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ANALYTICAL RESEARCHES OF METHODS AND CONSTRUCTIONS OF GRINDERS 

OF CORN FORAGE 

Alexander Nanka, Ivan Boyko 

Kharkiv National Technical University of Agriculture named after Peter Vasilenko 

St. Artem 44, Kharkiv, Ukraine. E-mail: khstua@lin.com.ua 

Summary. In this work are given the final 

results of analytical researches of methods and 

constructions of grinders of corn forage with the 

purpose of estimation their economic efficiency 

and determination of directions of their im-

provement. 

Key words: methods, grinders, power-

hungryness, economic efficiency. 

ACTUALITY OF PROBLEM 

Development of agroindustrial complex of 

Ukraine is one of basic priorities of socio-

economic policy of the state and by a strategic 

task in food safety of country. In modern eco-

nomic terms at the saturation of market and 

constantly making progress competition basic 

direction at the production of products of stock-

raising is creation of new energy-saving tech-

nologies and hardwares which are able to realize 

intensive economic processes. One of decision 

terms of growth of rates of production of stock-

raising goods, increase of its quality accelera-

tion a decline of prime price is a feed base Part 

of forage in general charges on the production 

of goods of stock-raising grows and makes a 60-

75% prime price. It is known that the nutritives 

of forage are actively mastered by animal in the 

ground up kind, as an active surface of particles, 

which is instrumental in the acceleration of 

process of digestion and comprehensibility of 

nutritives [3], is increased in the ground up 

sterns. It is known also, that growing shallow is 

one of the most power-hungry processes at the 

production of forage and which consumes to 

70% electric power which is outlaid on all tech-

nological process. Therefore, exactly power-

hungryness of process of growing of corn forage 

shallow, is one of major indexes of efficiency of 

production of products of stock-raising on the 

modern stage. The problem of situation consists 

in that the traditional grinding devices of corn 

forage and scientific knowledges in this area can 

not provide subsequent native perfection of this 

process. In this connection, development and 

creation of new machines for growing of corn 

forage, which own more wide technological 

possibilities, less power-hungryness and level of 

containing metals, provide the good value of 

growing shallow, shallow will allow to promote 

the competitiveness of products of stock-raising 

due to the decline of its prime price. 

ANALYSIS OF THE LAST RESEARCHES 

AND PUBLICATIONS 

Growing of solids shallow is a process of 

division of body on his more shallow parts [4, 

12, 17], and in spite of plenty of methods of 

growing shallow, in his basis the same phe-

nomenon lies is an origin in a body at his load-

ing of maximum tension which brings bodies 

over to violation of integrity, to the decoupling 

of atoms and molecules between itself. 

To research of technological processes of 

growing of corn forage shallow with the purpose 

of decline of power-hungryness at growing by a 

blow shallow, research works of Ziganshin B.G. 

[21], Kurmanova A.K. [11], Revenko I.I. [7] and 

other authors works are devoted. Presently by the 

scientists Sergeev N.S. [8], Abramov A.A. [9] at 

all research works are conducted from creation of 

machines for growing of corn forage shallow that 

work on principle of growing cutting shallow or 

to splitting off, which guarantee the considerable 

decline of power-hungryness of processes of 

growing shallow. 

RAISING OF TASK 

Purpose of work is to conduct the analysis of 

methods and constructions of grinders of corn 

forage to estimate them economic to efficiency 

and to define directions of their improvement. 

EXPOSITION OF BASIC MATERIAL 

Depending on the method of action of work-

ing organ of machine on the ground down mate-

rial and kind in him deformations, growing shal-

low can be executed by squashing, blow, cleav-

ing, elimination, sawing, cutting by a blade, 

cutting by a puncheon, cutting by a chisel [1] 

(Fig. 1).
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Fig. 1. Methods of growing of solids shallow: 

1 is squashing, 2 is cleaving, 3 is elimination, 4 

is sawing, 5 is a blow, 6 is cutting by a blade, 7 

is cutting by a puncheon, 8 is cutting by a chisel 

Depending on mechanical - technological 

properties of material and requirements to the 

product of growing shallow apply one of the 

indicated types of growing shallow. Yes, for 

micronizing of viscid and soft materials apply 

elimination, for the receipt of lump materials - 

cleaving, and for the receipt of particles of the 

set size - cutting or sawing, and others like  

that [14]. 

