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THE COMPARISON OF EFFECTS OF THERMAL SPRAYING EUTAL LOY 10112AND
LASER ALLOYING WITH SILICON NITRIDE OF CAST IRON OU TMOST DISK COULTER

Summary

The aim of this research was to evaluate an effiesurface layer condition of machine parts workingsand on abrasive
wear intensity, and particularly comparison of tsorface treatments - thermal spraying and laseoyafig. The outmost
disk coulters of ‘Poznaniak’ seeder were testedcth laboratory tester called ‘rotated bowl!’ uséu wear research in
sand was used. The research showed, that by appliddce treatments it is possible to change thaasiructure of out-
most disk coulter surface layer and in this wayéase their hardness and wear resistance. By laleying 2,5-times and
after thermal spraying 3-times hardness increass achieved in comparison to untreated outmost dikKter. Part of

modified area after laser alloying was considerasigaller than after thermal spraying. Wear of oustndisk coulter after
laser alloying was 5-times and after thermal spnayivas 6-times smaller than wear of outmost digktepwithout treat-

ment. Both treatments allowed to considerably desgewear of tested elements, but taking into adcsiae of modified
areas, laser alloying could be more effective tmeatt than thermal spraying.

Key wordsthermal spraying, laser alloying, outmost dislulter, abrasive wear

POROWNANIE EFEKTOW NATRYSKIWANIA CIEPLNEGO STOPEM E UTALLOY 10112
ORAZ STOPOWANIA LASEROWEGO AZOTKIEM KRZEMU FRAGMENT OW
ZELIWNYCH STOPEK REDLIC SIEWNIKA

Streszczenie

Celem bada byta ocena wplywu stanu warstwy powierzchnioweineintow maszyn praggych w érodku piaszczystym
na intensywn& zwywaniasciernego, a w szczegolfa porownanie efektéw dwdch obrébek powierzchnidmnyatryski-
wanie cieplnego i stopowania laserowego. Badaniddamo redlice siewnika mechanicznego typu Poznarpakeprowa-
dzono je na specjalnie do tego celu zbudowanynogigku laboratoryjnym typu ,wirdjca misa”, stigcym do wykony-
wania testow ztyciowych w érodku piaszczystym. Badania wykazae/za pomag zastosowanych obrobek tna zmie-
ni¢ mikrostruktue warstw powierzchniowych stopek redlic, a przezwikszy ich twardg¢ oraz odporné¢ na zuywa-
nie. Za pomag stopowania laserowego uzyskano 2,5-krotnekagienie twardéei, a po natryskiwaniu 3-krotne w porow-
naniu do stopek redlic w stanie dgipwym. Ces¢ zmodyfikowanego obszaru warstwy powierzchniowgjaypadku sto-
powania laserowego byta o wiele mniejszapo natryskiwaniu cieplnym. Zycie redlic byto 5-krotnie, a po natryskiwaniu
cieplnym 6-krotnie mniejsze w poréwnaniu do stomelic w stanie wyciowym. Obie zastosowane metody obrébki po-
wierzchniowej pozwolity istotnie zmniejgzgycie badanych elementéw, przy czym diopod uwag wielkas¢ zmodyfi-
kowanego obszaru po obu rodzajach obrébek, stopewaserowe mie by’ obrdbl; efektywniejsz niz natryskiwanie
cieplne.

Stowa kluczowenatryskiwanie cieplne, stopowanie laserowe, stogdlic, zuyciescierne

1. Introduction ments working in the soil, resulting in ambiguity deter-
mining the impact basic operating parameters , cmildi-

Studies on the impact abrasive medium stream whet®ns and characteristics of the tools on the vpeacess.

