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Abstract. The service life and durability of transport and assembly machines depends on structural,
technological and operational factors. The wear and tear of parts and working bodies causes a violation of the
level and stability of the fulfillment of technical requirements, a decrease in reliability and efficiency, and a
reduction in the service life of machines. Any technical means, in particular agricultural ones, can be considered
as a system of serially or parallel connected units, aggregates and elements operating under conditions of load
dynamics and wear and tear. The failure of one of the elements of the friction unit leads to the loss of its
performance. The result is a complete or partial loss of machine performance as a whole. The most rational way
to increase the durability of machines is to reduce wear and tear. This can be achieved by developing methods for
evaluating the wear of friction parts. The paper proposes a model for evaluating the wear of the rod head-sleeve
conjugation of the conveyor traction body of the rod conveyor of root-harvesting machines. The developed model
of the tribosystem provides an opportunity to determine the estimated service life of the bars, that is, the conveyor
as a whole. The geometric, kinematic and power factors affecting the wear processes of the tribo coupling under
study were analyzed. The assessment of the maximum contact stresses of the contacting surfaces of the tribocoupler
was performed to prevent premature destruction. The evaluation was performed in the initial stage of the transport
machine, when the contact areas are minimal. The average statistical stresses arising in the contact zones, at
which the wear process reaches critical values, are determined. Such studies make it possible to unify the
dependence for determining the service life of a rod conveyor based on a sleeve-roller chain. Taking into account
that the contact stresses depend on the force and geometric parameters, it is advisable to use the obtained
mathematical model for the design of the rod-sleeve connection structures to ensure the specified service life of
the mechanism.

Key words: rod conveyor, sleeve-roller chain, contact stresses, work resource, mathematical model, rod,
sleeve, tribocoupling.
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1. INTRODUCTION

Statement of the problem. The reliability and durability of mechanical systems, in
particular agricultural machinery, can be improved by mechanics of solids. The basis for this is
theoretical and experimental studies of material fracture processes and tribocontact interaction
based on the theory of fatigue wear. Such studies allow us to make rational design decisions
regarding the joints of contacting parts and correctly choose the materials, and, based on
experimental and analytical studies, to give recommendations for extending the service life of
machines.

The solution of a practical tribotechnical problem, such as assessing the wear of the rod
heads of conveyor belts, can be determined based on the known fundamental principles of wear
models. It is necessary to build a mathematical model for assessing the durability of the
tribosystem under consideration. In rod conveyors with a traction organ based on sleeve-roller
chains, sliding friction is observed. Based on the results of tribological studies, it can be argued
that the most common mechanism for such friction is fatigue failure [14, 15, 16].
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Analysis of available research. The working branch of a rod conveyor consists of hinged
joints, the wear resistance of which determines the durability of the conveyor as a whole. The
friction of the parts of the hinged joints of the conveyor is caused by the loading mode, the
number of abrasive particles that fall into the contact plane of the friction parts. Conveyor links
operate mostly without lubrication.

When designing new mechanisms with hinged joints or improving the existing models,
it is necessary to use the gained experience to study their wear resistance.

Constructive solutions that would ensure the wear resistance of hinge joints are
implemented by improving the friction conditions of the hinge parts: reducing the load on
friction surfaces, increasing the nominal contact area of friction parts in a hinged joint,
protecting the surfaces of parts from abrasives, using materials with increased wear resistance
for parts manufacturing, changing the types of friction in joints (rolling is replaced by sliding),
eliminating external friction in joints through the use of elastic elements, etc. [1, 5, 6, 7].

It is possible to increase the durability of metal-intensive structures by using replaceable
parts, which restores the operability of hinge joints by replacing worn hinge elements with new
ones.

Objective of the investigation. To create a mathematical model that would allow to
determine the geometric parameters of the head rod-bushing conjugation of the traction device
according to the predicted service life and technological load on the working parts of the rod
conveyor.

Statement of the task. To investigate the mathematical model of the head rod-bushing
tribosystem of the conveyor’s traction body and to perform analytical studies of geometric,
kinematic and power factors that affect the service life of the mechanism.

The results of the investigation. Rod conveyors are essential working units of
agricultural machines designed for harvesting root crops and vegetables. Such conveyors move
root and tuber crops, and depending on the harvesting technology, take them from the digging
mechanisms and feed them into storage hoppers or onto the bodies of machines or tractor
trailers. Root crops are transported by rod conveyors and are simultaneously cleaned from soil
residues. The web of such conveyors is made of steel rods, and the traction elements are sleeve-
roller chains. For the purposes of this study, we will consider a rod conveyor with rods made
of calibrated steel 35 with a diameter of 10.8 mm. The chain axes are constructively replaced
by the conveyor rods (Fig. 1).
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Figure 1. Schematic diagram of the rod-sleeve connection of
the traction body of the conveyor 1 — rod; 2 — sleeve
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2. EXPERIMENTAL METHODS

The technological design of the one-piece connection of the rods to the chains is carried
out by flaring the ends of the rods. This allows the rods to act as chain axles and the functional
purpose of the traction unit is not impaired. The parts of the rods that are fixed in the holes of
the links and serve as chain axles are the most heavily loaded, and we consider them to be the
heads of the rods.