Every type of growing shallow is executed 

by the certain type of grindings down, which 

engulf the large group of machines which differ 

structural implementation and chart of organiza-

tion of working process. 

For to the types of influence a crush mate-

rial, grinders are divided by five basic groups: 

millstone carriages, roller mills, shtift grinders 

(desintegrators), to the hammer of crusher, cen-

trifugal-rotor grinders. 

Structurally millstone carriages are simple 

after a structure, but bulky, power-hungry and 

underproductive, cause over-temperature of 

product pulverulent and flour factions which 

reduce quality of feed prevail in which [20]. 

To the lacks of roller mills it costs to take 

that even the small vibrations of size of gap be-

tween rollers cause the considerable change of 

degree of growing, loading on rollers and 

charges of energy shallow. Considerable part of 

energy which is outlaid grows into a warmth 

which results in heating of product and rollers. 

It is necessary also to mark, that for taking of 

dust and moist necessary devices for aspiration 

of roller mills [13]. 

The basic lack of the shtift grinders is an en-

hanceable wear of crush shtifts [19]. 

In an agricultural production for growing of 

corn forage shallow a blow, cleaving, squash-

ing, elimination and cutting, is used. Thus in 

none of types of grindings down the resulted 

methods are executed in a clean kind, however 

in each of them it is possible to select a prevail-

ing method [2]. 

Among facilities of mechanization for grow-

ing of corn forage of most distribution shallow 

the universal crushers of shock type purchased 

with the joint suspended hammers - to the 

hammer of crusher. They are able to grind down 

the various types of raw material, comparatively 

simple for constructions and comfortable in 

service and exploitation. Their construction al-

lows easily to change fast wear details (ham-

mers, sounding boards, grates). However much 

they have a row of the substantial failings, 

namely, above all things, high specific charges 

of energy on the process of growing shallow, 

(18.20 kW hours/tonns) relatively high contain-

ing of metals (to 500  kg of hours/tonns) and 

intensive wear of hammers and sieves of crush-

ers. In addition, the not leveled grain-size distri-

bution has the prepared product with 

megascopic content of pulverulent faction 

which arrives at to 20%. 

These failings are explained by that such 

methods of growing shallow as free-kick and 

elimination are realized in hummer crushers. 

Thus co-operating of grain with hammers carries 

casual character, and under a direct central blow 

gets only 5% from their general amount. The last 

grains are ground down for 15.40 shock co-

operations [6]. It follows notices also, that in 

hummer crushers is created mobile ring air-grain-

growing a layer, in which more large particles 

bed near-by a sieve and the same hinder to the 

exit of the ground up product from the area of co-

operation of hammers, which conduces to his 

considerable regrinding and additional charges of 

energy. In addition speed air-grain-growing has a 

considerable size a layer and arrives at the half of 

angle speed of hammers [18], which results in 

diminishing of force of blow. In this connection, 

traditional crush machines - to the hammer of 

crusher and scientific knowledge in this area ex-

hausted the positive potential and can not provide 

the subsequent native improvement of process of 

growing of corn forage shallow. 

For more detailed analysis we will consider 

expression for determination of general charges of 

energy on the process of growing shallow. Di-

rectly before the process of growing shallow there 
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is deformation of material, which is accompanied 

by the change of his volume. Therefore work 

which is outlaid on the process of growing shal-

low in hummer crushers can be shown in the type 

of the following power balance: 

uksd AAAAA , (1) 

where: are charges of energy on resilient and 

plastic deformation of material; 

tA  - charges of energy are on creation of 

new surfaces of the ground up particles, 

2/2mvAk  - expenses of energy are on 

the grant of kinetic energy to the circular layer 

of material, 

m - mass of circulating circular layer of ma-

terial, 

- a rate of movement of circular layer is in 

a crush chamber, 

uA  - charges of energy are on a wear and 

heating of workings organs of crusher. 

Examining the first two constituents of the 

resulted equalization, then it follows notices, that 

charges are directed directly on growing of mate-

rial shallow is useful. The third constituent of 

equalization, grant of kinetic energy to the circu-

lar layer of material, is harmful for this type of 

crusher, as diminishes force of blow, due to di-

minishing of difference of relative speeds of 

hammer of crusher and ground down material. 

Fourth constituent, charges of energy on a wear 

and heating of workings organs, peculiar for all 

crush machines and can be diminished due to 

creation of new workings organs application of 

modern materials for their making. 

