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Abstract: Researchs of the influence of the soil particles were perfomed on the powder loamy soil to powder clay texture. Standard and 
welded ploughshares were tested. The standard ploughshares are made of steel 50Mn7. The welded ploughshares are made by applying C-
Cr-Co-Ni-Si additional material on the steel 50Mn7. The ploughshares are tested on the plough roller machine. Researches were perfomed 
in periods of 120, 240 and 360 hours of ploughing, or 60, 120 and 180 work hours of each ploughshare. After 180 hours of work at least 
average reduction of the ploughshares lenght was at welded ploughshares and it amounted to 8,27 % of the initial length. At the same time 
reduced the average length of the top of the ploughshares with standard ploughshares amounted to 19,65 % of the initial length. It was 
concluded that the application of welded ploughshares can contribute to increased of the productivity. 

Keywords: PLOUGHING, SOIL PARTICLES, WEAR OF PLOUGHSHARES, PRODUCTIVITY 

 

1. Introduction 
While ploughing the soil certain parts of the plough wear, 

mostly ploughshares. The most weared parts of the surface are 
the top and blade. They dull during the work, causing the loss of 
the mass and dimension changes of the ploughshares. Standard 
ploughshares which are supplied while buying ploughs do not 
meet the requirements of sustainability. Delays which are caused 
by wear and dull of the ploughshares require some time to 
replace with new ones. It increases the costs and reduces the 
efficiency of the tractor. One of the possible solutions to the wear 
problem of the ploughshares is the surfacing hard layers to the 
top of the blade. Wear problems of the tools for the soil 
ploughing was among the first engaged by the scientist 
Richardson [1]. He found that the soils contain abrasive particles 
with a hardness greater than the hardness of ploughshares. 
Further examinations of the ploughshares different hardnesses 
author notes that the surface hardness is one of the most 
important characteristics of resistance to wear during operation. 
In the nineteen seventies experiments with the application of the 
hard layers of the additional material on the blades for the soil 
ploughing began [2]. Conclusion was that on the sustainability 
and wear, significant influence has humidity and mechanical 
composition of the soil during ploughing. Natsis and colleagues 
[3] investigated the influence of type and soil moisture and the 
sharpening of ploughshares on power consumption, performance 
and quality of ploughing. They conclude that on the clay and 
loamy soils ploughshares wear decreases with increasing soil 
moisture, and that on the sandy soils wear increases with 
increasing moisture content. They note that during the work with 
the worn-dull blade of the ploughshares comes to increasing the 
necessary traction force for 62 %, and consequently to reduce the 
effect of efficiency for 30 %. Banaj and colleagues [4] analyzed 
the arrangement of the moisture in depth and found out that, 
depending of the soil type, the difference between the layer of 0 
to 10 cm and 20 to 30 cm is around 5 %. Top of the ploughshares 
first dulls, and then other cutting surfaces [4, 5]. Aim of this 
research is, based on the comparision of the results of the welded 
and standard ploughshares, to find: change the basic dimensions 
of ploughshares, weight loss, and that based on these parameters 
define which of the tested ploughshares showed the best results. 

2. Ploughshares materials and research methods 
Research was performed with two tractors (W1 and W2 ) 

power of 129 kW with drive to all four wheels and two rotational 
ploughs with working width of 120 cm. Two characteristic soil 
types were selected for the analysis. 

For the analysis for the wear resistance during ploughing are 
selected: 1. standard ploughshares, manganese steel 50Mn7, test 

sample mark „A“, 2. own welded ploughshares, an optional 
protective layer on the base material C-Cr-Co-Ni-Si on the basic 
material of manganese steel 50Mn7, test sample mark „B“. 

2.1. Types of soil 

Research on the influence of soil to wear of the standard and 
welded ploughshares was performed on silty loamy and silty clay 
soil. Research was performed from september to december. Pre-
crop on plots on which was performed research were wheat and 
corn. Those pre-crops, due to the much larger soil compaction 
than after eg. turnip, affecting soil that has a higher resistance 
when ploughing [6]. The soil composition and the level of current 
humidity were tested, middle value on the depth from 0 to 30 cm, 
Table 1. 

Table 1: Composition, humidity and textural mark of the soil. 

