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Improvement of Wear Resistance in Toothed Harrows Coated
with HVOF and PVD Methods

Y. S. Saygilil*, and B. Cakmak’

ABSTRACT

Surfaces of the toothed harrow were improved by using different coating materials and
methods. Four different coating methods and special alloy powders were used as coating
materials. TICN was applied with PVD, and the WC-Ni-Co-Cr-Si-Fe-B powder mixture
was applied with HVOF. The coating thicknesses was 2 pm and 5 pm in PVD, 500 pm in
the HVOF, and 500+2 pm in the application where HVOF+PVD were used together. The
wear trials were carried out in the laboratory, at a 50 km distance, in a double-speed trial
pattern that converted circular motion to linear motion. The trial model was used to
simulate the wear that occurs under real operating conditions in the soil. As a result of the
wear trials carried out under the same operating conditions, a total material loss of 3.99 g
occurred in the control (uncoated) harrow, the wear resistance increased, and less
material loss was observed in the coated harrows. The sample coated with the PVD
method had the lowest value with a material loss of 0.14 g. Material loss for other coated
samples PVD-5p, HVOF-500p, and PVD-2p+HVOF-500p was 0.19, 0.28, and 0.18 g,
respectively. When the amount of wear in the uncoated sample was 100%, the
proportional loss in PVD-2p, PVD-5u, HVOF-500p, and PVD-2p+HVOF-500p coated
samples was calculated as 3.41, 4.85, 7.16, and 4.57%, respectively.
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INTRODUCTION rarely lead to situations that are very
difficult or impossible to recover. Material
loss due to use or time causes a decrease in
the functionality of the machine even if it
does not cause serious malfunctions.
Various studies have been carried out to

Wear causes malfunctions in machines and
is the main cause of material losses,
especially in active elements (Bayhan, 2006;
Bemporad et al., 2008; Bressan et al., 2001; L . . .
Cakmak, 1999; Singh e al., 2017). Wear is minimize material loss by using rapidly
an increasing process of material loss from changing and develop 'ne technology since
the component's surface. Abrasion occurs in the first tools apd machines were used (Chen
many forms such as adhesive wear et'al., 2016; Cigek, 2018; Dave et“al., 2016;
(oxidative wear, metallic wear, and peel Dizdar and Maroh, 2.016; Ergu L 2.015)'
wear), abrasive wear (high-stress grinding ¥mprovements in material quality, studies to
wear, low-stress scratch wear and pitting improve material surface strength (Gupta et
wear), erosion wear (particle impact and aﬁ., 228{)?’ I? ang et ?1’23{) 71 % J(elmk%uikag ei
cavitation), and frictional wear (Chen et al., al., 2015; Rang et al., ) and tribologica
2017). Although it is often possible to properties (Karoonboonyanan et al., 2017;

L1 Malvarjedi et al., 2019a; Marani et al.
te for the 1 f material, it ’ ’ ’
compensate ot the 1055 OF material, 1t can 2019) can be shown as examples. The wear

! Department of Biosystem Engineering, Faculty of Agricultural Sciences and Technologies, Nigde Omer
Halisdemir University, Nigde, Turkey.

* Department of Agricultural Machinery and Technologies Engineering, Faculty of Agriculture, Ege
University, Izmir, Turkey.

: Corresponding author; e-mail: serhatsaygili@ohu.edu.tr

47


http://dx.doi.org/10.52547/jast.25.1.47
https://jast.modares.ac.ir/article-23-56920-en.html

[ Downloaded from jast.modares.ac.ir on 2024-11-26 ]

[ DOI: 10.52547/jast.25.1.47 |

Saygili, and Cakmak

resistance of tillage tools can be increased
by heat treatments and by applying a hard
coating or coating layer on the substrate
metal (Nalbant and Palali, 2011).

The HVOF method to reduce wear in
agricultural machinery has been investigated
in previous studies (Ergiil, 2015; Dizdar and
Maroli, 2016; Jegadeeswaran et al., 2013;
Kang et al. , 2017; Giiney, 2021). PVD
method and double coating processes are
used in other sectors (Bressan ef al., 2001,
Bemporad et al., 2008; Cicek, 2018; Dave et
al., 2015; Malvarjedi et al., 2019b).

In this study, comparison of the coating
with the HVOF method, which is in the
current literature, with the PVD and double
coating methods has been made.

MATERIALS AND METHODS

In this study, harrow teeth were coated
with different materials and methods. With
the coating processes, a hard, low friction
coefficient and high wear resistance layer
was formed on the harrow teeth. The hard
surface layer teeth formed was subjected to
an abrasion process and then their wear
conditions were examined.