Thus, from the resulted analysis follows, 

that the size of unproductive power charges de-

pends on the choice of rational chart of organi-

zation of working process of growing shallow. 

What touches the power charges of directed 

directly on the process of growing and their 

decline shallow then it is necessary in machines 

for growing of corn forage shallow to realize the 

less power-hungry methods of growing shallow, 

for example, of cutting in which power charges 

in four times are less from squashing and seven-

fold less from growing by a blow shallow. 

In the last years abroad and in Ukraine with 

the purpose of decline of power-hungryness of 

processes of growing of corn forage shallow find 

the use centrifugal-rotor grindings [16] down, in 

which growing of corn forage shallow takes 

place a cutting method and they practically on all 

indexes exceed before resulted. 

Besides, in grinders, which have knife work-

ings organs, almost absent element of elimina-

tion – grain is ground down on the particles of 

the set size, and content in to the prepared prod-

uct of pulverulent faction considerably less than, 

than in the machines of other constructions. In 

grinders, which work on principle of cutting, the 

product of growing shallow is not heated, and 

mass of workings organs considerably less than, 

than in other constructions [15]. Also diminish-

ing of power-hungryness that sliding motion of 

blade, which diminishes pressure of knife on the 

product of growing [10] shallow, has a decision 

value in the technological process of cutting is 

instrumental in accordingly, effort which needs 

to be attached to the worker of the organ of 

grinder diminishes. In addition, centrifugal-rotor

crushers differ substantially less contain of met-

als, as compared to grinders of other construc-

tions [8, 5]. 

As a result of the executed analytical re-

searches basic principles of improvement and 

creation of new energykeepings machines are 

for growing of corn forage shallow it is possible 

to formulate thus: 

- growing of material shallow must be con-

ducted only to the that degree which is needed 

for his subsequent processing or use; 

- growing shallow must be forecast, factious 

composition must be homogeneous, set sizes 

and not to have pulverulent faction;

- particles of material, ground up to the set 

sizes, there must be the immediately remote 

from an area growings shallow; 

- growing shallow must be «at leisure» that 

not to become complicated by extraneous opera-

tions, except for overcoming of forces of the 

between molecules coupling, which are useful 

work that is outlaid on the process of growing 

shallow;

- diminishing of work of resilient deformations 

by the use of workings organs which consume the 

least of energy and that work on the method of 

growing cutting or splitting off shallow; 

- increase of work on creation of new sur-

faces due to the increase of contacts between the 

ground down grain and working organs; 

- a removal of the repeated co-operation of 

the ground up material is with the workings 

organs of machine. 



ALEXANDER NANKA, IVAN BOYKO 

6

CONCLUSIONS 

As a result of analytical researches of meth-

ods and constructions of machines for grinding 

of corn forage, comparison of power charges 

shallow it is set on the process of growing by 

the different constructions of grinders shallow, 

that to the hammer of crusher of corn forage and 

scientific knowledge in this area can not provide 

subsequent native perfection of this process. 

Being based on the results of researches basic 

principles of improving and designing of ma-

chines for grinding of friable forages are formu-

lated with the purpose of reducing energy waste 

on the process of grinding. 
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DEVELOPMENT OF ENERGYKEEPING CONSTRUCTION OF GRAVITY METERING 

DEVICE OF FRIABLE FORAGES 

Vitaliy Sementsov, Ivan Boyko 

Kharkov National Technical University of Agriculture after Peter Vasilenko 

St. Artem 44, Kharkiv, Ukraine. E-mail: khstua@lin.com.ua 

Summary. In this work are given the final 

results of analysis of existent constructions of 

metering devices of friable materials of continu-

ous action, marked them economic efficiency in 

relation to power charges on the process of dos-

age, the scientific hypothesis of creation of ener-

gykeeping construction of metering device is 

offered in which the process of dosage will be 

carried out due to gravity forces. 

Key words: metering device, friable materi-

als, power-hungryness, evenness of dosage. 