Sample 
number 

Moisture 
content, 

% 

Mechanical composition of the soil, % particle, mm 

Big 
sand 

Small 
sand 

Total 
sand Dust Clay 

Texture 
mark 

of soil* 
2 
÷ 

0,2 
mm 

0,2 
÷ 

0,05 
mm 

2 
÷ 

0,05 
mm 

0,5 
÷ 

0,02 
mm 

< 
0,02 
mm 

1 19,32 0,25 0,93 1,17 67,95 30,88 PrGI 

2 26,72 0,98 1,69 2,67 74,67 22,65 PrI 

3 26,28 0,80 1,40 2,20 70,84 26,96 PrI 

4 35,39 0,46 1,28 1,74 67,78 30,48 PrGI 

5 26,13 0,89 1,64 2,53 69,51 27,96 PrGI 

6 25,72 1,08 1,39 2,47 66,46 31,07 PrGI 

7 23,99 0,37 1,08 1,45 65,06 33,49 PrGI 

8 24,28 1,01 1,67 2,68 68,95 28,37 PrGI 

9 32,37 0,70 1,13 1,83 66,50 31,67 PrGI 

10 24,25 1,09 1,28 2,36 67,77 29,86 PrGI 

11 21,41 0,92 1,70 2,61 71,24 26,18 PrI 

12 24,76 1,35 1,64 2,99 71,67 25,34 PrI 

13 21,24 0,34 2,05 2,39 69,35 28,26 PrGI 

14 23,61 0,49 2,02 2,51 70,83 26,66 PrI 

15 25,08 1,16 2,00 3,16 71,90 24,94 PrI 
*Soil mark: PrI - silty loam; PrGI - silty clay loam. 
 

The smallest share of the current humidity is established on 
the land no. 1 (19,32 %), while the highest was on the no. 4 
(35,39 %). It was found that the proportion of clay particles is in 
the range of 22,65 % on the land 2 to 33,49 % on the land. 7. On 
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this lands soil is silty loam (41,17 %) to sily clay loam texture 
(58,83 %). Percentage of particles of clay with silty loam soil 
texture ranged 22,65 % on the land 2 to 26,96 % on the land 3. In 
silty clay soil texture percentage of clay particles ranged from 
27,96 % on the land 5 to 33,49 % on the land 7. Increased share 
of clay particles affects a range of chemical and physical 
properties of soil. The main characteristic of the clay is swellable, 
and when the soil is dry, it is shrinking and decreasing volume. 
Clay particles are impermeable to water, have very high plasticity 
and stickiness when wet and compact and hard when dry. 

2.2. Material of the ploughshare 

Standard ploughs, mark „A“ are made of the manganese steel 
50Mn7. On experimental steels, standard ploughs and for making 
your own ploughshares chemical analysis was performed. 
Composition of both steel meets the requirements, Table 2. 

Table 2: Chemical composition of the basic material and standard and 
               own ploughshares. 

Steel mark 
50Mn7 

EN 10025-2: 
2004 

Chemical composition of the basic material, % 

C Si Mn S P Cr Ni Mo Cu N 

Standard 
ploughshares 

„A“ 

0, 
45 

0, 
33 

1, 
78 

0, 
029 

0, 
024 

0, 
22 

0, 
13 

0, 
04 

0, 
02 

0, 
007 

Own welded 
ploughshares 

„B“ 

0, 
55 

0, 
25 

1, 
63 

0, 
027 

0, 
030 

0, 
29 

0, 
12 

0, 
09 

0, 
03 

0, 
008 

 

Top of the ploughshare is part of plough is most exposed to 
reducing the dimensions during ploughing [6]. Except top, wear 
is exposed to the back part of the ploughshare blade. For the 
continuation of studies were selected: - to weld the top of the 
ploughshare with electrode C-Cr-Co-Ni-Si, with hand-arc 
process, - to secure back part with inductive melted powder C-
Cr-Co-Ni-Si. Hand-arc process is chosen because of complicated 
"the pointed" shape top of ploughshares (top triangle should be 
welded from the back side). The outer pard of the ploughshare is 
welded first, shaped in the letter „V“, and then fills the top of the 
triangle (dimensions ≈ 150 mm down part, b ≈ 120 mm upper 
part in shape of „V“). Back part of the ploughshare blade is 
welded with the inductive melted powder. Weld width is 20 mm, 
thickness is 3 mm. First, inductive device is welding the blade, 
and then with the hand-arc procedure is welded top from the front 
and the back side. The length of both sides of the top of 
ploughshares has the shape of a triangle side (≈ 50 mm). 
Inductive procedure is selected because of the possibility of 
achieving evenly distributed layer, evenly thickness and the 
speed of the melting procedure on such large lenghts (over 500 
mm). Chemical composition of the additional material is shown 
in Table 3. 

Table 3: Chemical composition of the electrode and metal powder of the 
               additional material. 

Chemical composition, % 
C Si Mn Cr Ni Mo Co 

3,30 1,49 0,43 24,32 3,13 0,10 3,20 
 

Analysis is performed with spectrometric method on the 
device SPECTRUMAT - 750 GDS. Characteristic dimensions of 
ploughshares are marked on Figure 1. By controlling the 
dimensions before, during and after the ploughing their wear will 
be followed. Measuring of the ploughshares „a“, „b“, „c“ and „d“ 
was performed with the caliper, measuring range 0 ÷ 200 mm 
with the accuracy of measurement (± 0,01 mm). 