Toothed Harrow Teeth

The teeth of the toothed harrow active
element used in the study were made of
AISI 1040 steel material. This material is
medium carbon steel commonly used in the
production of toothed harrow teeth. The
chemical content of the AISI 1040 material
used is 0.37-0.44% C, 0-0.40% Si, 0.50-
0.80% Mn, 0-0.0030% P, and 0-0.035% S.

The harrow teeth were bought from Hak

Celik Industry and Foreign Trade Inc. in
[zmir/Turkey with a material certificate. The
harrow teeth used in the study were prepared
by cutting from @25 mm round solid
material to the length used in the
manufacture of harrow teeth. After cutting to
length, the teeth were milled to 22 mm
diameter and 195 mm length with a lathe.
Forty mm length M10 thread was milled on
one side to provide the assembly. The
turning process of harrow teeth was done in
Ege University, Faculty of Agriculture,
Department of Agricultural Machinery, and
Technologies Engineering Departments’
Fine Mechanics Workshop. Coated and
uncoated harrow teeth used in the trials were
produced at one time and using the same
quality material.

Coating Materials

Various methods and coatings of different
thicknesses and combinations were applied
to the harrow teeth used in the study (Table
1). The surface coating methods and
application layer thicknesses used for the
PVD method were TiCN-2 pm for sample A
and TiCN-5 um for sample B. The surface
coating methods and application layer
thicknesses used for sample C were HVOF-
500 pm. Double-coated harrow teeth (for
sample D) were applied with the HVOF
method and WC-Co powder mixture at 500
pum in the first coating, and then 2 pm thick
TiCN coating material with PVD coating
method on the second coating.

The PVD coating was applied in the
Uddeholm Turkey Company Bursa plant.
The WC-Co powder coating material used in
the coating made by the HVOF method was
obtained by mixing COLMONOY-6 and

Table 1. Sample coding, Coating Methods, coating material and thickness.

Sample Uncoated  Coating-1 Coating-2 Coating-3 Coating-4

name (Code) Sample (S) (A) (B) (©) (D)

Coating - PVD PVD HVOF HVOF+PVD

method

g;?;lr?agl TiCN TiCN WC;E;)( tII)l cr)zvder WC-Co powder mixture

(Thickness) (2 pm) (5 pm) (500 wm) (500 pm)+TiCN (2 um)
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WOKA-3103 powders. This mixture is a
WC-Ni-Cr-Co-B-Si-based powder alloy.
The COLMONOY-6 powder mixture was
prepared at 55% by mass and the WOKA-
3103 powder mixture at 45% by mass. The
chemical content by mass of the coating
mixture used in the HVOF method and
defined as WC-Co was 2.76% C, 7.7% Cr,
2.31% Si, 1.65% B, 37.08% W, 7.7% W,
2.29% Fe and 40.81% Ni. The HVOF
coating was applied in TESLAB (Thermal
Spray = Technologies = Research  and
Application Laboratory) located in Sakarya
University, Turkey.

Wear Setup

In the study, the coatings used on the
harrow teeth made of AISI 1040 steel were
worn in an experimental environment to
determine the wear resistance and behavior.
A linear moving wear pattern was used to
perform the wear processes. Wear pattern
consisted of an electric motor, gearbox, belt-
pulley arrangement, Gal type chain
conveyor, and an abrasive bin (Figure 1).
The harrow teeth were connected to the
connection points on the wear system with
the help of detachable fasteners. The harrow
teeth were positioned in such a way that the
running marks did not overlap each other
and were positioned to work at a
homogeneous depth in the abrasive material.

The 2.2 kW electric motor
(Siemens/Germany), which provided the
movement to the wear system, rotateed at
1,400 rpm. The motion taken from the motor
is transferred to the gearbox by belt-pulley.

JAST

The gearbox (Tiirk Traktor/Turkey) drives
the harrow teeth with the help of the second
belt-pulley. The gearbox has four-speed
stages. However, only two of these four
stages are suitable for working with this
system. These rotation speeds are 36 rpm for
the first stage, 60 rpm for the second stage,
respectively. First speed; 3.13 km h™' (0.87
m s') and second speed was calculated as
522 km h' (145 m s') for linear
movement. The distance that the harrow
teeth travel in a single entrance in the wear
pin is 2.9 m. The wear setup was assembled
in a laboratory of Ege University, Faculty of
Agriculture, Agricultural Machinery and
Technologies Engineering Department.

Wear Process and Wear Material

The wear material was predominantly a
sandy mixture. To determine the content of
the mixture, analysis was made in Ege
University, Faculty of Agriculture, Soil
Science and Plant Nutrition Department, and
the content was determined as 94.4% sand,
432% clay, and 1.28% silt, and the
constituent class of the wear material was
evaluated as sand. Sand and sandy soils are
the working environments with high
abrasion effects for tillage machines.