RAISING OF PROBLEM 

The decline of prime price and increase of 

competitiveness of products of stock-raising 

depends on feeding of animals and bird valuable 

sterns, balanced after nutritives, vitamins and 

oligoelements, in accordance with the planned 

productivity [9,10]. On the whole prepares mix-

ture of vitamins, oligoelementss, amino acid and 

filler the method of their dosage and mixing, 

and its concentrate is named premix. In future, 

premixes will enrich the concentrated sterns 

which are given to the bird and pigs as the 

mixed fodder, and given to a cattle in the type of 

feed mixture together with rough and juicy 

sterns. A basic operation at preparation of the 

mixed fodders and feed mixture is a dosage of 

components, so as its quality depends on exact-

ness of work of metering devices. 

Inaccuracy of dosage reduces the feed and 

biological value of feed, and surplus of compo-

nents which have a large cost conduces to the 

increase to the unit cost to violation of balance 

of nutritives, and on occasion - to the disease of 

animals and bird [2, 13, 14]. Therefore there is a 

necessity for creation of such batching devices 

which are able to work in the wide turn-down of 

their productivity at different mechanical and 

technological properties of components, to dif-

fer simplicity of construction, high technologi-

cal reliability, simplicity of tuning on the set 

productivity, to have a low cost and main low 

power-hungryness.

ANALYSIS OF THE LAST RESEARCHES 

AND PUBLICATIONS 

The technological process of dosage is 

known from ancient times and used as early as 

ancient Egypt at making of embalming mixture 

by the method of measurement of necessary 

portions (doses) of separate components. Under 

a dosage it is accepted to understand such me-

chanical process where material as a result 

formed in doses or began to flow with prelimi-

nary certain parameters. A size which character-

izes the process of dosage is an expense of ma-

terial which is measured out (volume or mass). 

The value of expense which it is aimed to sup-

port is named the set expense, value of expense 

presently to time – by an instantaneous expense. 

Substantial payment to development of theory 

practices of dosage of friable materials brought 

in: Y.D.Vidineev [18], P.M.Vasilenko [17], 

I.I.Revenko [5], V.V.Shatskiy [6], 

N.V.Braginets [3] and row other. The analysis 

of publications, devoted to the questions of dos-

age of friable materials, shows all complication 

of this mechanical process. Two methods of 

dosage of friable materials are known in prac-

tice: volume and gravimetric, each of which can 

be a la carte or continuous. Mathematical model 

of process of continuous dosage which is of-

fered by Y.D. Vidineev. [3], consists in delivery 

an indissoluble stream with providing of set 

and, in particular, permanent amounts of friable 

material or his separate components with rejec-

tions no more possible in the elements of 

stream, proper to the set intervals of time: 

,p GGtG  (1) 

where: is an amount of material in a dose, 

tQ  – a current value of expense is on a pe-

rimeter (t), 

G  – possible rejection of dose, 

t  – current time; it is duration of forming of 

dose.

More frequent all quality of work of by vol-

ume metering devices of continuous action is 

estimated by relative standard deviation (by the 
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coefficient of variation) [6, 4], that, by the rejec-

tion of the instantaneous productivity of meter-

ing device in this loop of it`s work: 

1

)(
1 1

2

n

xx

x

n

i

i

, (2) 

where: is mass of the portion, 

x – mean value of mass of portion, 

n – amount of the selected tests. 

RAISING OF TASK 

Purpose of work - to conduct the analysis of 

methods and constructions of metering devices 

of friable materials, estimate them economic 

efficiency, to define directions of their im-

provement and offer the new construction of 

metering device, which will provide high-

quality dosage of friable forage with minimum 

power charges on the process of dosage. 

EXPOSITION OF BASIC MATERIAL 

For realization of process of dosage of fri-

able materials the great number of constructions 

of metering devices, which differ structural de-

cisions, is created, and their names originate 

from the structure of working organ, for exam-

ple, screw, band, drum, plate etc. [11, 15, 16].  

With the purpose of ground of optimum 

technical decision the classification chart of 

batchings devices, which is presented on Picture 

1, was developed by us, in basis of which the 

types of metering devices are incorporated on 

functional, structural and second properties in 

groups: on purpose; on principle of action; after 

consistency of batching material; on the method 

of loading of material; on the type of batchings 

working organs; on principle of unloading of 

dose; on the method of adjusting of the produc-

tivity; after the type of occasion of batching 

element. 

Process of dosage of friable materials, it is 

possible to divide into three phases: feed or fill-

ing of working organ of metering device by 

material; forming of dose or even stream of ma-

terial; delivery of material. Basic influence here 

on the unevenness of dosage give phase of fill-

ing of batching device by material and phase of 

forming of dose or stream of material [12]. 