Mass of the tested ploughshares will be determined by 
weighing on an electronic scale with measuring range to 6000 g 
and accuracy ± 1 g. 

 
Figure 1 The characteristic of ploughshares dimensional control: a - the 
                length of the top of the ploughshare; b - hight of the 
                ploughshare on front part ; c - hight of the ploughshare on 
                middle part; d - hight of the ploughshare on back part; l1 -  
                lenght of back part of blade; l2 - lenght of upper part of 
                ploughshare. 

2.3. Making of test ploughshares 

For the purposes of this research are purchased/constructed 
two sets of ploughshares, 8 ploughshares on every plough. Total 
of 16 ploughshares. One set of standard ploughshares was 
purchased (mark „A“) and one set of own ploughshares with the 
surface layer of the additional material „B“ was made, with same 
dimensional characteristics like standard one. Standard 
ploughshares are purchased from suppliers and on them were 
performed tests of the chemical composition, hardness, 
dimensional and mass control. With hand arc procedure top of 
the ploughshare was welded, and with inductive melting powder 
procedure back part of the ploughshare was surfaced. Surface 
preparation was performed before welding procedure. In arc 
welding process: sanding and degreasing, and in inductive 
process: milling of the surface prior to welding. For inductive 
welding of the ploughshare metal powder was used, and for arc 
welding the diameter of the electrode was ø 4,5 mm. Thickness 
of the additional material is around 3 mm. Average surface 
hardness of the standard ploughshares „A“ is 44 HRC, while on 
the welded ploughshares „B“ average hardness is around 46 
HRC. The characteristic appearance of standard ploughshares 
„A“ is showed in Figure 2, own welded „B“ in Figure 3. 

 
Figure 2 Standard ploughshares „A“ before ploughing. 
 

 
Figure 3 Welded ploughshares „B“ with basic material 50Mn7, before  
                ploughing. 
 

3. Test results 
Researchs were performed on both sets of the ploughshares, 8 

ploughshares on every plough. During the reasearch roller 
ploughs were used. Average start lenght of the top „a“ of 
standard ploughshares „A“ was 198,50 mm, width „b“ 142,13 
mm, „c“ 127,63 mm, „d“ 121,25 mm, while the average lenght of 
the top „a“ of welded ploughshares „B“ was 199,63 mm, width 
„b“ 143,75 mm, „c“ 132,13 mm and „d“ 125,63 mm. Control of 
dimension change and mass loss of the ploughshare „A“ and „B“ 
was performed in three periods: 120, 240 and 360 working hours. 

So, the roller plough was used, every ploughshare is 
controlled after 60, 120 and 180 hours of work. Before starting 
and in any defined time of the research measurement was 

Upper side 

Down side 

Upper side 

Down side 
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performed in order to determine size and weight. Results of 
change of characteristic dimension are shown in Table 4, and 
results of weight loss in Table 5. Figure 4 and 5 show 
ploughshares after testing/ploughing. 

           
Figure 4 Standard ploughshares „A“ after ploughing. 
 

           
Figure 5 Welded ploughshares „B“ on basic material 50Mn7, after 
                ploughing. 
 

Table 4: Average dimension reduce of 8 ploughshares during ploughing. 
Average reduction of characteristic dimensions 

Ploughshares 
type 

After 60 hours of 
work 

After 120 hours of 
work 

After 180hours of 
work 

Nominal dimension a 

Wear Wear Wear 

mm % mm % mm % 
Standard „A“ 16,13 8,12 27,38 13,79 39 19,65 
Welded „B“ 6,25 3,14 12,13 6,07 16,5 8,27 

 Nominal dimension b 
Standard „A“ 5,63 3,97 9,25 6,51 13,63 9,59 
Welded „B“ 3,13 2,18 6 4,18 8,13 5,66 

 Nominal dimension c 
Standard „A“ 6,88 5,39 10,5 8,23 14,13 11,07 
Welded „B“ 5,75 4,35 8,75 6,63 10,75 8,14 

 Nominal dimension d 
Standard „A“ 6,13 5,04 10,25 8,35 14,38 11,85 
Welded „B“ 5,13 4,08 8,25 6,57 10 7,95 

 

Table 5: Average weight reduce of standard and welded ploughshares. 