wear abrasive process occurs, relatively are choig at
reduced frequency. In that case equipment machisezy-
posed to very high mechanical, abrasive and caeosear
process. Determination of the effects of physicad a
chemical properties of soil on the this procesgeiy diffi-
cult as well as of capturing of the rules governimgar
process. Despite of the development of computeulsim
tions and several attempts made on mathematicalipges
tions, laboratory and regular tests remain the rraoh[2].
Detailed analysis of the literature, both domestia
foreign has shown that up to now has not been ceatelpl
explained the mechanism of the abrasive wear psoo®s-
cerning machines equipment using for soil cultwatand
mining. The published results [3-7] has obtainedifmji-
vidual researchers are not in a simple and clegrosanpa-
rable. Incomplete state of knowledge on the issfeon-
sumption means there is no coherent theory of weéar
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A suitable preparation and modification of surféeger
can reduce the wear parts of machinery made ofesimia-
terials and working in similar conditions and thaa help
to improve durability and tool replacement intesval

The aim of this research was to evaluate an inflaef
surface layer condition of machine parts workingamd on
abrasive wear intensity.

Relatively common methods of modification of the-s
face layer enabled for increasing resistance ta veeflame
spraying. It is pursued by coating the objects dilgu
metal) layers of the air spraying fine particlescofating
material in the flame (gas, electric arc, plasnidlis will
ensure a kinetic energy and exert pressure on utface
layer which creates good adhesion of the sprayatrgpto
the substrate while heating the substrate to atémpera-
ture (150°C). As the coating materials usually sedisteel
alloy, zinc, aluminium and its alloys, copper, tiead,
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nickel, brass, cadmium, bismuth, cobalt, chromitumg-
sten or titanium. The thickness of the layer igrfr60 up to
1000 microns. Thermally sprayed coatings are maisid
to protect equipment and steel structures agaittebs
pheric and gas corrosion [1] but this method istre¢ly

In the second method - laser alloying with silicotide
using the molecular COaser with 2600W output power
and TEMy; mode located in the Laboratory of Laser
Technology at the Poznan University of Technoloiggdr
beam power was 1000 W and the velocity of its mosm

expensive. As an example we can mention thermalyspr relative to the work surface was nearly to 2 mm/s).

powders like Ni, Cr, B, Si tungsten carbide tha applied
to shoulder and snails, mixers, skids, conveyoinshand
other objects exposed to abrasive wear.

One of the surface treatment which allows to achie
changes in surface layer is laser heat treatmeHfT)(L
Remelted surface layer achieve in nodular iron big t
method could characterize by hardness increase arimgp
to the bulk material [11]. Cast iron after lasemgdting or
alloying (i.e. with boron) is characterized by ketivear
resistance, as well [12]. LHT allows to modify Itigaonly
those parts of machine elements which are expaséa-t
tensive wear (by friction or corrosion) mostly. Thecro-
structure is very fine and homogenous.

2. Methodology of research object, surface treatmés,
and techniques of their assessment

2.1. Research object

2.3. Wear test

Outmost disk coulter has been tested by extensesr
in "rotating bowl". The choice of this method hamtib-
uted to the fact that the nature of the relativetiombe-
tween the sample and the abrasive medium is sinailtre
movement of agricultural or machinery equipmentigoo
during operation. The test stand allows to condeséarch
in specified soil compactness and humidity. Theickeis
equipped with an engine with inverter and the iotetl
speed can be set in the range of 0 to 27 rpm, winéts-
lates into a linear speed in the range from 0 konth at the
periphery of the bowl.

The test stand has been also equipped with régulat
system which allows displacement of tested sampis
tive to the bowl in both horizontal and verticaleditions.

Moreover, the soil compactness can be changedhdoy t
roller which moves in guides. The roller clampirgce is

Foot outmost disk coulter of "Poznaniak” mechanica@pplied and controlled by screw. Another piece adip-

seed drill produced by the "Famrol" company wasduse
the research sample (Fig. 1). Seeder co-operatbstiac-
tor and width of sowing is 3.0, 2.7, or 2.5 m.dtdesigned
for row sowing oilseeds, cereal, legumes, root srapd
some others, and uses Siedersleben system seeding.

ment is the soil conditioner which can regulatd soim-
pactness or can be completely disconnected fronstizsd.
The moisture of abrasive medium can be regulatethby
irrigation system.