Work of phase of filling of batching device de-

pends on friable material, structural parameters 

of bunker and form of tape-holes of bunker, 

which provide the trouble-free entering of mate-

rial area of forming of dose or stream. Work of 

phase of forming of dose or stream depends on 

the structural features of batching device and 

renders basic influence on the unevenness of 

dosage. From point of power expenses for will 

be phases following: filling of working organ of 

metering device mainly takes place friable ma-

terial due to gravity forces, at forming of 

stream, that to moving of friable material, needs 

considerable power expenses, delivery of friable 

material also takes place due to gravity forces. 

Fig. 1. Classification of metering devices of 

friable materials 

In practice of dosage of friable materials the 

known constructions of metering devices are in 

which the process of dosage takes place due to 

gravity forces. 

Simplest construction of gravity metering 

device [1] (Picture 2), it is in a general view a 

bunker with a sloping bottom in the underbody 

of which is located tape-hole with a shutter. 

Advantages of similar metering devices is 

that they do not need power expenses for their 

work. However much they have a large uneven-

ness of dosage, so as their productivity largely 

depends on the height of friable material which 

is in a bunker.



VITALIY SEMENTSOV, IVAN BOYKO 

10

Fig. 2. Gravity metering device: 1 – bunker;

2 – shutter 

If to accept physicists [7,8] into considera-

tion of utterance, that friable material is fully 

surprising material. At the proper terms he can 

behave and as a solid, and as a liquid, and as 

gas. From the physical point of view, dosage at 

certain terms it is possible to examine as a pro-

fluvium of friable material from a capacity, like 

the profluvium of liquid, which takes place un-

der the action of gravity forces. Therefore in our 

view [12], [19] with the purpose of the use of 

gravity forces, during realization of process of 

dosage, it is needed to give such properties 

which will induce him to the profluvium and 

such phenomenon is possible at his dilution fri-

able material. 

As a result of the conducted analytical re-

search of directions of improvement of construc-

tions of metering devices of friable materials, it 

follows notices, that efforts of designers were 

directed on the improvement of workings organs 

of metering devices without interference with 

transformation of properties of friable material. 

Taking into account the higher expounded 

facts it is possible to formulate the following 

scientific hypothesis: 

- increase of efficiency of technological 

process of dosage of friable forage due to the 

power cost cutting on the process of dosage by 

dilution of friable forage and motive of them to 

the profluvium under the action of gravity 

forces.[20]

Being based on this hypothesis it is sug-

gested by us to create such construction of me-

tering device in which dilution of friable mate-

rial will take place due to destruction of vaults, 

which appear above tape-holes the diameters of 

which are apt at creation of vaults, and the pro-

fluvium of friable material will take place under 

the action of gravity forces. 

The gravity metering device of friable forage 

(Picture 3) is offered consists of bunker 1, bottom 

of bunker 2 executed in the type of the horizon-

tally located part of cylinder pipe with openings 

3, the diameters of which are apt at creation of 

vaults, into a pipe the mover is set 4, that consists 

of two disks 5 fastened on a drive shaft 6 and 

connected by between itself small twigs 7. Ad-

justing of the productivity of metering device is 

carried out by a shutter 8, due to ceiling of open-

ings of bottom of metering device. 

Fig. 3. Gravity metering device of  

friable forages 

A metering device works as follows. Friable 

sterns are loaded in a bunker 1 and form above 

openings 3 of bottom 2 proof vaults and their 

pouring out doesn`t take place. At the rotation 

of mover 4 there is destruction of vaults and 

friable sterns under the action of gravity forces 

evenly pour out from a metering device. The set 

productivity of metering device is carried out by 

a shutter 8, for an account to ceilings of part of 

openings 3 of bottom 2.  In addition the mover 

interactive with a friable feed stabilizes his 

closeness in the area of forming of dose which 

provides evenness of dosage. 