Ploughshares 
type 

After  
60 hours 

After  
120 hours 

After  
180 hours 

Weight loss Weight loss Weight loss 
g % g % g % 

Standard „A“ 355 9,04 678, 
75 

17, 
29 

1. 
032,50 26,29 

Welded „B“ 381, 
25 8,82 708, 

75 
16, 
39 971,25 22,45 

 

During research average speed of all tractors was monitored 
with chronometer in lenght of 100 m. In all tests the speed of the 
tractor is set to 7 km/h. The optimal speed is selected to obtain a 
good turn of the furrows. („that the ridges along as sheets of the 
book“), and to obtain appropriate tempo of ploughing. In the 
event of an increase in the occurrence of resistance of soil sensor 
in the transmission registers it. The automatic transmission shifts 
gears in the lower level of the movement, and has avoided the 
manual gear changes. The monitoring has found that during the 
experiment speed of tractors ranged from 6,8 to 7,2 km/h. The 
controller of high pressure pump adjusts engine speed and in 
terms of the major resistance it increased to a maximum of 200 
r/min. Size of treated surface is measured with the measuring 
tape, and work hours of tractor are measured with the 
chronometer, Table 6. 

 

 

Table 6: Size of treated surface and work hours of tractor. 

Work time, h 
Treated surface, ha Time of tractors 

clean work, h 
Standard ploughshares „A“ 

120 119,23 120 
240 110,23 120 
360 101,79 120 

 Welded ploughshares „B“ 
120 127,36 120 
240 113,92 120 
360 107,60 120 

 

Plough depth (ho) was determined with depth sonar, while the 
plough width (bo) was determined with measure tape, Table 7. 
Measures are in both cases performed 30 times with 3 repeats 
(total of 90), and it determined the average of depth and width of 
plough. 

Table 7: Middle values of the depth and width of ploughing. 

Tractor’s 
work time, h 

Depth and width of plough, cm 
Standard 

ploughshares “A” 
Welded 

ploughshares “B” 
ho bo ho bo 

120 29,17 163,68 29,67 163,90 
240 29,11 163,43 29,57 163,30 
360 29,03 163,41 29,93 163,09 

 

4. Analysis of the results and conclusion 
Average depth of plough with the standard ploughshares is 

29,10 cm. For welded ploughshares „B" average depth of 
ploughing was 29,71 cm. Analysis of the average reduction of 
ploughshares on characteristic parts (Table 4) determined 
significantly higher reduction of average dimension of standard 
ploughshares „A“ in comparision with the welded ploughshares 
„B“. The average weight of standard ploughshares „A“ before 
starting the work was 3.927,50 g, and welded ploughshares „B“ 
4.330,00 g. Average reduction of weight on standard 
ploughshares „A“ and welded ploughshares „B“ after 60, 120 and 
180 hours was shown in Table 5. On welded ploughshares „B“ 
whose surfaces were welded with combined technique of 
welding, there was less wear compared with the standard 
ploughshares „A“. Wear of ploughshares in sandy clay PrI is 
higher than in silty clay loam PrGI. This is consistent with the 
results [7] where is stated that the weight reduction of 
ploughshares in sandy soil was 30 to 150 g/ha, while the weight 
loss of ploughshares in clay soil was 5 to 30 g/ha. The intensity 
of the wear of ploughshares during ploughing increases with 
increasing the share of sand in the soil and ranges from 90 to 210 
g/ha [8, 9]. 

Table 8: Treated surface, working time and coefficient of utilization of  
               working time. 

Tractor's 
working 
time, h 

Treated 
surface, 

ha 

Time of 
tractors 
clean 

work, h 

Loss of 
tractor's 
working 
time, h 

Total 
working 
time, h 

Utilization 
of working 

time, % 

Standard ploughshares „A“ 
120 119,23 120 78,39 198,39 0,60 
240 110,23 120 74,70 194,70 0,62 
360 101,79 120 93,10 213,10 0,56 

Welded ploughshares „B“ 
120 127,36 120 50,17 170,17 0,71 
240 113,29 120 47,54 167,54 0,72 
360 107,60 120 51,74 171,74 0,70 

 

Natsis and colleagues [3] indicate that the ploughing 
performance is decreased for 30 % when the thickness of the 
ploughshare on blade during wear increases from 1 mm to 6 mm. 

Upper side 

Down side 

Upper side 

Down side 
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Longer life of ploughing tools increases the performance and 
the productivity. One of the reasons is less loss of work time due 
to frequent changes of the ploughshares [10]. Coefficient of 
utilization of working time with standard ploughshares „A“ was 
0,60 %, 0,62 % and 0,56 %. When ploughing with welded 
ploughshares „B“ coefficient of utilization of working time (at all 
measures 120, 240 and 360 hours) was 0,71 %, 0,72 %, 0,70 %, 
Table 8. Based on these preliminary results, an advantage in the 
application should be given to the welded ploughshares. 
Continuation of research through analysis of relations of 
influence of the structure of surface layers of ploughshares 
should point out the ratio of carbide in dull core, in order to get 
higher performance. We should not leave out either the economic 
effects that include not only the direct costs of 
development/acquisition of new ploughshares, but also possible 
indirect tribological "losses". 
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