega ©Tescan

Fig. 10. The surface layer after laser alloying with boron (scanning electron microscope, etched with nitric acid)
Rys. 10. Warstwa wierzchnia po stopowaniu laserowym borem (elektronowy mikroskop skaningowy, trawione nitalem)

SEM MAG: 81 x
HV: 12.0kV
VAC: HiVac

DET: SE Detector Ll L
Wiew fleld: 2.52 mm 1 mm

SEM MAG: 5.00 kx
Vega @Tescan Hv: 12.0kV
VAC: Hivac

DET: SE Detector
View fleld: 4080 um 20 um

Vega @Tescan

Fig. 11. The surface layer after laser alloying with the mixture of boron and chromium (scanning electron microscope,

etched with nitric acid)

Rys. 11. Warstwa wierzchnia po stopowaniu laserowym mieszaning boru i chromu (elektronowy mikroskop skaningowy, trawione

nitalem)

SEMMAG:500x  DET: SE Delector ra—

SEM MAG: 5.00 kx

HV: 120 kV
VAC: HiVac

View field: 408.00 um 200 um

—
Vega ©Tescan

HY: 120KV
VAC: HiVac

DET: SE Detector
View field: 40.77 um 20 um

Vega @Tescan

Fig. 12. The surface layer of the untreated coulter flap (ledeburide microstructure of the white cast iron) (scanning electron

microscope, etched with nitric acid)

Rys. 12. Warstwa wierzchnia nieobrobionej stopki redlicy (elektronowy mikroskop skaningowy, trawione nitalem)
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Fig. 13. Boride irons in the surface layer of the coulter flap after its laser alloying (optical microscope, etched with nitric

acid)

Rys. 13. Borki zelaza w warstwie wierzchniej stopki relicy po jej stopowaniu (mikroskop optyczny, trawione nitalem)

(Fig. 13). Such boride irons have been previously
noticed [L. 5].

Some discontinuities of the microstructure of the
surface layer of the coulter flap after laser alloying with
boron and chromium were noticed (Fig. 11a). It could be
the reason for the lack of the roughness reduction of the
surface after laser alloying with boron and chromium,
which was observed in the case of laser alloying only
with boron.

The average hardness of the areas formed by
laser alloying with boron was approximately 2-times
higher than the area of white cast iron microstructure
in the surface layer of untreated coulter flap (the base)
(Fig. 14). The hardness of approx. 1100HVO0.1 after
laser alloying with boron has been already achieved on
parts made of cast irons [L. 5]. However, the addition of
chromium allowed achieving 3-times higher hardness of
the alloyed layer than layer of the base.

1800
1600
1400
1200
1000

800

Hardness HVO0.1

Base B B+Cr
Treatment type

Core
material

Fig. 14. Average hardness of the surface layers of
investigated coulter flaps

Rys. 14. Srednia twardo§¢ warstw wierzchnich badanych sto-
pek redlicy

After wear tests, the edges of the blade became
rounded. The surfaces of all coulters seem to be smoother
than their state before the wear tests (Fig. 15).

The most worn area

The most worn area
Area of laser treatmem:

The most worn area
Area of laser treatment

Fig. 15. The coulter flap (after wear test): without laser
treatment (a), after laser alloying with boron (b)
and after laser alloying with mixture of boron and
chromium (b)

Rys. 15. Stopka redlicy (po badaniach zuzycia): bez obrobki
laserowej (a), po stopowaniu borem (b) po stopowa-
niu borem i chromem (b)

Wear tests showed that laser treatment of a relatively
small part of the coulter flap reduce their mass loss
(Fig. 16). In both cases, a 50% reduction of mass loss
was noticed. It seems that, in the case of alloying only
with boron, this reduction could be even bigger (nearly
2.5 times).

Consequently, it could be stated that, by improving
the hardness of the surface layer by laser alloying, the
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Fig. 16. Average coulter flap mass loss after 100 km in
abrasive medium in the rotating bowl tester,
depending on surface treatment (Base — untreated
flaps, B — flaps after laser alloying with boron,
B+Cr — flaps after laser alloying with boron and
chromium)

Rys. 16. Sredni ubytek masy stopek redlic po przebytych
100 km w osrodku $ciernym w urzadzeniu ,,wirujg-
ca misa” w zaleznos$ci od zastosowanej obrobki po-
wierzchni (Base — redlice nieobrobione, B — redlice
po stopowaniu laserowym borem, B+Cr — redlice po
stopowaniu laserowym borem i chromem)

coulter flap should be characterized by lower wear.
It is worthy noticing that increasing the hardness by
laser alloying with both boron and chromium (to over
1600HVO0.1) did not result with lower mass loss of the
coulter flaps after the wear tests than the mass loss of the
coulter flaps alloyed only with boron which had a lower
surface hardness (1100HVO0.1). It may result from
some discontinuities in the microstructure in the layer
containing chromium. Very hard chromium carbides
could generate internal stresses. As noticed by the
authors of article [L. 7], laser alloying with chromium
of cast irons can increase wear.

Figure 17 shows the surface profile of the
investigated coulter flaps (after the wear test). It was
noticed that, after the wear tests, the roughness of the
surface tip of the untreated coulter flap and the surface
tip after laser alloying with boron was comparable (Ra
of untreated surface was >6um and Ra of alloyed with
boron < 6 um). While for surface alloyed with boron and
chromium, the roughness was higher (Ra was approx.
9 um). That could be related with the discontinuities in
the microstructure in the layer containing chromium.

As shown in Fig. 18, the roughness (Ra) after
the wear tests only increased a little bit for the surface
alloyed with boron (it could be due to the reduction
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Fig. 17. The surface profile of the investigated coulter flaps (after the wear test): the example of the profile of the base
surface (a), laser alloyed with boron surface (b), laser alloyed with the mixture of boron and chromium surface (c¢)
and the average roughness Ra values for all investigated flaps (d)

Rys. 17. Profil powierzchni badanych stopek redlicy (po badaniach zuzycia): przyktad profilu powierzchni bazowej (a), powierzch-
ni po stopowaniu borem (b), powierzchni po stopowaniu borem i chromem (c) oraz srednia warto$¢ chropowatosci Ra dla

wszystkich badanych stopek (d)
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in the roughness by the performed laser treatment). In
the case of the surface tip of the untreated coulter flap
and the surface tip after laser alloying with boron and
chromium, the roughness decreased.
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Fig. 18. The roughness (Ra) change as a result the wear test
of investigated coulter flaps

Rys. 18. Zmiana chropowatosci (Ra) w wyniku badan zuzycia
dla badanych stopek redlic

CONCLUSIONS

The following conclusions can be drawn from the
performed investigations:

The surface layer microstructure of the coulter
flap could be change by laser alloying with boron or
with a mixture of boron and chromium. In comparison
to the surface layer of untreated coulter flaps (only
chilled — with white cast iron microstructure), after laser
treatment, a fine, quite homogeneous, and hardened
microstructure of the surface layer was achieved. Such
microstructure improved its hardness by approximately
2-fold for laser alloying with boron and 3-fold for laser
alloying a mixture of with boron and chromium.
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