Harrow’s teeth were positioned in a
pattern prepared for wear, so that the traces
of the front teeth did not interfere with the
working area of the teeth in the next row.
The harrow teeth were randomly placed on
the conveyor with 5 samples in the first row
and 4 samples in the following row. The
study was applied in a randomized block

Y ARNRRIRE

Figure 1. Sample wear patté?n: ('1)' Electric m(;for, (2) Gear box, (3) Belt-pulley, (4) Gal type chai, (5) Wear
bin, (6) Assembly points.
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design with 5 samples (4 coated samples+1
control sample)x2 speedsx3 parallelx2
replicates.

The harrow teeth were connected to the
conveyor connected to the chain link in a
way that their working directions did not
change according to the plan. Harrow teeth
with codes A, B, C, D, and S were subjected
to wear after their placement was made. The
number of laps of the drive sprocket shaft
was taken as a basis for measuring the active
distance worked in the wear process. The
total working distance for each trial was
calculated in km, using the number of laps
and the active (the distance the tooth enters
and leaves the soil) length. To determine the
wear amount (teeth weight) of the harrow
teeth, the teeth were removed every 5 km at
a total working distance of 50 km and
weight measurements were made with
precision scales. After weighing, the teeth
were reattached according to the layout plan
so that their directions remained the same.

Microstructural Characterization and
Chemical Composition Analysis of
Coatings

SEM-EDS and XPS analyzes were
performed with Thermo Scientific Apreo S
and Thermo Scientific K-Alpha brand
devices located in Ege-MATAL (Ege
University Center Research and Test
Laboratory  Application and Research
Center, respectively).

RESULTS

Hardness Values of Harrow Teeth

The hardness values of the samples before
coating were determined by performing the
Brinell Hardness Test. The average hardness
values of the teeth made of AISI 1040 steel
were found to be 283.38+18.08 HB.

The microhardness test was carried out
under a load of 19.614 N for 10 seconds to
determine the hardness values of the
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coatings on the coated harrow teeth. The
average  microhardness  values  were
919.50+£47.78 HV, for sample A,
970.50+125.53 HV, for sample B, and
1408.25+191.94 HV, for sample D.

For the microhardness test to be applied,
the surface to be measured must be parallel
to the testing machine’s table. As a result of
the PVD coating process applied to A, B,
and D samples, all surfaces of the samples
could be coated. The HVOF coating method
was applied for the C sample, and a rotating
mechanism was used for the coating process.
Due to the setup usage, the coating could
only be applied to the round surfaces, and
the microhardness test could not be done on
the C sample because the surfaces of the
harrow teeth were not planar. In samples A,
B, and D, the flat surfaces at the tips of the
harrow were also covered due to the coating
process, so, a parallel surface to the device
table was obtained and it was possible to
measure.

Wear Results of Harrow Teeth

As expected, because of the wear process,
the harrow teeth lost weight due to the wear
material. In the first speed of 0.87 m s™, the
highest weight loss was observed in S
(uncoated), C, and A coated samples,
respectively, while there was no weight loss
in B and D coated samples. The effect of
coating, forward speed, and wear distance
variables on the amount of material loss was
found to be statistically significant (95%
confidence interval) (Table 2). The coating
material, working speed, and working time
influence the wear of the teeth. In addition,
their interactions were found to be
statistically significant.

Figure 2 shows the amount of material loss
occurring in the abrasion tests performed at
the first speed and 50 km abrasion distance.
Material losses of S samples at first speed
were measured as 0.411 g in total at the end
of 50 km. Visual changes on teeth are given
in Figure 3. The total material loss that
occurred in A sample at the first speed was
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Figure 2. Variation of total material loss in
samples at first speed over 50 km distance.
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Figure 3. Visual change of teeth after the first
speed wear.

Table 2. Statistical evaluation for material loss (ANOVA, a: 0.05).

Material loss

Sources Squares Squares

total df average F Level of importance
Coating 3.130 4 0.782 31486.037 0.000
Speed 0.800 1 0.800 32200.024 0.000
Wear distance 0.495 10 0.049 1990.335 0.000
CoatingxSpeed 1.958 4 0.489 19694.963 0.000
CoatingxWear distance 1.396 40 0.035 1404.742 0.000
SpeedxWear distance 0.313 10 0.031 1259.989 0.000
Total verified 9.039 659

0.010 g. This loss in B-coated samples was
0.007 g. The material loss that occurs can be
interpreted as the removal of the coatings on
the samples due to wear. While the coating
area lost after abrasion in the A sample was
21.78 mm”® on average, it was 7.26 mm’ for
the B samples. The wear that occurs in the C
samples the loss of material and the removal
of the coating from the surface show
themselves as a color change. The gray color
of the coating acquired a brown-green color
with wear. Due to the friction on the tips of
the harrow teeth, this color change increased
at the tip. The loss of material at the first
speed in C samples was 0.045 g. Although
there was no weight loss at the first speed in
D samples, in all samples, coating removal
from the surface due to wear was observed.
The removal of the coating from the surface
due to the wear in the D samples manifested
itself as discoloration and the emergence of
the undercoat HVOF coating. The color
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change concentrated at the ends and was an
indication that the abrasion occurred
intensively in this area. The visual changes
that occurred in the samples that had been
coated in the first-speed abrasion condition
are given in Figure 4.

