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ENSURING RELIABILITY AND
RESOURCE CONSERVATION
COULTERS DISCS OF GRAIN
SEEDERS

A study was conducted aimed at studying the problems of
the reliability of coulter discs and proposing ways, methods of
restoring and optimizing the design of coulters of grain seed drills
to maximize their reliability and durability.

Grain planters in agriculture play a key role in the process
of growing crops. However, one of the most important
components of these units are coulter discs, which are often
exposed to aggressive conditions and heavy physical loads.
Ensuring the reliability of coulter discs of grain seeders is a key
aspect in agricultural production, since the efficiency of the
technological process of sowing directly affects the yield and
quality of agricultural crops.

A thorough analysis of the geometry and materials of the
disks was carried out to identify weak points and potential
sources of activation, as well as to determine the main factors
that lead to their wear and destruction.

The values and distribution of the residual stresses in the
material of the new disk and the restored one by welding three
segments made of steel with surmite surfacing and vibration
hardening were determined.

The values of the degree of strengthening of the material
of the cutting edge of restored coulter discs were found. Optimal
modes of vibration strengthening are established: frequencies
and amplitudes of oscillations of the processing tool, time.

The research makes it possible to develop an optimized
design of opener discs, which will ensure their high reliability and
service life during various operating conditions.

The results of the research will be used to improve the
technical characteristics and production technologies of coulter
discs, which will help to increase productivity, reduce the costs of
repairing seed drills and ensure efficient sowing.

Keywords: seeder, sowing, coulter, seed, disk, sowing
device, restoration, reliability, productivity, quality.

significant aging, with up to 40% having served

agriculture has posed one of the most important
problems of increasing the durability of agricultural
machinery, the level of technological maintenance,
storage and repair, in which the main costs are
spare parts. There are great reserves in increasing
the resource of repaired machines, significantly
reducing spare parts and saving public labor in the
development and creation of new and cost-
effective ways of restoring parts [1].

The current state of technical support of
the agricultural sector of Ukraine is characterized
by a decrease (16...20%) compared to previous
years in the amount of equipment and its
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their depreciation period [2].

Steel discs of coulters of grain planters are
among the parts that need restoration of their
dimensions and increase in efficiency.

At present, almost 85% of grain crops in
Ukraine fall on the family of seed drills of the SZ
type, equipped mainly with disc coulters. The short
term of the technologically permissible operation of
the discs is caused by the wear of the working
surface to a diameter of 320 mm after sowing on
an area of about 1300 hectares, which makes it
necessary to manufacture them for spare parts in
large quantities [3-4].
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In this regard, the problem of increasing
the durability of worn coulter discs is relevant
today.

Analysis of recent research and
publications. Modern seed drills use coulter discs
for precise sowing and uniform seed dispersal.
However, operational conditions, such as uneven
ground, moisture and large volumes of work, often
lead to breakdowns and reduced productivity due
to disc wear [4-6].

As a result of abrasive wear of the cutting
elements of tillage machines, their restoration is
necessary. Existing methods of restoration are
aimed at reducing the rate of wear by using wear-
resistant materials and effective manufacturing
and restoration technologies. Chemical and
thermal treatment, plastic deformation [6-10] can
be attributed to the materials for increasing the
durability of the specified parts.

Methods of surfacing are used: the
method of recovery with a wear-resistant tape, the
method of strengthening by friction [6,7,10].

These methods are highly complex,
require special expensive equipment, and
therefore have not yet been widely used in repair
production.

In mechanical engineering, the diamond
smoothing method is wused for surface
strengthening of manufactured parts [6, 10]. In
England, the USA, and Japan, the method of
applying polymer materials to the surface of parts
of agricultural machinery has become somewhat
widespread [10-13].

There is a complex method of restoring
the opener disk by welding sectors to it with a
tungsten electrode in an argon environment with a
controlled arc, as well as restoring the disk in
diameter by the method of welding in a pass with
subsequent strengthening with powders based on
sormite, which is difficult, time-consuming and
does not provide a full guarantee of the possibility
of fatigue failure during operation of coulter disks
[13].

The purpose of the work is the
development and improvement of technical
solutions to increase the reliability and increase
the resource of coulter discs of grain seeders, to
increase productivity and reduce costs for
restoration using vibration strengthening of
working bodies.

Materials and methods. The main goal of
the modern technical and repair service is the
timely provision of agricultural machinery and
material resources, maintenance of the machine
park in working order and its effective use.

The operation of agricultural machinery is
accompanied by the processes of both physical
activation of individual machine components and
moral aging, the consequence of which is the
deterioration of technical and economic indicators
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of its use. In order to maintain the machine and

tractor park in working condition, effective
management of the process of periodic
maintenance.