As an abrasive medium was selected river sanaast

The outmost disk coulters is designed as easily exaused by a high proportion of very hard quartzigies in

changeable parts, are attached to the drill bywscrén
practice, however, users often do not pay due tadteno
the quality of sowing and allow for the service#bilimit
state of wear without replacement. The outmost dsk-
ters is flat on one edge formed in the shape ofhihde
passing a spherical surface with a medium-sizedthwid
18mm, length: 240 mm, height: 55 mm. Each outmast d
coulter has four mounting holes, and the weighinishe
range from 1100 to 1250g. Coulter is made of geest don
and surface layer of blade is chilled.

Source: own work Zrédto: opracowanie wlasne

Fig. 1. Outmost disk coulter of ,Poznaniak” seeder
Rys. 1. Stopka redlicy siewnika ,Poznaniak”

2.2. Surface layer modifications

relation to other soils ensuring perfect abrasigrditions.
Investigation of the mechanical composition of slod was
performed during the experiment. It was caused ljgm
tive evidence from other studies that it could hbigim-
pact on the intensity of wear [10].

Sieve analysis of the abrasive medium has enabled

screening 1000 g of soil and allowed for deternmamabf

particle size distribution curve. The curve anaysas con-
cluded that sand was optimal granulation with a/samall

share of gravel and dust fraction (less than 3%).

During the experiment the temperature was in amge
20-23°C, and the humidity of the abrasive mediurthiwi
7-13%.

For the experiment up to 6 pieces of outmost diskter
were selected and properly prepared from all vesiahsur-
face treatment. Each outmost disk coulter befoaeipy on
the test, has been thoroughly cleaned using utirasteaner
and then weighed. Distance of abrasive way wavénage
100 km £ 3km, which corresponds to approximatelyh86-
tares sowing field, assuming that width drill iS & [1].

All samples were tested under the same conditions,

which allowed to compare the results. Loss in welgg
fore and after test was checked and the calculatfotine
intensity of wear results was presented in tabualad
graphical form. It could determine the effect ofrfage
treatment on the abrasive resistance of the temtiénost

Two methods of surface treatments were performeed tdisk coulter.

change the properties of surface layer of outmisét cbul-
ter presser feet:

Due to the difference in linear velocities occogriat
different distances from the axis of rotation oé thowl,

In the first method - thermal spraying with powdereach sample was inverted while the direction oétroh
Eutalloy 10112 (Ni-Cr-B-Si with hard carbide phgses position. This action allowed for all three mounsainples

using the temperature of the flame 950-1000°C.

Jarostaw SELECH, Marta PACZKOWSKA, Grzegorz KINAL, Bartosz BARAN, Wojciech CHRUSCINSKI

89

cover the same distance.
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To obtain correct wear parameters for tested sasnplterized by reduced roughness in comparison toakecast.

was set to in fitted distance of approximately 12 cne
from each other. It does not influence on flow abu
stream of ground. Linear velocity for the three ghm
mounted at different distances from the axis of ritating
bowl amounted to 6.4 km/h 5.4 km/h and 4.3 km/haAssult
of this changes within the individual coulter frahe axis of
rotation managed to get an equal way of friction dth the
outmost disk coulters, regardless of their distainom the
axis of rotation. The diameter of bowl was 1600 @md the
linear speed along the circumference was 7.2 km/h.

The working depth of outmost disk coulter wastee4
cm. The conditions set up are corresponding with afrthe
most popular cereal seeder and outmost disk coulter

But, some imperfections like gas blisters and ingletely
melted powder particles were observed. After |ladleying
the width of the modified area was relatively snaadtl was
about 4mm (Fig. 2). One side track with a lengthooly
50mm at the edge of the outmost disk coulter waaiodd.
The edge of the outmost disk coulter was roundedl an
smoothed as a result of laser remelting.

It was observed that, after wear test surfacebeoides
of all outmost disk coulter cooperating with thegnd soil
were wiping, and the blade edges have been rourfded.
result of intense friction outmost disk coulter waitit addi-
tional modification have been smoothed out and eghin

polished. The side surfaces could be seen alsol smal

During the tests the following parameters were snea grooves in accordance with the direction of movenwn

ured: the linear velocity, distance travelled, hdityi abra-
sive medium and temperature. The studied parametmes
the values value of wear intensity per travellestatice.