It is known that wear increases with
increasing forward speed (Dave et al, 2016).
Accordingly, material losses increased in the
second-speed abrasion process. S (Control)
samples had the most material loss, while
the A and B samples were worn more than
the C sample. In addition, while D samples
did not lose weight at the first speed, wear
occurred with the increase in speed at the
second speed.

The amount of material loss that occurred
in the wear process at 50 km with the second
speed is shown in Figure 4. The material
loss at the second speed in the samples
without coating was determined as 3.574 g.
The material losses of the A samples at the
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second speed were 0.126 g, in the B samples
the loss at the second speed was 0.186 g,
although there was no material loss at the
first speed. Material loss in C samples was
0.238 g, while the material loss for D-coated
samples was 0.182 g. In the second speed,
the loss of weight in the samples with codes
A and B and the areas of removal of the
coatings from the surface due to wear
increased.

While the separation area formed in the
coating in the A sample was 26.62 mm’ on
average, it was 29.04 mm” in the B sample.
As a result of working at the second speed,
the B samples were worn more than the A
samples and were exposed to the removal of
the coating from the surface in a larger area
(Figure 5). The wear of the D samples, the
loss of material, and the removal of the
coating from the surface are manifested as
color change. The gray color of the coating
takes on a brown-green color with wear.
Due to the friction at the tips of the harrow
tooth, this color change increases at the tips
that met the soil.

The material loss rate in uncoated
(control) samples increased by 8.70 times
compared to the first speed (Figure 6). When
the increase in material loss due to the
working speed of the coated samples was
compared, the order was C< A< D< B
samples. The increase in wear rates was
529, 12,6, 18.2, and 26.57 times,
respectively.

A linear relationship is expected between
wear distance and material loss. However,

4/500
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Wear Distance (km)

Figure 4. The total amount of material loss in
samples at the second speed.
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the amount of material loss resulting from
the wear processes showed a polynomial
trend for each wear distance range. It is seen
that there is an increasing relationship
between the wear distance and the amount of
material loss (Figure 6). Although the same
wear distance was applied, the amount of
material loss increases for every 5 km
traveled. Considering the total working
distances, the most abrasion occurred in
samples without coating (control-S). The
total material loss ranking was realized as
A< D< B< C samples. When the total wear
amount of the samples coated with uncoated
samples was compared, it was determined
that there was 29.3 times less material loss
in the A sample, 20.6 times in B samples,
14.1 times less in C samples, and 21.9 times
less in D samples. As the wear distance and
working speed increased, the material loss
due to wearing increased.

In Table 3, the amounts of average
material loss and total material loss are
given in the first and second operating speed
conditions after the 50 km wear distance of
all samples. In the table, the loss in S
(control) samples is accepted as 100. The
lowest proportional loss for the first speed
value was seen in B samples, then in A and
C samples. The sample with the lowest
proportional loss rate for the second speed
value is the A sample. This sample is
followed by the D, B, and C samples.

Different material loss amounts in the
samples were measured at the first and
second speed values. Comparing these loss

‘ Vi;

coated teeth.


http://dx.doi.org/10.52547/jast.25.1.47
https://jast.modares.ac.ir/article-23-56920-en.html

[ Downloaded from jast.modares.ac.ir on 2024-11-26 ]

[ DOI: 10.52547/jast.25.1.47 |

Improving Wear Resistance by Coating Methods

amounts with the reference value, different
proportional losses are calculated in the
samples. With the increasing amount of
material loss, the proportional losses
calculated in A, B, and D samples increased.
In sample C, the calculated loss rate is lower
for the second speed value. The reason for
this is the increase in the amount of material
loss measured in the reference sample with
an increasing feed rate. When the coated
samples are examined in terms of
proportional loss, sample C is the sample
with the highest value for both speed values.

Table 3. Material loss amounts and rates of samples.

JAST

Microstructural Analysis
XPS Analysis

XPS analysis was performed as spot
scanning with the rays emanating from the
Al Ko Monochromatic X-ray source at the
energy level of 50 eV in the 60x60 mm
sampling area. Atomic percentages of the
elements in the coatings are given in Table 4
according to the analysis.

