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[IpoBeneH aHanM3 pa3IMYHBIX MaTEPHUAOB, HCIONb3YyEMBIX Jisi BBICOKOIPOYHBIX H3HOCOCTOMKHUX MOKPBITHI
PEeXYLINX JIe3BUH MOYBOOOpabdaThIBatomuX pabdounx opraHoB. [Ipu BeIOOpe crmocoba ynpo4yHeHus neTayieil HeoOXOAUMO
NPUHUMAaTh BO BHUMaHHE MAaKCHMAJIbHO BO3MOXKHYIO TOJIIIMHY YIPOUYHEHHOTO CJIOS, MPOIUIABICHUE U aJre3UI0 TBEPAOTO
CIUIaBa B OCHOBHOM MeTajjl, NPOU3BOAUTEIBHOCTh U KPUTEPHIl «lEeHa-KauecTBO». [lo KpuTepuro «iieHa-KauecTBO»
HauIydllIue CBOMCTBA M3 MPOU3BOIUMBIX OT€UECTBEHHOW METAITypruidecKoil MpOMBIIIIEHHOCThI0 uMeeT cTaib 30XTCA.
VYhpounsomue Marepualibl B BHUAE TBEPAOCIIABHBIX MOPOLIKOB, 3JEKTPOJOB, NMPOBOJOKH POCCUHUCKOTO MPOHU3BOICTBA
B OCHOBHOM COOTBETCTBYIOT IO TBEPAOCTH U HU3HOCOCTOMKOCTU 3apyOC)KHBIM aHAJOTaM, HO IO MPOYHOCTH CIICTIICHUS
C OCHOBHBIM METAJIJIOM, aJTre3HMOHHBIM CBOMCTBAM, OTCIIOCHHIO W BBIKPANIUBAHUIO ()PArMEHTOB YIIPOUHSIONIETO CIIOS
IPY yAapHBIX Harpy3kax 3a4acTylo ycrymaioT B 1,5...2,5 pasza. Pa3paborana KOHCTpYKIHMsI HOBOTO JEeMeXa, COCTOsIIas
U3 OCTOBAa M HAKJIAJHOTO BBIABMKHOIO A0NOTa. MaTepuan ocToBa jiemMexa U jgonoTta — ctanb 30XI'CA, ynpouHstonuii
Matepuan — TBeprocmiaaBHbiii nopomok d®bX-6-2 + 35%WC, meton ynpouHeHus] — IUIa3MEHHas HaIUlaBKa TOJIIUHON
ot 0,5 no 4,5 mMm. Pe3ynbTaThl MOJIEBBIX UCHBITAHUHN MOKa3ald MPEUMYIECTBO OMBITHBIX JIEMEXOB C HAKIAJAHBIM JOJIOTOM
o pecypcy B 2,5...4 pasa, o npoyHOCTH — B 3...5 pas.
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The authors have carried out an analysis of various materials used for obtaining high-strength wear-resistant
coatings of the cutting edges of ploughshares. When choosing the method of hardening of agricultural working elements,
it is necessary to take into account the maximum possible thickness of the hardened layer, the penetration and adhesion
of the hard alloy to the base metal, process performance and the “price-quality” criterion. Steel grade 30XT'CA has shown
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the best “price-quality” properties as compared with those produced by the domestic metallurgical enterprises. Domestic
reinforcing materials in the form of powders, electrodes, wires generally correspond in hardness and wear resistance to
foreign analogues, however, it is necessary to take into account that in the strength of their adhesion to the base metal,
adhesive properties, chipping and delamination of fragments of the reinforcing layer under shock loads they are 1.5 ...
2.5 times lower in performance. The paper describes the design of the new ploughshare consisting of a blade and a face-
mounted chisel. The material for the ploughshare is 30XI"CA steel grade. The reinforcing material is ®bX-6-2 with 35%
WC, the hardening method is plasma surfacing with a thickness of 0.5...4.5 mm. The results of field tests have shown
the advantage of experimental ploughshares with a chisel overlap in resource by 2.5...4 times, in strength by 3...5 times

compared with conventional ploughshares.
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Introduction. The development of the working tools
of tillage machines with a high service life is one of the most
important tasks of domestic machine-building industry.
The use of new materials, in particular, the obtaining of high-
strength wear-resistant coatings in combination with the op-
timal hardening materials, largely determines the technical
level of the new technology.