The situation with technical support

requires new approaches to the formation and
implementation of technical policy in agriculture,
the main directions of which are the preservation,
restoration, repair and maintenance of existing
machines in working condition and their effective
use [6, 10-13].

When growing agricultural crops, which is
one of the leading branches in the general
structure of agriculture, the responsible operation
that determines the yield is sowing [11]. Both the
time of plant emergence and the activity of their
growth depend on the quality of its
implementation. Annually, about 30 mill. ha of
agricultural land. The execution of these works is
carried out by the corresponding park of various
domestic and foreign planters, which is more than
110 thousand.

Among the large number of domestic
agricultural machinery, machines equipped with
disk working bodies, both spherical and flat, are
quite common. Such machines include grain and
grain-grass planters, which, depending on the
purpose and conditions of use, are equipped with
coulters (anchor, keel-shaped, slide-shaped,
tubular, paw-shaped) and disc type (two-disc one-
and two-row, two-disc single-row with flanges,
single disk). The latter are more and more widely
used during the sowing of agricultural crops [10,
11]. Despite the fact that there are more modern
models of agricultural machinery, in the total mass,
the majority of grain crops fall on the family of
planters of the SZ type, equipped mainly with disc
coulters.

The main prerequisites for the prospects
of using vibration oscillations in technological
processes are: intensification of existing
technological processes; the possibility of
developing new methods of processing materials;
reduction of energy consumption. Vibration
oscillations made it possible to create new
processing methods and technological processes
that contribute to the development of resource-
saving technologies characterized by higher
intensity.

The wear resistance of the surface of parts
processed by the vibration method depends on the
depth of the strengthened layer, but there are no
specific recommendations for its determination in
the literature [11-13].

Results. One of the promising methods
that make it possible to restore the worn part of the
disk to the nominal outer diameter is the method of
winding a metal tape made of 65G steel in a cold
state [11]. For this, you can use a specialized
device with nozzles of different types and shapes.
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The main difficulties during the
implementation of the repair methods analyzed
above are the need to ensure the uniform strength
of the welded joint and the resistance of the
repaired disc to abrasive wear and sign-changing
fatigue failure. Such problems are primarily caused
by physical and chemical processes that take
place in the welding zone and are accompanied by
a change in the structure and properties of 65G
steel. As a result, a significant level of residual
stress arises, which significantly affects the
durability of the disc. Thus, residual tensile
stresses reduce the wear resistance of the part
when operating in abrasive and corrosive
environments, while  compressive  stresses
increase it. To reduce the stress level, as well as
to increase the resistance of disks to fatigue
failure, in the existing methods of disk repair [10-
13] preheating and final heat treatment operations
are used. These are the main disadvantages of
these processes, since heating and heat treatment
costs make up about 20% of the total cost of
existing repair methods. Taking into account the
conditions of operation and wear of discs, as well
as the main shortcomings of the existing methods
of their repair, in order to develop a new
economically feasible technical process for
restoring the working surface according to the
outer diameter, it is necessary to solve three main
problems: first, the geometric parameters of the
welded joint during welding of the repair model the
rings so that the connection surface is placed
outside and does not interfere with the movement
of the seeds (Fig. 1.6); secondly, in the working
area of the disk, create conditions for the
relaxation of tensile stresses and the occurrence
of compressive stresses, which will ensure the
necessary fatigue strength and resistance of the
disk against wear and at the same time avoid
heating and heat treatment operations; thirdly, to
develop such a chemical composition of the core
of the powder welding wire that ensures the
formation of a joint surface with a structure
resistant to wear in an abrasive environment
without the use of energy-intensive strengthening
processes (spraying, surfacing, etc.).

For welding 65G steel, in the case of
repairing the coulter disk of a seed drill with
restoration of their outer diameter, the most
appropriate is the use of flux-cored wire, which can
be used to reliably obtain the required chemical
composition of the weld [13].

The mathematical model of the method of
determining the amount and nature of the
distribution of residual stresses in a welded joint
with a circular seam, taking into account the
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boundary conditions, is based on the use of
equations of the mechanics of deformable bodies
with intrinsic stresses, as well as information
obtained using one of the experimental methods,
in particular, the method of magnetoelastic
tensometry. Assuming that the stress state in the
circular weld of the recoverable disk is flat, we first
accept the condition of axial symmetry, and the
main directions in the case of forming a circular
seam will be radial and circular. Accordingly, the
stress tensor will have two non-zero components
or and ocee, and strain tensor - two independent
components &r and €ee. Then, writing down the
equilibrium condition [11-13]:

d
dr(rG ) 1)

and taking into account geometric ratios:

Cpp =

du U
Ep = =
dr’ r
d
Er = (rgee) @)

dr

r - coordinate in the radial direction; U =
u(r) - radial movement, according to the method of
conditional plastic deformations [13]:

/UO-BQ ) + grr !
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€% , €%e - conditional plastic deformations; p -
Poisson's ratio; € - Young's modulus.