CONCLUSIONS 

As a result of analysis of methods of continu-

ous dosage of friable forage, constructions of me-

tering devices and taking into account physical 

and mechanical properties of friable forage the 

new construction of gravity metering device is 

offered in which due to dilution of friable materi-

als there is it`s profluvium under the action of 

gravity forces, in condition of destruction of vaults 

what helps to reduce the waste of energy on the 

process of dosage. 
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DEFINITIONS OF NON-UNIFORM 

FEEDING OF BULK MATERIALS BY 

MEANS OF AUTOMATED DEVICES 

Summary. The paper describes an auto-

mated device for determination of uneven feed-

ing of bulk materials, proposals and developed 

the methodology used to calculate the coeffi-

cient of variation. 
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EVALUATION OF THERMAL STRESS 

WHEN RECONSTRUCTION THE  

DETAILS USING THE NEW FACING 

TECHNIQUE 

Summary. The technique is developed and 

the analyses of stress condition of the details 

recovered using the proposed method is carried 

out. The facing velocity optimum for minimiz-

ing the generated stress level is determined. 

Key words: surfacing, stress, strain, tem-

perature, surfacing speed. 
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MATHEMATICAL MODELING OF 

PROCESS OF THE INTERACTION 

SCREW WITH GRAIN IN THE 

AGGREGATE OF "WET" GRINDING 

Abstract. The article presents results of 

mathematical modeling of process of the inter-

action screw with grain in the aggregate of 

"wet" grinding and obtained mathematical ex-

pressions for the conversion of mechanical en-

ergy into heat and power costs for the imple-

mentation of the technological process of grind-

ing.

Key words: auger, dissipative forces, grind-

ing, power, concentrated feed. 
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TECHNICAL AND TECHNOLOGICAL 

SUPPORT OF DISINFECTION IN 

LIVESTOCK

Summary. In this work the existing techni-

cal and technological means to ensure thermal 

disinfection on farms and industrial complexes 

producing milk, and presented new solutions 

that to ensure effective implementation of disin-

fection in general veterinary-sanitary measures. 

Key words: disinfection, device, measures, 

ways, cleanliness, efficiency. 
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QUICKENED DEFINING TESTS WITH LIMITING COMBINED REGIMENS 
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Summary. Method peculiarities of quick-

ened tests for dependability of machine ele-

ments in limiting combined regimens are pro-

pounded. The possibility of introduction of 

method of standardization in agricultural ma-

chinery industry is grounded. 

Key words: Tests, combined regiments, lin-

ear summation, reliability. 

INTRODUCTION

Quickening of defining tests performance for 

machines dependability and their parts requires 

solving of many technical and methodological 

problems. The necessity to meet the requirements 

of physical similarity of failures emerging in their 

real exploitation and during test performance and, 

at the same time having the possibility of quick 

determination of failures whereby prognosis of 

dependability measures which are expected from 

the item in the regimens of its real operation, is the 

key problem [4,5,13,15]. In many cases it is pos-

sible to meet these requirements applying limiting 

combined regimens of quickened tests [6,7]. Dif-

ferent ways of realization of such approach and 

possibilities of standardization of methods of 

measures determination of mechanic dependabil-

ity due to the tests results are presented. 

EXPOSITION OF BASIC MATERYALU 

Mobile agricultural and transportation ma-

chines are usually used in several regimens 

which are quite different according to their dam-

aging effect upon machine parts. Being informed 

about major damaging effects and regimens 

emerging in their real exploitation, it is necessary 

before defining tests performance to analyze the 

damaging effect of each of item regimens. The 

real range of possible exploitation regimens due 

to damaging effect should be divided into two 

components. One or several extreme regimens 

causing the most intensive accumulation of the 

item’s mechanical failures must be referred to 

quickened regimen during its tests. The rest bulk 

of regimens is referred to the second component, 

i.e. complementary test regimen. Limiting com-

bined test regimen is formed from these two 

components which are emerged in certain pro-

portion. 

Planned quantity of item’s samples for tests 

is divided into some groups. Each group is tested 

in certain combined regimen which differs from 

one another by operating time of the item run-

ning in quickened regimen. Quickening principle 

of tests means that the share of quickened regi-

men is always larger than that in the conditions 

of real exploitation. Each sample is tested until 

mechanical failure emerging or preset limiting 

damage level. The condition of physical similar-

ity of failures must be performed to some extent 

due to the fact that limiting combined test regi-

mens consist of those regimens which emerge in 

the real exploitation. But at the same time physi-

cal similarity of damages must be monitored ac-

cording to their main parameters in order not to 

exaggerate allowable value of share of quickened 

regimen. During tests processes it is necessary to 

ensure sufficiently great quantity of serial 

changes of quickened regimen from complemen-

tary one and vice versa.  