During the transportation of root crops, the heads of the rods are fixed in relation to the
chain sleeves, experiencing a radial load from the weight of the transported mass. When the
raw material is unloaded into the hopper, which is the upper position of the rods, the rods
partially rotate around their axes in relation to the fixed chain sleeves. The friction in the contact
area between the rod head and the chain bushing causes wear. Long-term usage of the conveyor
causes wear, which, when it reaches critical values, can lead to a conveyor shutdown due to the
release of the rod heads from the chain sleeves [1, 4, 6, 7, 8, 10].

The links of rod conveyors based on sleeve-roller chains operate in a metal-to-metal
pair (Fig. 2) under conditions of significant abrasive wear, which is typical for agricultural
harvesting machines.

O<a<ay;
l, = o - R— maximum line of
contact;
| = - R- working line of
contact;

201y the angle that determines

the maximum contact surface of
the parts to be joined;
N — force acting on the rod
head during operations.

Figure 2. Schematic diagram of the tribo coupling of the head of the rod and
the conveyor link 1 — rod head; 2 — bushing of the traction body

During the technological process, the outer surface of the rods and the inner surface of
the bushings wear out.

The conveyor becomes unusable when the total wear inside the joint is from 1.5 to
3 mm. To study the service life of the rod conveyor, namely, the time of wear of the rod
head in the chain bushings, we accept the value of critical wear of the rod head surface as
h=1 mm [13, 14, 15].

The time of abrasion of the conveyor rod head before it leaves the mounting holes, i.e.,
the service life of the conveyor is
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T=2,
h
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where 1, is the time for the actively loaded part of the rod head to complete a full rotation in

the chain bushing;

h is the cutoff value of the surface of the conveyor rod head, it is assumed to be h=1mm.
The most loaded rods of the conveyor will be those with scrapers that support the

transported mass. Let’s consider the conditions under which the greatest load on the rods is possible.

The scrapers approach the unloading zone (upper position ) of the conveyor periodically

L
t:f, )

where L,, is the total length of the conveyor web;
V, is the linear speed of the conveyor web .

Over time t, the active zone of the rod surface is rotated by an angle € that is equal to
the angle of inclination of the conveyor to the horizon. Accordingly, one complete active rod
rotation requires 2z/6 cycles.

The time for the actively loaded part of the rod head to make a full rotation is

L, 2«
t,=—2L.—/—.
0 V. 8 (3)

The wear Kinetics of a cylindrical head of a rod for the case under study is

dh
Py =t (4)

We assume that the head of the rod is worn evenly along the contour during the operation
of the conveyor. At each point of the contour, wear will occur as the rod head passes the active
contact zone. Using the kinetic wear equation (4) to determine the amount of linear wear of the head
contour of the rod for one rotation h(27R), we obtain the following dependence

l

h(ZnR):Zb;:Zjé_l(r)dl.
5
j@—l(r)dl 0 ©)
0

The resource of the head of the rod is respectively

27 05L; Bz |2 fG  [NR@A-p) "ol
127 92t TOI \/ 2 Al L (6)

0 A . R(1- ) 7hG

where 7, m, B are the wear resistance parameters of the tribo-conjugation.
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During operation, the web of rod conveyors is loaded in different ways. The effect of
uneven distribution of external loads from the transported mass was investigated for typical
loading cases (Fig. 3). According to the results of the study, we obtained radial forces that arise
on the contacting surfaces — in the range of 100 to 400 N [3, 4, 7, 8].

qis/ qls)

Figure 3. Characteristic diagrams of the distribution of external loads on the belt conveyor belt

3. RESULTS AND DISCUSSION

Let’s consider the structural and force components of the rod conveyor joint that affect
its service life. We will perform an analytical study of the change in the areas of the contacting
surfaces of the tribo-conjugation. We will vary the pressure forces in the supports and the length
of the supports to track their impact on the lifetime of the conveyor.

The maximum contact surface area of the head of the rod-sleeve chain is

AZIO'bv (7)

where 1, where is the maximum length of the contact line of the surfaces

_ [2N-R(-p)
o= z-G-b ®)

here N is the radial load that occurs in the contact area, which varies depending on the
distribution of the process mass on the conveyor belt; R is the radius of the guiding circle, which
depends on the size of the head of the rod, R =5.4 mm; b is the contact line; x is the Poisson’s

ratio, 1 =0.3; G is the shear modulus, G =8,1-10* N/mm?2.