2.4. The way of the surface layer and wear tests
assessing

The studies consisted of macro- and microscopic re

search carried out on the cross section to the wadace

using Epiquant Zeiss light microscope and 3212 ZWIC

hardness Vickers tester was used to assess tHe okthe
surface modification. During hardness measuremé6Gl
load were used.

The wear tests were assessed using weight measuirem

of outmost disk coulter presser feet before andraftear
tests using weight Radwag model PS 1000/Y with D,§0
precision.

3. Results and disscusion

The initial examination of outmost disk coulteteinded
for surface modification and wear test showed langere-
cision of the dimensions like oscillations of thaimline
dimensions, imprecisions in case of implementatiom
deployment of the mounting holes, variations irckhiess
and weight of the particular outmost disk coulteersv
characterized by a high roughness and small dents.

Macroscopic research of outmost disk coulter s@rfa
after modifications showed that, after thermal gjpr@ (in
opposite to laser alloying) quite large modifie@as were
obtained — approx. ¥4 of the whole surface of thenost
disk coulter (fig. 2). The surface of created awas charac-

abrasive particles. The side surface view and tige eut-
most disk coulter without any additional modificatiafter
the wear test was shown in fig. 3.

Source: own work Zrodlo: opracowanie wlasne

Fig. 3. The side surface view and the edge of ostrdisk
coulter without any additional modification aftdret wear
test

Rys. 3. Widok powierzchni bocznej i keahai stopki redlicy
w stanie wyjciowym po eksperymencie

Outmost disk coulter feet after thermal sprayingrev
characterized by matt surface with the lack of sigr
grooves. But small exfoliation of the coating wéaserved.
It was also noticed, that their impact strength Waser
than before the experiment. In case of outmost clishters
after laser alloying their surfaces were charapgetiby
high roughness than surfaces of outmost disk asultéth
absent additional surface modification but theirgesl
rounded up less.

Variant |

Treatment No modification

Thermal spraying Laséwyaihg with silicon nitride

The view of the edge of
the outmost disk coulter

Source: own work Zrodto: opracowanie wiasne

Fig. 2. The surfaces of the edge of the outmost cbsilter before wear test (with marked modifiedzas)
Rys. 2. Powierzchnia czubow redlic przed testetycamvym z zaznaczonymi strzatioszarami zmodyfikowanymi
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The results of weight loss of the outmost disk ltesu
feet with absent additional surface modification reve
characterized by the largest wear loss deviatitasréb0%).
Though 50% deviation rate is relatively high value,
should be taken into account results obtained therot
researchers [3,5] this value is within the nornmaits. The
differences in material of outmost disk coultertfoould be
the reason of this effect. It can be expected tiet
manufacturing process and whitening of gray castsiris
not completely stabilized and does not provide disienal
repetition. Therefore, similar state of the surféager is
probably not provided. In case of outmost disk teyuhfter
thermal spraying and laser alloying wear loss d@na
rates are smaller. It may be the result of modifice
performed in technology which allows to stabilizieet
machining parameters better. The weight loss ofdihe
most disk coulter values are shown in fig. 4.

2,5

2,299

2,0

1,5

1,0

0,465 0,406

Laser alloying with  Thermal spraying
silicon nitride

0,5

0,0

The average value of the weight loss [g]

No modification

Source: own work Zrodio: opracowanie wiasne

Fig. 4. The values of the weight loss of outmoskdioulter
Rys. 4.Srednie zdycie wagowe stopek redlic

The highest values were obtained for the outmasit d
coulter without additional surface modification.téf laser
alloying with silicon nitride the average valuetbé weight
loss was 5-times lower and after thermal sprayiag -
times lower in comparison to weight loss of outmdisk
coulter without additional surface modification. €rh
average values of the wear intensity (the weigbs lealue
calculated per working distancag/km]) are presented in
fig. 5. The outmost disk coulter without additiorsalrface
modification were characterized by average valuehef

wear intensity of 23ug/km. These values, calculated per

kilometer, might not seem to be large. But it skobk
taken into account that particular working elembas to
cross about 285 km if 100 h of filed needs to b& so

Consequently, the obtained results confirmed that
modification of the surface layer of outmost diskulter
feet significantly affects the abrasive wear inignsn
sandy soil.