According to the data obtained from the
XPS analysis, it was determined that most of
the composition of the B-coated samples

Sample Speed I Speed 11
P Material Loss (g) Proportional loss (%) Material Loss (g) Proportional loss (%)
S 0.411 100.00 3.574 100.00
A 0.010 2.43 0.126 3.52
B 0.007 1.70 0.186 5.20
C 0.045 10.95 0.238 6.66
D 0.000 0.00 0.182 5.09
4/000
3/75
3730 mS mA uB mC D
3/500
3/250
3/000
20 2/750
5 2/500
(=]
2 2/250
R=
2 2/000
= 17750
S .
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<
S 1250
1/000
0/750
0/500
0/250 l — .
e -1 mulln
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Figure 6. Material losses change in samples after 50 km wear distance for speed I, speed
I1, and total material loss of the samples per 50 km wear distance.
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Table 4. XPS Patterns of coatings.

A-B C D
Element Atomic % Element Atomic % Element Atomic %
C 74.78 W 0.4 W 0.2
N 4.69 Si 321 N 2.62
Ti 0.88 B 1.84 B 2.18
(0] 17.24 C 69.96 C 52.27
N 5.05 N 6.32
(0) 16.17 Ti 1.13
Co 0.66 (0] 20.59
Ni 0.46 Fe 0.56
Co 0.37
Cr 0.76

consisted of TibX, FeX, and CX
compounds. The compounds formed in the
C-coated samples were determined as Fe, X,
SizX, CI'QX, W4X, NizX, COzX, C]X, BIX,
and N, X. D-coated samples were determined
to consist of Co,X, Ti, X, Fe; X, WX, Nir X,
CiX, B;1X, N; X, and S,X compounds.

SEM and EDS Analysis

The 5000X magnified images of the B-C-
D coated sample taken from the SEM
analyzer are given in Figure 7. The coated
material and crystal grains formed by the
coating are visible in the figure. It is seen
that the coating provides good adhesion to
the surface with the help of the layers
formed due to the surface roughness and the
indentations and protrusions formed during
processing. The granular structure and
crystals formed by the WC-Co elements in
the powder mixture sprayed with the HVOF
coating the granular structure formed by the
HVOF coating and the large-sized WC
crystals, and the small-sized Ti crystals
formed in the cavities are seen in the C
samples (Figure 7).

EDS analysis was performed for each
sample to determine the elements forming
the coating. EDS analysis was performed at
5000X magnification. For EDS analysis, a
certain area was determined on the sample
and the mass and atomic percentage values
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of the elements were found in this area.
Table 5 shows levels of the chemical
composition of the B, C, and D samples by
% mass.

DISCUSSION

After contact with abrasive materials in
the soil, abrasion occurs on the harrow teeth
over time. To prevent abrasion, harrow teeth
exposed to abrasion are coated with WC
(Tungsten Carbide) based powder alloys and
TiCN  (Titanium  Carbonitride) based
materials. When the wear mechanisms are
examined, it can be said that the abrasion on
the hard surface is less compared to the soft
surface. However, since the work can be
done in two directions in toothed harrows
and the active element coated surfaces are
round, all surfaces are coated. Ergiil (2015)
emphasized that WC-based materials have
good abrasion resistance. Kang ef al. (2017)
coated the soil tillage cutting blades with the
thermal spray method using different coating
materials. They reported that the WC-Co-Cr
coating powder showed better wear
resistance than other coating powders. In
this study, which was carried out to prevent
the abrasion that occurs on the harrow teeth,
it was determined that the wear on the teeth
that were not coated at the end of the
abrasion processes lost more material
compared to the WC-based coated teeth.
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Figure 7. SEM micrographs of coatings (top view).

WC Grains

Table 5. EDS chemical compositions of the coating materials.”

B C D
Element By mass % Element By mass % Element By mass %
C 13,12 B 3,13 C 13,06
N 22,19 C 25,36 N 21,62
0) 6,93 Si 1,64 o 9,37
Ti 29,3 Cr 1,77 Ti 29,54
Fe 4,55 Fe 3,39 Cr 0,16
Co 11,38 Fe 0,89
Ni 1,09 Ni 0,11
w 52,24 4 2,15

“B: PVD-5 p; C: HVOF- 500 p, D: HVOF- 500 p+PVD-2 p.

Singh et al. (2021) applied different
coatings in their study to determine the wear
characteristics of plow end irons
manufactured from EN-42 steel material and
conducted field trials in different conditions.
They obtained different surface hardnesses
with the coatings they applied on the end
irons. They reported that there were
differences in wear rates with the change in
the hardness values. In this study, different
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coatings were applied to harrow teeth and
different hardness values were obtained. For
this reason, the wear behavior of the harrow
teeth has become different.

Nalbant and Palali (2011) investigated the
wear conditions of the different surface
coating layers applied to the plowshare
during soil cultivation. They reported that
the coating made with the PVD method
showed the longest wear resistance
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compared to other coating methods and had
the least material loss. Malvajerdi et al.
(2019) coated the active elements of the soil
cultivation machines made of Ck45 material
with the PVD method and reported that the
friction coefficient in the samples decreased,
the draft force decreased, and the working
life increased. In this study, PVD-coated
harrow teeth had the least material loss.