Let us investigate the change in the maximum contacting surface areas (Fig. 4) depending
on the change in pressure forces and contact width in the contact zones of the rod-bushing connection.
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Figure 4. Dependence of maximum contact areas on pressure forces and contact width
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The performance of the head rod-bushing conjugation of a conveyor has a significant
impact on the depth of their diffuse layer. The cementation depth of the rod heads should be
greater than that of the bushings. The cleanliness of the contact surfaces of the rollers, sleeves
and plates should be at least class seven.

The wear of the contact surfaces between the rod and the chain bushing largely depends on
the maximum stresses that occur on their surfaces during operation. To assess the strength of the
connection under study, let us determine the maximum contact stresses in this friction pair [9].

G [2N-R(l-p)
Cnme T Rp—) VT 2Gb ®)

For typical operating conditions of a rod conveyor, we will determine the maximum
contact stresses in the contact zones of the head rod-bushing chain. Let’s study the change in
stresses depending on the size and distribution of the transported process mass and the
geometric parameters of the connection (Fig. 5) and compare them with the ultimate stresses.
The ultimate contact stresses for the contact surfaces under study are within o;; =570...670
MPa. If they are exceeded, the contact surfaces will be destroyed.

The active contact line head rod-bushing chain is within the limits 0<1<ly (Fig. 2).
Accordingly, the actual contact stresses during operation vary from the maximum to the final
stresses at which the conveyor is out of service. For the accepted mathematical model of
tribocontact interaction of deformable bodies (head rod-bushing chain link), the operating
contact stresses are

2N-R(1-p)
G‘\/ 7r-G~by - _ (10)

O'H(a):

Average contact stresses for the period of operation of the rod conveyor is

1| o Y ENREE S
UH_CP‘E{R(lﬂ)‘_C[[\/ ,,,G,bﬂ_l ]dl} (11)
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Figure 5. Dependence of maximum contact stresses on pressure forces and contact width
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The change in the average contact stresses in the contact zones of the rod heads and
chain bushings depending on the loads on the contact zone and the length of the bushings
is shown in (Fig. 6).

Having comprehensively studied the parameters that affect the service life of the rod
conveyor, the dependence (6) can be written as follows

T T LH B 70 1
- ' : 12
A (2

Using (12), we obtain a dependence for determining the calculated average
contact stresses in the head rod-bushing conjugations for the predicted service life of the

conveyor
1 T LH B TO
=—\m—— 4 .
OH CP f(,f oV, T To] (13)

For the considered tribo-conjugation head rod-bushing chain, the parameters
of wear resistance of the tribo-conjugation were determined by a well-known method [14,
15]. The steel 35-steel 35 friction pair was studied by reproducing the effect of an
abrasive sandy-clay environment to simulate the technological conditions of operation

of rod conveyors of root harvesters. As a result, we obtained: B = 4,25-108, 7, =01 MPa,
m=0,93.

Il > 500
B <420
[ ]1<320
[]<220
B <120
B <20

Figure 6. Dependence of average contact stresses on pressure forces and contact width

The force in the contact zone of a head rod-bushing chain during the operation
of a rod conveyor varies from 100 N to 400 N. Let us assume for the real design
of the longitudinal conveyor of a six-row root harvester N =200N; L, =4800mm;

V, =1140mm/sec; f =0,08; G=81-10°MPa; £ =0,3; R=54mm; §="55°.
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The obtained results of average contact stresses oy cp = f(T)are shown
graphically (Fig. 7).
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Figure 7. Dependence of the average contact stresses
on the service life of the conveyor

Using the dependences (Figs. 4, 5, 6, 7), it is possible to select the necessary design
parameters of the rod-bushing connection of the rod conveyor traction unit to ensure the
predicted service life under the appropriate loading conditions.

