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Due to wear processes of metallic materials of agricultural machines parts in intensive abrasive wear, especially owing to chemical

potential of environment cause a pemanent deformation by means of shifts inside the material and mutual displacement of the

whole crystals. Experiments conducted study the effect of mechanical and chemical factors of soil wearing environment on

mechanical properties of worn surfaces of agricultural machines pafis and quantify a rate of increase of micro-hardness, depth

and size of hardening of suďace layer. The results of an experiment performed with CK55' X8Cr17 and X6CrNiMoTi steel

confirmed that hardening is manifested in deferent way on each investigated material what depends on physico-chemical properties

of the given material. Results of chemical analysis of materials used as well as results of measurement of macro and micro-hardness

are in tables. Intensity of wear, micro hardness of wom suďace of a sample and depth of hardening depend not only on acting

load, but on the chaÍacter and chemical composition of soil wearing environment as wel1. Materials of ferrite+pearlite and austenite

structures harden in connection with their plasticity.

abrasive wear; soil; mechanical factors; chemical factorsl passivity

INTRODUCTION

Upon operation of the farm machines and equipments.
through their functional parts, wear processes take place.

Characteristics of these operations and their intensity de-

pend on a number of operational and metallurgical fac-
tors which lead the machines and machinery equipments
to reach the top condition, where these machines cannot
perform the functions and jobs for which they were
manufactured.

The metal as a material cannot be compensated in
many fields of manufacturing due to its distinguished
characteristics. Whereas industry and treatment of metal-
lic materials is considered a very expensive operation as

regards energy and raw materials, research for methods
of improvement of their manufacturing, particularly us-
ing thereof is still continuing.

One of these methods is deepening the study of the
metallic materials characteristics and disposition under
complicated tension conditions and acquaintance of all
metallurgical and operational factors, which cause wear
of the metallic materials.

Due to intervention of several specialties in this field
such as mechanics, solidity, elasticity, tribology, produc-
tion technology and treatment of metals etc. Study of the

characteristics and disposition of the metal materials
since their manufacturing up to arrival of the top condi-
tion is considered very wide field. Research of reasons
of the metallic materials wear is considered a very com-
plicated matter, because it depends on a large number of
different factors and effects.

Should this study not determine the main and effec-
tive parts, the next study will be very complicated.
Therefore, it is inevitable to fully evaluate the studied
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case and to use the concluded information in research.
industrialization and application fields aiming at ap-
proaching new results to help the increase durability of
the machines and equipments and their operational ca-
pacity, improve their quality and technical level and de-

velop new materials, as well as to limit costs of manu-
facturing and passive effects against bio-environment.

Most important reasons of farm machinery parts de-

fect which limit the machine life and its operational ca-
pacity are phenomena of tribology, which studies all phe-

nomena of friction and wear, where the friction which
results wear of all machine functional parts is resistance
of the mutual movement, which contacts the surfaces of
at least two materials in direction of its movement.
Blaskovic et al. (1990) defines wear as decreasing
of the mass and dimensions of the solid bodies surfaces
as a result of the mutual effect of these surfaces as well
as causing loss of a part of the movement energy of these

bodies cause damages of the machines through wear sur-
pass other damages such as wear fractions and damages
result in excessive tension etc.

N o f a l (1991) classified important kinds of WeaÍ as

adhesive wear, abrasive wear, erosive wear, cavity wear,
fatigue wear and vibrating wear.

Abrasive wear (which is subject of this research),
which is characterized by separation of the material gran-
ules from the operating surface of the machine part due
to the effect of a rough surface and another solid body
or due to the effect of free and solid granules, was stud-
ied by Quirke et al. (1988). They consider abrasive
weaÍ as a kind of wear which causes damage and defect
of the functional parts of the farm machines and equip-
ments which have direct contact with soil, whereas the

latter contains solid and rough granules abrading thereof.
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This kind of abrasive wear in the soil is normally
evaluated in quantitative methods used for testing manu-

facturing of the metallic materials under laboratory con-

ditions on the basis of decrease of the mass. A 11e n et

al. (1986) shows that this kind of wear does not depend
on type, characteristics and hardness of metals from
which the parts of farm machines and equipments oper-

ating in the soil are made only, but on chemical and
microstructure of both metal and soil, because wear in
the soil occurs according to a mechanico-chemical prin-
ciple, whereas the soil does not include solid and rough
granules only, but also many chemical parts help degra-
date metallic materiďs such as acids, remnants of plants and

organic and inorganic fertilizers etc. Such a wear is not

distinguished only with shortage of mass or dimensions of
the metal piece (sample), but with full change of the metal
quďity, characteristics of suďace layers, tension case and

chemicď structure of these layers etc. The suďace layer of
the metal represents a study materiď on which all degrada-

tion stage are focused. We should ďso deepen study of this
kind of wear through the research of eroded layers of the

metal and classification and explanation of wear stages aim-
ing at disclosing its intemď laws.