The development of import-substituting hard alloys
and coatings from them will improve the operational and re-
source characteristics of the most loaded parts of agricultural
machinery to the highly competitive level with leading foreign
manufacturers, and by the “price — quality” criterion — even
exceed this level [1].

Material and methods. Traditional materials used
in the domestic tillage machine-building industry are steels
ma 45, 65" and JI53 grades. The analysis of the materials
used to produce the working tool parts of tillage machines

by famous foreign companies shows that the values of their
tensile strengths are equal to 2800...3200 MPa, yield tensile
strengh of 1500...2000 MPa, and hardness — 47...55 HRC

These materials for working tools have characteristics that
are 1.5...1.7 times lower (1800...2500 MPa, 1100...1500 MPa,
38...42 HRC, respectively) as compared with their foreign coun-
terparts. Therefore, wear resistance parameters of the materials
and the durability of the working tools of domestic agricultural
machinery are inferior to the best foreign analogues, which is
due to both the materials used and with their design features [2].

Studies of various steels produced by the Russian metal-
lurgical industry have shown that Prometey 1200 and Prom-
etey 1500 possess the best characteristics as compared to for-
eign analogues, and according to the “price-quality” criterion,
30 XT'CA steel grade is the best for manufacturing heavily
loaded working tools of agricultural machines, in particular,
ploughshares (Table 1) [3].

Table 1
The study results of plowshare steel grades
Tabruya 1
Pe3ysbTaThl HCCIEI0BAHMSA JIEMEIIHBIX CTaJjleil
Steel name Hardness after quenching, HRC Tensile strength, o,, MPa Wear resistance ratio
30XT'CA 44...48 1460...1620 1.05...1.07
Steel 45 42 700...750 1.00
Prometey 1200 51...54 1410...1480 1.21...1.25
65Y 45 1000...1250 1.07...1.09
Prometey 1500 53...56 1720...1780 2.62
JI53 41 800...1100 0.98...1.02
40X 43 900...1250 1.09...1.11
“Lemken*” 52...54 1850...2060 1.68...1,74
“Kverneland*” 52 1800...2040 1.61...1.71
“Kuhn*” 49 1450...1820 1.29...1.43

* foreign manufacturers of tillage machines [4, 5, 6]
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The following factors were taken into account when
choosing a method of hardening ploughshare surfaces:
the maximum possible thickness of the hardened layer; melt-
ing of solid alloy in the base metal; adhesion with the base
metal; surfacing process performance; and the “price-quali-
ty” criterion.

The choice of surfacing materials was based on the using
materials commercially produced by Russian industrial enter-
prises; minimizing the price of working tools; good sintering
of surfacing material with the main metal satisfying the needs
of agricultural machinery manufacturers.

The hardening materials produced in Russian enterprises
in the form of powders, electrodes, and wire generally cor-
respond in hardness and wear resistance to the best foreign
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analogues, but their properties of adhesion to the base
metal, detachment and chipping of fragments of the hard-
ening layer under impact loads often turn out to be lower
in 1.5...2.5 times.

Table 2 presents the research results of the most common
grades of hard alloys used in Russia to harden tillage parts
operating in abrasive soils.

The data from Table 2 shows that [II'-C-27 and ®bX-6-2
alloys have better characteristics for hardening parts working
in the most abrasive soil. The authors have chosen the D5X-6-2
alloy, which satisfies the requirements for wear resistance
and adhesive properties. Prices for this alloy in the domestic
market are also acceptable for agricultural machinery manu-
facturing.

Table 2
Study results of hard alloys
Tabnuya 2
Pe3ynbTarhl Hcci1e10BaHUs TBEPABIX CIJIABOB
Chemical elements content, %
Hardness,
Hard alloy HRC
Fe C Si Cr Ni Mn Mo B
Ir-c -27 3.3...35 1...2 25...28 1.5...2 0.8...1.5 |0.08...0.15 - 49...53
Ir-yc-25 44...54 1.6...2.6 35...41 1...1.8 2.2...2.5 - - 52...55
TII'-YC4-30 33...45 2..4.7 46...50 2..4.7 2...4.7 1...2 - 56...58
base
DObX-6-2 3.5...55 1...2.5 32...37 - 2.5...55 - 1.3...2.2 52...55
TIC-14-60 4...5.7 2...3 35.7 0.7...1.8 | 0.7...0.8 - 0.1...0.3 47...49
DdBEX-6-2 +35% WC 3.5...55 1.2...2.5 32...37 - 2.5...5.5 - 1.3...2.2 53...59

Currently, the most common methods of applying harden-
ing materials include surfacing with electrodes or wire, plasma
spraying, gas-flame powder deposition, induction and a num-
ber of others related to electrochemical, laser, electromechani-
cal and similar types of hardening.