Picas et al. (2017) reported that the
double-coated samples showed longer wear
resistance and the friction coefficients could
be reduced to very low values. The results of
this study show that the material loss of the
double-coated samples was more than PVD-
coated samples. The first coating layer
applied with HVOF appeared to increase the
friction coefficient, therefore the material
loss values were higher.

According to the findings obtained in the
study, it was determined that TiCN-based
(PVD) coatings had less material loss than
uncoated and WC-based (HVOF) coatings.
In this study, a tough and partially hard
base-first coating layer and a hard second
coating layer were obtained in double-coated
samples. In the abrasion tests, it was
determined that the double-coated samples
were in the second place in terms of material
loss due to wearing.

CONCLUSIONS

This study aimed to improve the wear
resistance of harrow teeth by using different
surface coating methods. To prevent/reduce
wear, the harrow teeth exposed to wear
coated with WC (Tungsten carbide) based
and TiCN (Titanium Carbonitride) based
materials. According to the findings, it was
determined that coatings made with the
TiCN-based (PVD) method had less material
loss and relative wear resistance improved
compared to uncoated and WC-based
(HVOF) samples. It can be said that the
formation of a first coating layer and a hard
second coating layer on a tough and partially
hard substrate in double-coated samples
partially improves the material wear
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resistance and is the second-best coating in
this regard.

In the study, it was determined that the
coated harrow teeth provides a much better
wear resistance than the control (S) samples.

When the coated samples (A-B-C-D) are
compared, they are the C-coated (HVOF-
WC powder alloy) samples that suffered the
most weight loss at both speeds. During this
coating process, it is thought that the
roughness value of the powder mixture
sprayed on the surface is relatively high at a
visually detectable level, resulting in a
higher friction coefficient compared to other
coated samples. While B and D coated
samples did not lose weight compared to the
first-speed etching tests, A coated samples
lost weight. While there was no weight loss
in the B-coated samples at the first speed,
shedding was observed in the coating on the
coated surface.

In the second speed trial, weight loss was
observed in all samples. It is seen that B
samples lost the most material among the
coated samples. The weight loss in D
samples was expected to be less due to the
double coating formed with a less hard layer
on the backing material and a harder second
layer with a low friction coefficient.
However, with the erosion of the second
coating layer, wear was observed in the
lower coating layer. Sample A, on the other
hand, showed the best performance and gave
the best result at both speed levels.

According to the result of this study, the
average weight loss of the coated samples
was 21.5 times less compared to the samples
without coating. Although the cost for the
coating processes was 17 times higher than
the cost of uncoated samples, it seems more
profitable to use coated samples when
looking at the weight loss. The usage of
coated material appears to be more
profitable, with the coating processes getting
cheaper. Among the coatings, for
agricultural machinery active elements, the
PVD method is seen as a more effective
coating method than the HVOF that were
used in the studied soil conditions.


http://dx.doi.org/10.52547/jast.25.1.47
https://jast.modares.ac.ir/article-23-56920-en.html

[ Downloaded from jast.modares.ac.ir on 2024-11-26 ]

[ DOI: 10.52547/jast.25.1.47 |

Improving Wear Resistance by Coating Methods

ACKNOWLEDGEMENTS

This work was supported by Ege
University Scientific Research Projects
Coordinator as project numbered FYL-2019-
20452.

REFERENCES

1. Bayhan, Y. 2006. Reduction of Wear via
Hardfacing of Chisel Ploughshare. Tribol.
Int., 39(6): 570-574.

2. Bemporad, E., Sebastiani, M., Staia, M. H.
and Puchi Cabrera, E. 2008. Tribological
Studies on PVD/HVOF Duplex Coatings on
Ti6Al4V Substrate. Surf. Coat. Technol.,
203(5-7): 566-571.

3. Bressan, J.D., Hesse, R. and Silva Jr., E. M.
2001. Abrasive Wear Behavior of High-
Speed Steel and Hard Metal Coated with
TiAIN and TiCN. Wear, 250: 561-568.

4. Cakmak, B. 1999. A Study on the Quality
Concept Regarding Materials Used and
Improvement of Some  Domesticly
Manufactured  Agricultural ~ Machines.
Doctorate Thesis, Institution of Applied
Sciences, Ege University, Izmir, Turkey,
244 PP.

5. Chen, W., Fang, B., Zhang, D., Meng, X.
and Zhang, S. 2017. Thermal Stability and
Mechanical Properties of HVOF/PVD
Duplex Ceramic Coatings Produced by
HVOF and Cathodic Vacuum Arc. Ceram.
Int. 43(10): 7415-7423.