Accordingly, and on the basis of the above mentioned,

the goal of my present study is: Studying an effect of
mechanical and chemical components of the soil on me-

chanical properties of agricultural machines parts.

MATERIALS AND METHODS

To realize goďs of my present research, I have stud-
ied and searched operations of wear of metallic materials
in the soil conditions in quality and quantity as follows:
1 - Selection and classification of the metallic materi-
als utilized and carrying out the following laboratory
experiments:

- Chemical analysis of the utilized
rials,

- Definition of the microstructure
materials,

metallic mate-

of the utilized

- Measurement of hardness HV.
2 - Selection of the soil kind utilized,
3 - Production of samples,
4 - Canying out wear against the samples aiming at:

- Comparison of resistance of metallic materials
against wear in soil,

- Measurement of micro hardness of the eroded
surfaces.

Utilized materials

To research operations of wear oi the metallic mate-
riďs in the soil conditions, I have selected the following
metallic materials, which vary according to their
physico-mechanical characteristics.
1. CK55
2. X8Cr11
3. X6CrNiMoTi

ó8

The said materials were chemically analyzed by digi-
tal scanning microscope-zeiss. Table 1 shows results of
this analysis.

The microstructures of the said materials were studied
by Neophot Microscope. Figs 1, 2 and 3 show their in-
ternal structure.

Results of the study of chemical analysis and micro-
structure of these materials prove that:

1. Steel CK55 is formed of ferrite and pearlite granules.
This steel is utilized for manufacturing the operational
parts of the equipments and machines which have
direct contact with soil which need immunity against
abrasive wear.

2. Steel X8Cr17 is formed of ferrite and sorbite and
distinguished with high immunity against rust and
utilized for manufacturing machině parts whose func-
tions concentrate in liquids and water.

3. Steel X6CrNiMoTi is formed of austenite granules. It
is characterized with its high immunity against inter-
crystalized rust and it is utilized for manufacturing of
the machine parts operating in concentrated organic
and inorganic acids.
Mechanical hardness of these metals was determined

as well. Table 2 shows these values.

Utilized soil

Samples were eroded in the kaolintic clay soil as

a soil representing main kinds of the soil. However, due
to the difference of the soil physico-mechanic charac-
teristics and for the sake of this research, results to be
nearer to practical conditions, I have mixed the clay soil
with sandy soil in rate of 4 : 1 aiming at increase of
intensity of mechanical effect of the soil against the
metal.
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Table 1. Chemical analysis of used materials

Element (Vo) CK55 X8Cr17 X6CrNiMoTi

C

Mn

si
P

S

Cr

Ni

Mo

Ti

0.55

0.69

0.22

0.01

0.04

0.2r

0. 16

u.t I

0.01i

0.22

0.46

0.34

0.026

0.034

16.10

1.45

0.1 I

0.03

0.04

r.91

0.52

0.028

0.017

17.88

12.6

2.46

0.03

Table 2. Hardness of used materials

Material HV-30

ck55

XSCr17

X6CrNiMoTi

240

265

195



600x

Fig. 1. Microstructure of CK55

Utilizing fertilizers in soil much affect intensity of
functional parts wear of the machines used in soil, there-

fore, I have added chemical fertllizer ammonium sul-
phate (NH4)2SO4 to the soil and thoroughly mixed it. It
increases intensity of chemical effect of the soil against

the metal. Ammonium sulphate solutions react slightly
acidic. In presence of metallic material that give an alkďine

reaction, ammonia will form. Many metals are affected by

ammonium sulphate in combination with moisture.

Production of samples

Necessary samples for the research were produced

from the metallic materials used in measurements 10 x
25 x 80 mm. Six samples of every material were pro-

duced (total: 18 samples).

Conducting wear against samPles

Wear was conducted against samples of used materi-

als through utilizing laboratory apparatus (Fig. 4) which
is consisted of a circle canal as shape of U letter to be

operated through electric engine and gear, which trans-

mit movement from the engine to the canal.