Taking into account said above, tests give the 

possibility of quickened determination or prognosis 

of mechanic dependability measures. It is better to 

use famous linear hypothesis of mechanic failures 

accumulation [1,2,8,9, 16,17,18] which is widely 

used during test and calculations for fatigue test. 

Mathematic formula corresponding to this hy-

pothesis looks like the following: 

,1
2

2

1

1

T

t

T

t
 (1) 

where: 1t  - is the mean component of operat-

ing time to failure emerged in quickened regi-

men; 2t  - the mean component of operating time 

to failure emerged in complementary regimen; 

1 - the mean item operating time to failure 

emerged only in quickened regimen; 2 - the 

mean item operating time to failure emerged 

only in complementary regimen. 

Values 1t  and 2t  characterizes the item de-

pendability during its operation in preset com-

bined regimen, their sum equals certain value of 

the mean operating time to failure. There is 
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geometric interpretation of the ratio (1) due to 

which it should be considered as linear regres-

sive dependence with parameters 1 and 2

which can be found as the result of lifetime tests 

performed in several combined regimens. Each 

of these regimens is characterized by certain 

value of a share of realization of quickened 

regimen in it. 

The results of tests in limiting combined 

regimens are selective mean components of op-

erating time to failure: 
it1
 – in quickened regi-

men and 
it 2
– in complementary regimen which 

correspond to preset values of  share of quick-

ening component in the combined regimen. Test 

quickening is ensured by obligatory conditions 

observing: *

i
, where 

*
 is the mean 

share of quickened regimen during the item real 

exploitation.

Considering (1) as the linear regression 

equation, it can be accepted like orthogonal one 

[6]. Such assumption needs calculations of the 

mean operating time to failure or the mean life-

time in the following consequence: 

* general mean components of operating 

time to failure in quickened and complementary 

regimens are determined due to test results: 

;
1

11

k

i

iitt ,
1

22

k

i

iitt  (2) 

where:
N

ni
i  - "weight"coefficients, 

knnnN ...21  - general amount of 

item tested samples, 

the sum value is calculated 

k

i
iii ttS

1
21

and compared with its derivative 21 tt ,

if 21 ttS , complementary coefficients 

are defined: 

Stt

tttt
k

i

k

i

iiii

21

1

2

2

1

2

1

2

1

2

2

2
, (3) 

21 . (4) 

and then the mean time operating to failure 

in the conditions of real exploitation is predicted 

whereby the formula: 

1*

21 tt
T , (5) 

if 
21 ttS , it means that performed tests did 

not detect damaging action of complementary 

regimen, thus predicted mean operating time to 

failure is determined by the formula: 

.*
1tT  (6) 

Prediction of gamma-percent measures: 

gamma-percent lifetime or operating time to 

failure can be defined by general formula [3]: 

,, tVTT  (7) 

where: tV,  - coefficient which depends 

on reliability function , expected coefficient in 

variation of resource tV  and the kind of reliabil-

ity function distribution. 

The value tV,  for most widely used 

laws of reliability function distribution is calcu-

lated by the following formulae: 

normal distribution 

,1 tVU  (8) 

where: U  - quantile of normal distribution; 

logarithmically normal distribution 
122 1lnexp1 tt VUV .  (9) 

Veibul distribution: 

,
11

1ln
1

b

b

B
 (10) 

where: 137,0
011,0126,1

2

tt VV
b .

In practice the engineer very often does not 

have exact information about expected distribu-

tion type to failure or item useful life in exploita-

tion conditions. Taking into account the possibil-

ity of such uncertainty, from the perspective of 

ensuring granted from exaggerated prognosis of 

gamma-percent measures, it is reasonably to use 

(7) to determine the coefficient this way tV,

to meet the requirement of: 

,,min, tV . Harmonized mean-

ings of this “minimized” by three distributions of 

the coefficient are presented in the Table. They 

depend on the variation coefficient tV  and reli-

ability function .

The analysis of statistic data about the item 

useful life which is similar by design and parame-

ters with its previous analogue can provide us with 

the most faithful information as for the coefficient 

variations tV  which has been exploiting for a long 

time in the same conditions as the item being 

tested. If it is necessary, the data concerning coef-
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ficients value tV  which depend on the machine 

element and damage process type can be found in 

works [10,11,12,14,19]. 