The microstructural studies have shown that thenost
disk coulter after thermal spraying received a iogat

25,0

12,896

20,0

15,0

10,0

[mg/km]

4,458 3,985

Laser alloying with  Thermal spraying
silicon nitride

5,0

0,0

‘The average value of the wear intensity

No moedification

Source: own work Zrédio: opracowanie wlasne

Fig. 5. The values of the wear intensity of outmdistk
coulter ug/km]

Rys. 5. Intensywdoi zwtywania dla rénych wariantow
obrébki powierzchni stopek redligg/km]

The surface layer after laser alloying with silicoitride
was characterized by lower value of average hasdpres
approx. 1200 HVO0.1. Taking into account that whitest
iron (occurring at the edge of outmost disk coult&hout
any additional surface treatment) is characterizgaver-
age hardness of about 500 HVO0.1 2,5-times hardimess
creased could be stated after performed surfaegments.
In comparison to the matrix of gray iron (230HV1%)
times increased of hardness occurred in surfacer laffer
performed surface treatments (fig. 6).

1481
490

1200
236 .

Matrix of the Nomodification Laser alloying Thermal spraying
gray iron with silicon
mitride

Source: own work Zrodio: opracowanie wkasne

Fig. 6. The average hardness of the edge of thenamit
disk coulter with and without additional surfaceaiments
and the average hardness of the matrix of gray iron

Rys. 6.Srednie twarddci warstw powierzchniowych ostrzy
redlic bez i po obrobkach wraz zgednig twardaicig
osnowyzeliwa szarego ptatkowego

4. Conclusions

The study confirmed that there are technologiceisp
bilities of increasing wear resistance of agriadttools (or
equipment for earthmoving equipment), especiallgséh

heaving 0.05 mm thickness with microstructure-richmade of widespread cast iron. Longer lifetime opena

carbides. The surface layer obtained by laser iagpywas
characterized by dendritic microstructure, similém

hardened white cast iron. The thickness of allojaabr
was approx. 0.20 mm. The microstructure of the Hafter
laser alloying was very fine and homogenous, esfigdn

comparison to typical white cast iron. This micrasture
was additionally enriched with silicon nitride. Theerage
hardness of coat after thermal spraying was 1500.HV
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before reaching the serviceability limit state cfaw brings
guantifiable economic outcomes. In this way camucedhe
intensity of equipment wear working in the soil. t&ihed
results have great importance in the context ofaheual
crop of more than 14 million hectares of land iriaidd.

The performed research showed, that by appliefdir
treatments it is possible to change the microatrecof
outmost disk coulter surface layer and in this wayease
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their hardness and wear resistance. By laser afjo2i5- [3]
times and after thermal spraying 3-times hardnesease
was achieved in comparison to untreated outmoktatial- (4]
ter. Part of modified area after laser alloying wasside-
rably smaller than after thermal spraying. Weapatmost
disk coulter after laser alloying was 5-times aftérather-
mal spraying was 6-times smaller than wear of ogtrdisk
coulter without treatment.

Both treatments allowed to considerably decreasar w
of tested elements, but taking into account sizeodlified
areas, laser alloying could be more effective tneatt than
thermal spraying.

The study discussed in this paper allows one to- co [7]
clude that, it seems reasonable to continue researche
effect of various surface modifications and antaweoat-
ings on the wear process in an abrasive medium. 8]

Currently, laser treatment and coating by flantagpg
are not used on a mass scale, either in manufagtoriin
refurbishment of machine parts working in soil.

The problem of excessive wear affects many working®l
elements of construction and farming equipment. Sty
showed that there exist ready-to-use technologiesnt-
proving operational performance and delaying teaiin
weatr.

(5]

(6]
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