The most versatile and high-performance method
of hardening parts is plasma surfacing, which provides
coatings with a thickness of 0.5...4.5 mm or more, al-
lowing to harden a wide range of parts of various shapes
and configurations.

Field tests of conventional ploughshares made of JIS3
and 30XI'CA steel grades featuring plasma blade surfacing
with the ®bX-6-2 alloy have shown the advantage in ser-
vice life in 1.4...1.7 times of the ®bX-6-2 alloy on different
soils [3].

For domestic ploughs of the ITJIH type, new composite
ploughshare with face-mounted chisel have been designed
and manufactured. The share is an oblique trapezoid with
an angle between the back and the blade, with the distance

from the back to the blade decreasing linearly from the field
to the furrow trim (Fig. 1).

Fig. 1. Experimental composite ploughshare:
a) plowshare with chisel; b) ploughshare assembly

Puc. 1. DxcnepuMeHTA/ILHBIN JeMex:
a) OCTOB JIeMeXa U J0JIOTO; 0) COCTaBHOM JieMeX B cOope
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As a result of the carried out laboratory tests, a general-
ized empirical relationship has been proposed for calculating
the thickness of a ploughshare

A+co

B= £ R mm, (1)
HOp

X max?

where ¢, — is the ultimate strength of steel, MPa; R, .. —
maximum traction resistance acting under normal conditions
on the working tool (a plough body, a cultivator paw, or

a harrow disc), N; 4, mm-MPa/N; ¢, mm/N u u — empirical
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coefficients (Tab. 3). There are four holes for the chisel in the
share, which has two mounting holes. When the chisel blade
is worn out during operation, it can be mounted on the lower
holes, which allows increasing the ploughshare service life.

The most important parameter determining the strength
and performance characteristics of the working tool blades
of tillage machines is the thickness of these parts. A method
has been developed to select the ploughshare thickness taking
into account the loads acting on the part, and the mechanical
properties of the material [7].

Table 3

Empirical coefficients for the relationship (1), which determines the blade material thickness of tillage working tools

Tabnuya 3

IMnupuyeckne Ko3(ppuuueHTHI 17151 3aBHCHMOCTH, ONIPee/IAIoNIeil TOJUIMHY MaTepuaJa Jie3BHii paoynx opraHoB
MOYB0O0OPAGATHIBAIOIIMX MAIIIMH

Type of working body A, mm-MPa/N ¢, mm/N n

One-piece ploughshare 2.5 0.002 6

Ploughshare with face-mounted chisel: 25 0.002 7
plowshare 25 0.002 45
Plough moldboard (chest and wing) 2.5 0.002 10

Cultivator paw 2.5 0.002 1
Spherical disc of a heavy harrow 2.5 0.002 1.3

Spherical disc of a stubble harrow 2.5 0.004 1

The average thickness B of the cutting blade can be calcu-
lated using the simplified formula

B >(0,01...0,013) p, ©)

where p, MPa — specific contact pressure acting on the most
loaded cutting part.

The angle i of the blade sharpening and its thickness b, can
be calculated taking into account the material strength o,
MPa, using the formulas

i:—looo(zo...zso), o, p, =100
O-B O-B

(0,26..0,29), mm. (3)

The method of selecting the blade width (its cutting part)
taking into account the wear margin is based on the depen-
dencies of the linear wear values obtained in operational
tests.

Thus, the blade width with a linear wear margin, taking
into account certain operating time in specific soil conditions,
can be calculated using the relationship

H=H,

0 min

where H — blade width, mm; H, ;. — minimum blade width
based on agrotechnical conditions [8], mm; U, — calculated
linear wear, with the planned operating time, mm.

The results of the laboratory and field studies have
shown that, basing on the technological conditions
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and the requirements for obtaining maximum wear resistance,
the thickness of the deposited blade layer can be p calculated
using the formula

p >(0.18...0.25) B, mm, )

where B — the base material thickness of a tillage working
tool, mm.