The definition of residual stresses is
adapted for the case of a disc repaired by welding
with a central technological hole of radius Ro and a
limited radius R.

The general appearance, assembly
geometry and dimensions of the restored disk of
the seed drill are shown in (Fig. 1). Given that the
repaired disc has a process hole, the overall stress
state may vary somewhat. Therefore, it is
necessary to take into account this factor during
the calculation, and then the solution of the
problem for a circular plate with a radius of R
(radius of the repaired disk R=350 mm) with a
technological hole with a radius of Ro (Ro=16 mm)
assuming the following conditions: r = 0, U = 0,
can be represented as:

ag"(a) dé+C, r+C— (4
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C1i Cz - constant integration.

The constants of integration are
determined from the following boundary
conditions: at the outer edge of the disk at r = R,
the radial stresses or = 0O; radial stresses on the
inner contour at r = Ro the radial stresses or = 0.

Accordingly, by substituting the boundary
conditions into the expressions for determining the
residual stresses, we obtain the following system
of equations:

f 899(&) Srr(&) =
| e d-C- RZ_O’r:RO
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8 (6)
co,+C—-——=0, r=R

The components of the field of plastic
deformations can be represented for a class of
steels that are not prone to hardening in the form
of a special function. It is determined
experimentally for each type of welding [13].
Expressions for calculating residual welding
stresses, depending on the areas of the repaired
disc, are represented by the following ratios:

area Ry <r<:

1% B
27 [ e @) +eq (@)ede-C-—5 =0, . o é
n —_ﬁ -
_Rr 5 0=l k)rj : d§+C
0 1
J’gee (‘ta) 8rr (E:) dE_, and E ( ) é (7)
6 ()= -2 (- k) [ S d§+C+
1 00 9 ¢
o, == j (800 () + €7, (£))EdE, “
R I area I, ST <T,
we will obtain a system of equations for
determining integration constants:
Ee; 1+ K | I%
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1+ K | A I% ©
Gge(r) = (1 k)_[q) dg + ( ) C+ I’_2 ,
area I, <Ir <R
Ee, | 1+Kk B
0 ()= -~ [plekg + C-
r l
A 9)
Eg 1+K ¢ B
0w () =" T ole)g + Cr 3

64



Ne 3 (110) Bibpauii 8 mexHiui

Fig. 1. Geometric dimensions of the
disk 1 - basic part, 2 - sector of the repair ring, 3 -
circular weld ro - axis of the weld, r1, r2 - limits of
the zone of plastic deformations, R, Ro - outer and
inner radii of the disk, respectively.

Restoring the outer diameter of the disks
involves welding to the base part four sectors,
made from non-repairable disks, with a circular
seam, followed by the execution of straight lines to
connect the sectors to each other (Fig. 2).

ry

Sector

The main
detail

Fig. 2. Distribution of the residual
stress state in the repaired disk.

Thus, the technological conditions for disc
restoration are such that the residual stresses
caused by welding will be cyclically symmetrical
with the period T = 211/3.

To accurately determine the components
of the stress tensor orr and cee We build a solution
to the problem and use the data in sections where
the stresses are maximum (Fig. 2). Thus, in the
cross-sections of the welded joint, the residual
stresses calculated on the basis of the solution
slightly exceed the actual stresses, which, when
calculating the durability of the disc, increases its
margin of strength.

Therefore, the developed mathematical
apparatus and the available data make it possible
to take into account the real state of operation of
the part (change in the stress field due to man-
made or natural influences) and to obtain the value
of stresses at any point of the welded joint with a
circular seam of a thin-sheet disk part made of
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high-carbon or alloy constant and limited by the
radius.

Conclusions. The level of permissible
stresses and the microstructure of the working
area, which ensure the necessary resistance of
the repaired disc to abrasive wear, have been
determined.

A mathematical model has been
developed that adapts the calculation method of
determining the residual stresses for a circular
joint when welding a disk part made of 65G steel,
taking into account the boundary conditions and
structural transformations in the zone of thermo-
deformation influence.

Taking into account the features of the
non-destructive method of determining the
characteristics of the stress state and the means
of measurement, a functional is proposed, the
minimization of which makes it possible to
determine the parameters of the field of plastic
deformations and calculate the residual stresses at
an arbitrary point of the circular welded joint of the
repaired coulter disc of a grain seeder.

Ensuring the reliability of coulter discs is
an important task for maintaining the efficiency of
grain planters to increase the duration of their
service and the efficiency of crop cultivation.
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3ABE3MNEYEHHA HAQINHOCTI AUCKIB
COLUHUKIB 3EPHOBUX CIBAJOK

lNposedeHo OocriidKeHHsT sike CrpsMO8aHO
Ha 8UB4YeHHs1 rpobriem HaditiIHocmi OUCKI8 COUIHUKI8 i
3arporioHy8aHHs wirisixie, criocobie 8i0HO8IEHHST ma
onmumi3auyito  KOHCMPYKUil  COWHUKI8 — 3epHO8UX
cigasiok 0ns  Makcumizauii iIx HalilHocmi ma
008208i4HOCMI.