The canal will be filled in with necessary quantity of
soil, to be mixed by simple tooth harrows. The sample

will be well fixed inside the sample holder and the nec-

essary pressure against the sample will be determined

through a pressed spring. One pressure 0.15 MPa was

effected against every sample. Upon wear. the soil mois-

ture was 75Vo, canal speed was 3 km.h ' and experiment
period for every sample was 20 minutes, i.e. every sam-

ple passed a distance of 1000 m upon wear.

I have symbolized the used depending on chemical
structure as follows:

Soil A: moisture W = 1'57o (HzO); soil B: moisture W

= I5Vo (NH4)2SO4

RESULTS

Table 3 shows values of wear for every material by
numbers. Table 4 shows changes taken place in value of
micro-hardness and depth influence for used materials.

DISCUSSION

The value of wear of every metallic material was de-

fined through finding the difference of the sample mass

before and after wear in the soil.

600x

Fig. 2. Microstructure of X8Cr17

600x

Fig. 3. Microstructure of X6CrNiMoTi

samplB
." sarnple haldPr

trňnal

,5Sil

sampla

.,,; sample holdsr

Fig. 4. Laboratory apparatus
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Table 3. Values of wear of used materials in defined conditions

Soil
cK55 X8Cr17 X6CrNiMoTi

AG
(g)

0^G
(s)

AG
(e)

0^G
(e)

AG
(e)

o^G

A

0.4860

0.4763

o.4852

0.4825

0.4456

0.4650

0.4802

0.4636

0.6583

0.6109

0.6952

o.6748

B

0.2865

0.3119

0.2986

0.3010

0.3084

0.2996

0.297'7

0.3019

0.6 i58

o.6487

0.6108

0.6251

Results of measurement of this decrease in the mass
point out that the value of wear of every material varies
according to difference of its physico-mechanical char-
acteristics and microstructure. They also depend on
chemical structure of the soil and pressure affecting the
samples used through the experiments.

Utilization of ammonium sulphate (NHa)2SOa led to
devaluation of wear value for the used materials.
Whereas the wear value in the soil B was less than is
value in soil A, through using this chemical structure,
wear value decreased for CK55 in rate of 3'l .6Vo, for
X8Cr17 34.8Vo and for X6CrNiMoTi7.47o.

Among the above mentioned results, we find out that
existence of ammonium sulphate (NH4)2SO4 in the soil
leads to devaluation of the wear value. This fact inter-
prets formation of secondary layers of the steel (protec-
tive membrane), characterizeďby high mechanic charac-
teristics resisting wear.

Results of measurement of micro-hardness of the sur-
face layers of the metallic materials used after wear in-
dicate that higher value of hardness is reached to over
the surface, while hardness decreased to its fixed value
(basic hardness of the material) at surface layers.

Hardness of the metallic materials used varies in ac-
cordance with kind of materíal and microstructure.

Micro-hardness of the used material surfaces and
depth of the influence are increasing through using am-
moníum sulphate (NH4)2SO4. Reaction operations
among ammonium sulphate (NH4)2SO4 added to the soil
with the metallic surfaces caused formation of secondary
layers with a high hardness.

The highest increase of micro hardness value was ob-
tained with austenitic steel X6CrNiMoTi, due to its high
strength and its ability of plastic deformation, followed
by CK55-fenite+pearlite steel and X8CR17 ferrite+sor-
bite steel. Results indicate that the highest depth ofeffect
was for steel X6CrNiMoTi, followed by CK55 and
x8cR17.

The above mentioned tables and shapes indicate to
large effects of ammonium sulphate (NH4)2SO4 against
mechanical characteristics of the metallic suďaces. on
this ground, it is considered as passivator.

Results of this study indicate that immunity of the
materials against wear in soil conditions depends on sev-
erď factors among which hardness of materials, whereas
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whenever the material hardness increases, its immunity
will increase. This hardness depends, of course, on mi-
crostructure of the material and every part of this struc-
ture defines range of its immunity. Ferrite+pearlite steel
is characterized with a low immunity compared with fer-
rite+sorbite steel, because the ferrite as a part of micro-
structure is distinguished with strength and ferrite wear
and isolation from the surface is simply carried out, par-
ticularly when the strength (pressure) affecting thereof is
high.

As for ferrite+sorbite steel, it contains a high rate of
chrome where it increases its hardness and immunity
against rust, however, its hardness is near from hardness
of ferrite+pearlite steel and accordingly, its immunity.
Therefore it is not economically preferable to be used in
the soil. This means that the mixing the metals with other
parts, such as chrome, does not guarantee in much cases
increase of the metal immunity. Austenite steel has im-
munity lower than other metals used, but its ability for
hardening and attaining hard surface layers was very
high compared with the other metals, due to its high
strength and low hardness and ability of plastic deforma-
tion.