6. Chen, W., Mao, T., Zhang, B., Zhang, S.
and Meng, X. 2016. Design and Preparation
of Advanced HVOF-PVD Duplex Coating
by a Combination of HVOF and Arc Iron
Planting. Surf. Coat. Technol., 304: 125-
133.

7. Cigek, H. 2018. Wear Behaviors of
TiN/TiCN/DLC Composite Coatings in
Different Environments. Ceram. Int., 44(5):
4853-4858.

8. Dave, V., Rao, GP., Tiwair, G. S., Sanger,
A., Kumar, A. and Chandra, R. 2015.
Nanostructured Wear Resistant Coating for
Reversible  Cultivator ~ Shovels:  An
Experimental Investigation. 2nd
International Conference on Emerging
Technologies: Micro to Nano (ETMN-
2015). AIP Conf. Proc., 1724: 020119.

JAST

57

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Dave, D. P., Chauhan, K. V., Chavda, M.
R. and Rawal, S. K. 2016. Study of
Tribological Behavior for Chromium-Based
Coatings Deposited on Conventional
Materials. Proc. Technol., 23: 91 —97.
Dizdar, S. and Maroli, B. 2013. The
Abrasive Wear Resistance of Thermal
Surfacing Materials for Soil Tillage
Applications. Proceedings  of  the
International Thermal Spray Conference
2013, PP. 543-554.

Erglil, E. 2015. Increasing the Cutting
Efficiency of Chopper Blades of Corn
Harvesting Machine for Silage by using
Thermal Spray Coating. Doctorate Thesis,
Institution of Applied Sciences, Ege
University, Izmir, Turkey, 112 PP.

Gupta, A.K., Jesudas, D.M., Das, P.K. and
Basu, K. 2004. Performance Evaluation of
Different Types of Steel for Duck Foot
Sweep Application. Biosyst. Eng., 88(1);
63-74.

Giiney, B. 2021. Corrosion and Wear
Behaviour of HVOF Spraying WC-12% Ni
Coating on Gray Cast-Iron. Indian J. Eng.
Mater. Sci., 28: 73-81.

Jankauskas, V., Antonov, M., Varnauskas,
V., Skirkus, R. and Goljandin, D. 2015.
Effect of WC Grain Size and Content on
Low Stress Abrasive Wear of Manual Arc
Welded Hardfacings with Low-Carbon or
Stainless Steel Matrix. Wear, 328-329: 378-
390.

Jegadeeswaran, N., Ramesh, M. R. and
Udaya Bhat, K. 2013. Combating Corrosion
Degradation of Turbine Materials Using
HVOF Sprayed 25% [Cr3C2-
25(Ni20Cr)]+NiCrAlY Coating. Int. J.
Corros., (1-2): 1-11.

Kang, A. S., Grewal, J. s., Jain, D. and
Kang, S. 2012. Wear Behavior of Thermal
Spray Coatings on Rotavator Blades. J.
Therm. Spray Technol., 21(2): 355-359.
Kang, A. S., Grewal, J. S. and Cheema,
G.S. 2017. Effect of Thermal Spray
Coatings on Wear Behavior of High Tensile
Steel Applicable for Tiller Blades. Mater.
Today Proc., 4: 95-103.

Karoonboonyanan, S., Salokhe, V. M. and
Niranatlumpong, P. 2007. Wear Resistance
of Thermally Sprayed Rotary Tiller Blades.
Wear, 263(1-6): 604-608.

Malvarjedi, S. S., Malvarjedi, A. S. and
Ghanaatshoar, M. 2019a. Protection of
CK45 Carbon Steel Tillage Tools Using


http://dx.doi.org/10.52547/jast.25.1.47
https://jast.modares.ac.ir/article-23-56920-en.html

[ Downloaded from jast.modares.ac.ir on 2024-11-26 ]

[ DOI: 10.52547/jast.25.1.47 |

Saygili, and Cakmak

20.

21.

22.

23.

24.

25.

TiN Coating Deposited by an Arc-PVD
Method. Ceram. Int., 45(3): 3816-3822.
Malvajerdi, S.S, Malvajerdi, A.S,
Ghanaatshoar, M., Habibi, M. and Jahdi, H.
2019b.  TiCrN-TiAIN-TiAlSiN-TiAISiCN
Multi-Layers Utilized to Increase Tillage
Tools Useful Lifetime. Sci. Rep, 9: 19101.
Marani, S. M., Shahgholi, G. and Moinfar,
A. 2019. Effect of Nano-Coating Materials
on Reduction of Soil Adhesion and
External Friction. Soil Till. Res., 193: 42-
49.

Nalbant, M. and Palali, A. T. 2011. Effects
of Different Material Coatings on the
Wearing of Plowshares in Soil Tillage.
Turk. J. Agric. For., 5: 215-223.