3epHosi ciearnku 8 CirbCoKOMY
2ocrodapcmesi gidigparomp K408y posib y NMpoueci
supowyeaHHsi  epoxaro. OOHak, OOHiet0 3
Haleaxrnusiuux ckradosux yux agpezamig € OUCKU
COWHUKIg, sKi 4yacmo  niddarombcs  ernusy
aspecusHux ymMo8 ma  eefluKux  (bisUYHUX
HasaHmMaxkeHb. 3abesnevyeHHs HaditiHocmi Ouckig
COWHUKI8 3epHO8UX Ci8arloK € KIT0HO8UM acreKimom
8 agpapHomy 8uUpobHuumei, OCKInbKU
ehekmueHicmb  mexHOoMoeiHHo20 rpuyecy cigbu
HanpsiMy ernnueae Ha epoxalHicmb ma siKicmb
CirlbCbK020CM00apChbKUX Kybmyp.
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lposedeHruti pemernbHUL aHani3 eeomMempii
ma wmamepianie Ouckie Ornsi eusierieHHs1 criabkux
Micub ma nomeHUuiliHux OXepesn crpaureaHb a

makoxX BU3HA4YeHHsI OCHOBHUX ¢bakmopis, sKi
rpu3800simb OO IX 3HOWEHHS | PYUHY8aHHS.
Bu3sHaueHi 3Ha4yeHHs1 i po3rodin

3anuwKo8UX HarnpyXeHb 8 Mamepiasni Hooeo OucKa
i 8i0HOB/IEHO20 MPUBAPHOBAHHSIM MPLOX CE2MEHMI8
3i cmani 3 HarnasneHHIM copmatmom |
8ibpauitiHUM 3MIUHEHHSIM.

3HalideHi 3Ha4YyeHHs1 cmyreHs1 3MIUHEeHHS
Mamepiarny pPiKy4oi KPOMKU  8iOHOB/IEHUX OUCKi8

COUWIHUKi8.
BcmaHoerneHi onmumaribHi pexumu
8ibpauiliHoeo 3MIUHEeHHS: Yacmomu i amrnimyou

KonugaHb 06po0bHO20 iHCIMpPYMEHMmY, Yac.

BusHaueHi onmumaribHi napamempu OUCKi8
COWHUKI8: 308HIWHIt Oiamemp, moswuHa pixy4or
KpOMKU, Kym ne3a, wo 3abesrneyye ix HalMeHwudl
3HOC | IKicmb  Cigbu 3epHOBUX.

HagedeHi pesynbmamu 3MiHU MOBWUHU
ducka i 3Hocy Uioe2o o diamempy rnidyac
cmeHOosux  QocrnidkeHb  HOBUX  Ouckie ma
BIOHOBIEHUX MPUBAPHBaHHAM ceaMeHmig 3i cmarii
45 3 asmomamu4HUM HarnasieHHsIM copmalmom i
8ibpauitiHuUM 3MiUHEHHSIM.

AHarnis 00CiOXKEHHST 00380/1UMb
3acmocosysamu 8UKOPUCMAaHHS Cy4YacHUX rpoepam
Oriss MoOesio8aHHsI ma CuMyrnsiyii Onsl 8U3HaYeHHs!
OuHaMiKu ma HarpyxeHb, sKi 8UHUKaomb M0 Yac
ekcrilyamauyji OUCKige COWHUKI rpu  Cigbi.

HocnidxeHHss  dae  Mmoxnusicmb 00
PO3p0bIIeHHsT  OMMUMI308aHOI KOHCMPYKUJi  OUCKie
COWHUKi8, siKi 3abe3rneyamb iXHIO 8UCOKY Hal0ilHICmMb
ma mpusasnicmb Ccayxbu nid yac PpisHUX ymoe

ekcryamauii.
Pesynsmamu docnidxXeHHs1 6ydyms
sukopucmaHi O0nsi  800CKOHalNeHHS  MEXHIYHUX

Xapakmepucmuk ma mexHonoeili eupobHuymea
OucKie COWHUKIB, wWo Odoromoxe 3binbwumu
npodyKmuseHicmb,  3MeHWuUmu  eumpamu  Ha
pemMoHm ciganok ma 3abesnedumu egeKkmugeHy
cigby.

Knroyoei cnosa: cigarika, cigba, COWHUK,
HaciHHs, OuCK, eucigHUU arapam, 6iOHOB/EHHS,
HaditiHicmb, MPoOyKmMueHicmb, sKicmb
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