CONCLUSION

The paper presents results of experimental investiga-
tions of mechano-chemical form of abrasive wear of ag-
ricultural machines parts.The ideal structure of steel
should secure the highest immunity against wear in the
soil, should be formed of semi-stable austenite, of such
and inhomogeneous structure represents a strong rela-
tively part able to absorb the biggest possible quantity of
energy and accordingly joining solid granules tightly.
Phenomenon of non-activity or passivity taken place
upon wear of the metallic materials in the soil, may be
used in other fields, such as addition of passivator to
lubricating oils etc.
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t Table 4. Values of micro hardness and depth influence of worn materials after wear in defined conditions
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Depth Material

h (um)

CK55 X8CR17 X6CrNiMoTi
HVM HVM HVM

soil A soil B soil A soil B soil A soil B

0

1

2

-)

4

5

6
'7

8

9

10

11

I2
13

I4
15

16

r'7

18

19

20

2I
22

23

24

25

26

2'7

28

29

30

31

JI

33

34

35

Jt)

37

38

39

40

4L

42

43

44

45

46

4',7

48

49

50

51

52

53

54

55

56

5',7

58

298
295
285

282
2'75

268
260
258
256

25r
248
246

246

245
245

242

238
232

225

222

218
21.1

214
2r4
215
214
214
214
213
213
214

323
320
31.5

312
304
298
295

295

293

290
288

286
285
280

211

268
262

259
251

252

248
240
13 I

z)a
225

219

218
2r6
2r4
213
2t4
214
214
214
215
2r3
2r4

288

286
280
27r
262

258
245
240
242

235

233
232

155

2)1

234

234

233

233

233

296
296

292

285

218
265
259

255

251

25r
250
246

242

240
240
l-1 I

235
z3+

233
233

233

234

233

z3J
1a -)

335

332

328
322

318

311

310

308

304
292

289

282
215

2'to

265

262

260
258
25'1

256
254
255
251

248
245
243

24r
238
238
235

23r
230
228
226

222

218
215
212

213

2r0
20'7

202

r99
193

r92
186

187

183

182
182

r82
183

182
183

r82
182

183

360

356
350

346

335

328
315

312
309

30'7

305

296

290
281

282
280
21'7

276

2'73

213

2'7 r

266

265

260
258
253
245

242

240
240
236

234

234

233

tJz
229
tfo

227

221

220

219

212

20'7

202
z0r
202
r92
191

190

187

185

184

182
182
182

183

182

183

181



HAMMAD, Moh'd M. S. (Jerash Private university' Faculty of Agriculture & science' Jerash' Jordan):

Vlivmechanickýchachemickýchsložekpůdynarezistencifunkčníchsoučástekzemědělskýchstrojů.
Scientia Agric. Bohem., 34,2003: 6'7-:72'

Procesyopotřebeníkovovýchmateriálůsoučástekzemědělskýchstrojůpřiintenzivnímabrasivnímopotřebení,
zejménanásledkem "rr".ni.te't'o 

potenciálu zivotního prostředí, žpůsouuji trvalou deformaci a posuny v materiálu

'"T|1T11#;JJň"J;,I'ř';:]J * 
"uuyuuty 

vlivem mechanických a chemických faktoru životního prostředí'

způsobujících opotr.u"r'i iíay, nu mecnánicře vlastnosti opotřebených povrchů součástek zemědělských strojů

a kvantifikací intenzity narůr* mikrotvrdosti, hloubky a velikosti tvrdnutí povrchové vrstvy'

Výsledky pokusu prováděného s ocelí CK55, X8ór17 a X6CrNiMoTi potvrdily' Že tvrdnutí se projevuje jinak

na každém zkoumaném materiálu v závislosti na'fyzikálně-chemických vlastnostech daného materiálu'

Výsledky chemické ata|ýzy použitých materiáiů a výsledky měření makro_ a mikrotvrdosti jsou uvedeny v ta-

bulkách.Intenzitaopotřebení,mikrotvrdostopotřebenéhopovrchuvzorkuahloubkatvrdnutízávisínejennapůso-
bícímzatíŽeHí,aleinacharakteruachemickémsloženípůdyvystavenéopotřebenízpůsobenémuŽivotním
prostředím. Materiály struktur ferit+perlit a austenit tvrdnou následkem plastických deformací'

abr azty níopotřebení; půda; mechanické faktory ; chemické faktory ; pasivita
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