The thickness of the hardened layer should be specified
according the agrotechical requirements for the tillage work-
ing tool [8].

When designing the configuration of a new ploughshare,
the following provisions should be taken into account. The new
ploughshare must comply with the conventional counterpart
in the size of fastening holes for its mounting on the plough
rack shoe, as well as in the operating width and the geo-
metrical parameters of conventional moldboards. The design
of the proposed ploughshares should provide the necessary
deepening ability of a plough, but should not exceed the trac-
tion resistance of conventional ploughshares.

The optimum geometry of the blade part of a ploughshare
is achieved with a curved surface of the front side of a frame,
which runs in the direction from the first mounting hole
to the furrow cut. The operating angle of the ploughshare
to the furrow bottom (the cutting angle) in a section perpen-
dicular to the back and passing through the first mounting hole
should equal 43°, and in a section perpendicular to the back
and located at the point of intersection of the furrow trim




and back — 23°. Thus, the chisel blade inclination in the toe
area should amount to 43°, and 23° at the heel, which con-
tributes to the optimal operating depth of the ploughshare.
This provides for reduced traction on the ploughshare frame.
For comparison, the conventional I1702 ploughshare has
a constant cutting angle along its entire length, which is equal
to 36...39°.

Results and discussion. Field operational and service life
tests were performed in the periods of autumn arable works
in 2015-2017. The soil type was heavy loamy (Tula region,
Shchekino district), medium and light loamy, sometimes
turning into sandy (Moscow region, Sergiev Posad district),
and medium loamy with stony inclusions (Vladimir region,
Pokrov district). The test results of chisel ploughshares are
presented in Fig. 2 and in Tab. 4.

The test results have shown a significant superiority of ex-
perimental ploughshares with a face-mounted chisel as com-
pared with the conventional ones both in terms of their service
life (2.5...4 times) and in performance. Operational tests have
shown that the experimental ploughshares exceed the conven-
tional ones in the strength parameter in 3...5 times or more.

As the operating area increased, the plough stability with
experimental ploughshares practically did not change with
the depth, whereas, the conventional counterparts began to lose
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depth after operating an area of 3...5 hectares, and from time
to time it was necessary to restore it by adjusting the support
wheel — even at a critical state when the plough deepening
process became irreversible (the ploughshares completely lost
their performance).

Fig. 2. Type of worn-out shares at the end of tests:
a) experimental composite ploughshare;
b) conventional I1702 ploughshare

Puc. 2. Bua n3HOIIEeHHBIX JIEMEX0B
10 OKOHYAHMM UCIBLITAHMIL:

a) OTBITHBIN COCTaBHOII lemex; 0) cepuiiHbIi temex 11702

Table 4
Results of ploughshare field tests
Tabnuya 4
Pe3yJbTaThl M0JIeBbIX HCTILITAHUI JIeMEX0B
Soil type: Ploughshares option
. I —heavy loam, .
Indicators 11 — light loam with Soil hardness, MPa composite ploughshare onal D702
stony inclusions with a chisel conventiona

Average operating time of a 1 2.8...4.6 59...76 14...28
plowshare, ha 11 24..4.1 8.9...11.6 24..3.6

Lo - I 2.8...4.6 92 61

0,

Rejection for wear limit, % I 24 41 38 5

L I 2.8...4.6 8 39

0,

Rejection by breakdown, % I 244 ) 95
Average operating time to the 1 2.8...4.6 46...69 -
maximum wear of the chisel, ha II 2.4...4.1 8.2...10.6 -
Average operating time to the I 2.8...4.6 54...69 -
maximum wear of the base, ha 11 24...4.1 8.9...11.6 -

It is important to note that the difference in the values
of wear parameters occurs with an increase in the abrasive
capacity of the soil, in particular, with an increase in the soil
hardness and the presence of stony inclusions.

Conclusion

The new design of the developed composite plough-
share includes a base and a face-mounted retractable chisel
from the 30XT'CA steel grade with reinforcing material based
on ®BX-6-2 powder with 35% WC applied by plasma surfacing.
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The field test results have shown the advantage of experi-
mental chisels ploughshares by their service lifein2.5...4 times
and reduced breakdown occurrence in 3...5 times as com-
pared to the 1702 standard ploughshares.
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