4. CONCLUSIONS

The paper investigates the parameters that affect the wear of rod heads and
bushings of the traction units of rod conveyors of root harvesters. The geometrical and
power parameters that affect the service life of the studied tribo-conjugation were
determined. The obtained results are appropriate for the design of geometrical parameters
of connections of the head rod-bushing type of the traction unit. Due to the selected
parameters of rod conveyors used for certain technological processes of transporting and
separating root and tuber crops, it is possible to obtain structures with a predictable service
life.
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JOCJIIXKEHHSI MATEMATHUYHOI MOJEJII TPUBOCUCTEMU
I'OJIOBKA IIPYTKA-BTVYJIKA TATI'JIOBOI'O OPT'AHY
HPYTKOBUX TPAHCIIOPTEPIB

Tapac Jooym; Hagis Xomuk; AHartouiii J{oBOymn

TepHoninbcokuu HaAYioHAIbHUL MEeXHIYHUL YHigepcumem imeHi leana Ilynios,
Tepuonins, Ykpaina

Peztome. Pecypc pobomu 1 006208iuHiCIb MPAHCROPMYIOUUX | 30UPATLHUX MAWUH 3ANEHCUMD 8I0
KOHCTPYKMUBHUX, MEXHONOZIYHUX MA eKCHAYamayitinux gakmopis. 3nouwyeanns oemaneil i poboyux opeamie
CHPUYUHAE NOPYUIeHHS DPI6HA Ul CMAOIIbHOCMI BUKOHAHHS MEXHIYHUX 6UMO2, 3HUICEHHs HAOIUHOCmI U
Koegiyicuma KOpucHoi Oii, CKOpoueHHs mepMiHy Cayxcou mawut. Byovb-aki mexuiuni 3acobu, 30Kpema
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CIIbCbKO20CNO0APCHKI, MOJICHA PO32IA0AMU K CUCMeEMY NOCTI008HO ab0 NApanenvbHo 3 €OHAHUX BY3Ii8,
azpezamie ma eiemMenmis, wo npayioms 8 ymosax OUHAMIKU HABAHMAdICEHOCMI U 3HOWY8aHHA. Biomosa 00nozo
3 eleMenmie y3na mepms npu3eooums 00 empamu to2o npayeszoamuocmi. Hacniokom € nosna abo yacmkosa
empama npaye30amrocmi Mawuny 6 yinomy. Haupayionanorivuil wiisx nioguuyeHHs 0062068iUHOCME MAWUH —
3MeHWen A 3HOUYBanHA. [locaemu ybo20 MONCHA PO3POOIEHHAM MEmoOoi6 OYIHIOBAHHA 3HOULYBAHHA Oemanell
mepmsi. 3anponoHOBAHO MOOenb OAsi  OYIHIOBAHHS 3HOWYEAHMSL CHPSNCEHHS 207068KA NPYMKA-6MYIKA
mpancnopmepa ms2io8020 OP2any NPYmMKO6020 MpaHcnopmepa Kopene3oupanrbhux mawun. Pospobrena mooens
mpubocucmemu  3a0e3ne4ye MONCIUBICING GUIHAYAMU PO3PAXYHKOBULL pecypc pobomu npymkie, moomo
mpancnopmepa 8 yinomy. Ilpoananizogano eceomempuymi, KiHeMamuyHi ma Cuio8i paxmopu, wo 6nau8arms Ha
npoyecu 3HOULYBaHHs OOCHIONHCYBAHO20 MPUDOCIPAICEHHA. Bukonano oyinioeanna MaxcumanbHux KOHMAKMHUX
HANpYJIceHb KOHMAKMYIOUUX HOBEPXOHb MPUOOCHPANCEHHA ONsl  3anodieants NnepeovacHux pyuHyas.
Oyinioganns GUKOHAHO Yy NOYAMKOSIH cmadii pobomu mMpancnopmuoi MawuHu, Koau KOHMAKMHI Niowi
Minimanoni. Busnaueno cepeOnboCmamucmuyuni HANPYICEHHS, WO GUHUKAIOMb ) 30HAX KOHMAKMY, 3d SAKUX
npoyec 3HOUWYBAHHS 00CA2AE KPUMUYHUX 3HAYeHb. TaKi 00Cai0dHceHHA 00360AA10Mb YHIQIKY8AMU 3A1€HCHICTNG O
BUBHAYEHHSI pecypcy pobomu npymKo8o2o MPAHCHOpMeEpPA HA OCHOBL  GMYIKOBO-POIUKOBO20 IAHYIO2A.
Bpaxosytouu, wo xonmaxmui nanpysjicenHs 3anexicams 6i0 CULOBUX MdA 2eOMEMPUYHUX NAPAMEMPIE, OMPUMAHY
Mamemamuyy Mooeib OOYLTbHO 3aCoco8ygamu Oisk NPOEKMYBAHHI KOHCMPYKYIU 3 €OHAHM NPYMOK-6MYIKA
07151 3a6e3neuents 3a0an02o pecypcy pooomu Mexanimy.

Knrwouosi cnosa: npymxkosuil mpancnopmep, 8myniKo80-poauKo8Ull NaHyio2, KOHMAKMHI HANPYIHCEHHS,
pecypc pobomu, MmameMamuiHa MoOeb, NPYMoK, 6MyaKd, MpubOCHpHCeHHsL.
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