Onal, 1., Ugucu, R. and Aykas, E. 1994.
Ongoriilen Alet-Makina setlerinde ariza
olasiliklarinin  belirlenmesi  ve  ariza
gruplarinin ¢éziimlemesi (Determination of
Failure Probability in Projected Tool-
Machine Sets and Analysis of Failure
Groups). Giineydogu Anadolu Projesi
Kalkinma Idaresi Baskanhigi, Ankara,
Tiirkiye, 34 S.

Picas, J. A., Menargues, S., Martin, E.,
Colominas, C. and Baile, M. T. 2017.
Characterization of Duplex Coating System
(HVOF+PVD) on Light Alloy Substrates.
Surf. Coat. Technol., 318: 326-331.
Shakhov, V., Ivanova, S., Uchkin, P. and
Ushakov, Y. 2019. Studies in Coatings for

26.

27.

28.

29.

Working  Bodies of  Deep-Rippers
Recovered by Plasma Surfacing. 8t
International Scientific Conference
"Engineering for Rural Development”,
Latvia University of Life Sciences and
Technologies, PP. 44-49.

Sharifullin, S. N., Adigamov, N. R,
Adigamov, N. N., Solovev, R. Y. and
Arakcheeva, K. S. 2016. Surface Hardening
of  Cutting  Elements Agricultural
Machinery Vibro Arc Plasma. J. Phys.:
Conf. Ser., 669: 1-6

Singh, J., Chatha, C. H. and Sidhu, B. S.
2017. Influence of Soil Condition on
Abrasion Wear Behavior of Tillage
Implements. Int. J. Latest Trends Eng.
Technol., Special Issue AFTMME: 258-
263.

Singh, J., Chatha, S. S. and Sidhu, B.S.
2021. Abrasive Wear Characteristics and
Microstructure of Fe-Based Overlaid
Ploughshares in Different Field Conditions.
Soil Till. Res., 205.
https://doi.org/10.1016/j.still.2020.104771.
Ulusoy, E. 1981. Baz1 Toprak Isleme alet
ve Makinalarinda Is Organlarinin Aginmasi
Uzerinde Arastirmalar (Researches on the
Abrasion of Work Organs in Some Soil
Tillage Tools and Machines). No. 390,
Ziraat Fakiiltesi Yayinlari, Ege
Universitesi, 133 PP.

o 0a1d L}:"‘:’Si (Toothed Harrows))le FH TR leﬁ&&.g 39 il 4 Cwoglio Sgago

PVD gHVOF sl g, U

Ssls .o 9 ( M. w. S

Sy ey lgr A esls e b e Calises gl By g 3lge 3l eslanal b yls a\x;&fcp

5 i Jles! PVD L TICN i oslizal iy slos Olsie & Lol 5UT slaysg 5 Cabises s

PVD s by Cubes .dd o3y 8 4 HVOF L WC-Ni-Co-Cr-Si-Fe-B 35 Ll
o» LHVOF + PVD & Jlas )5 )3 5 ¢ 709,5500 L, HVOF )5 205 Seo 05 j205,SaY

ggi)a (& o kSO ,_.....aggi): ualij«ilﬂjT)J el L;LA‘;%L»)'T.A}{ J:.abg.:a Ore +Yld o 0olizul


http://dx.doi.org/10.52547/jast.25.1.47
https://jast.modares.ac.ir/article-23-56920-en.html

[ Downloaded from jast.modares.ac.ir on 2024-11-26 ]

[ DOI: 10.52547/jast.25.1.47 |

Improving Wear Resistance by Coating Methods !JJA\b; ][‘

Jio s plbnil 38 o fs (s CS w0 |y lopls SS oS 6By e g b auleT &SI
o 53 b eslital das e 2y S s 8l slles Ll jsaS ile ol ad ol L;J".ﬁl.ﬂ)'T
dals K 3 285 ¥.A4 Ly sl IS 01 OLSS Sbes Jailys 55 0dd plowl ol sla b3l
e iy sl Kir )3 (58 sl DU 5 3L b Gl 4 Caglie ol 5y (Ghbe Osk)
o3 3l s |y e o 28T 0,8 1 0F NI LPVD 5, bk els il aipes ks odalie
PVD-2u+ HVOF- 5 (HVOF-500[t PVD-5[L od& osls idy sla 4505 505 55 slge O3l
g Y0V i Ogky e 3 ialr Ol oS o&in 3 0 80N 5 YA 0 L (55 4 5000
PVD-2p+HVOF-. HVOF-500PVD-5[1 PVD-2t ois o313 i 5o @ ga3 53 comlize &3

(A dloes %R0V 5 %V.NF %F.AD J6¥.F) s 55 4500

59


http://dx.doi.org/10.52547/jast.25.1.47
https://jast.modares.ac.ir/article-23-56920-en.html
http://www.tcpdf.org