Table 1. nimized coefficient 

VT
, % 

50 80 90 95 99 

0,20 0,981 0,830 0,733 0,647 0,489

0,25 0,970 0,787 0,667 0,569 0,398

0,30 0,958 0,740 0,604 0,498 0,302

0,40 0,928 0,645 0,488 0,374 0,204

0,50 0,894 0,553 0,387 0,274 0,126

0,60 0,857 0,468 0,302 0,199 0,077

0,70 0,819 0,392 0,234 0,142 0,046

0,80 0,781 0,326 0,180 0,101 0,028

0,90 0,743 0,270 0,138 0,072 0,017

1,00 0,693 0,223 0,105 0,051 0,010

Realization of the method described above 

concerning the prognosis dependability meas-

ures due to the results of quickened test is illus-

trated by the following example. Useful time of 

impeller of water ring vacuum pump of the unit 

for individual milking is defined by leftover 

deformation of the polymer creep which it is 

made of. Damage is caused by complex action 

of mechanic load and the temperature influence 

of working fluid upon the blades under specified 

pressure level in the pump. But except specified 

exploitation regimen of operation, the pump 

impeller is running in extreme regimen for some 

time period (nearly 2%) during the pump prepa-

ration for running and its starting etc. Thus, dur-

ing the exploitation two-stage regimen scheme 

of impeller operation is observed. This scheme 

was taken into account during planning and 

conducting quickened tests in combined regi-

mens for determination of the mean gamma-

percent useful life of impeller. Tests were con-

ducted until gaining limited state when left over 

deformation of the blade exceeded minimal 

clearance between impeller and the pump body. 

Four series of tests of impeller blades were 

performed with different time share in extreme 

(quickened) regimen. Obtained data are pre-

sented in the Table 2. 

Determination of values of general mean of 

useful life components gained in quickened 
1t

and complementary regimens 
2t  are estimated 

by the following formulae (2): 

hours147147316,0

141316,0153210,0154158,01t

hours333520316,0

419316,0173210,02t

Table 2

Numb

er of 

blades

ni

Weight

coeffici

ents

Operati

on share 

in

quicken

ed

regimen 

i

Operating time to 

limited state, 

hours. 

Quicke

ned

regimen 

1t

Comple

mentary 

regimen 

2t

3 0,158 1 154 0 

4 0,210 0,47 153 173 

6 0,316 0,25 141 419 

6 0,316 0,22 147 520 

Then the sum S = 48382 and derivative 

4895121 tt are calculated. The condition 

Stt 21  is taking into account that means that 

complementary test regimen was damaging for 

impeller. That is why after sum calculations of 

squares
4

1

2

1 21773
i

ii t
4

1

2

2 147208
i

ii t

whereby formulae (3) and (4) optional coeffi-

cients are defined: 

,77,31
48382489512

33314721773147208 22

.015734,077,3177,311 2

Taking into account that share of pump op-

eration in quickened regimen in real conditions 

of its operation is approximately 2% (i.e. 

02,0*
), prognosis value of mean impeller 

useful time is calculated (5)  

4298
015734,0102,0015734,0

333015734,0147
T hours

Due to findings about the process of damage it 

is possible to accept variation coefficient tV  = 0,2. 

Then, according to data of the Table 1, prognosis 

values of gamma-percent of useful life of impeller 

are calculated for  = 80 and 99%, therefore: 

356783,0429880T  hours, 

2102489,0429899T hours.

Thus, the results of conducted tests display 

that granted with high probability (99%) the 

impeller useful time must exceed 2 thousand 

hours of milking unit operation. Mean time of 

tests was 480 hours. 
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CONCLUSIONS 

The technique of conduction of quickened 

definitive tests of machine elements to depend-

ability in limited combined regimens has uni-

versal character. Due to tests results the tech-

nique allows to apply clear statistic algorithm 

which does not require the usage of preset coef-

ficients of test quickening like the standard [20] 

does. The technique is considered to be perspec-

tive from the point of view of supplying new 

information and improvements of the system of 

the branch standards on dependability of agri-

cultural machinery which is needed during con-

ducting of certification tests. 
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: 1 – -

-

; 2 – -

Fig. 1. The dependence of the coefficient of variation of crop losses from the coefficient of variation 

of the duration of recovery machine: 1 – linear approximation of the dependence of the coefficient 

of the biological potential of plants from the time of the of technological operation; 2 – parabolic 

approximation of the dependence of the coefficient of the biological potential of plants from the 

time of the of technological operation 
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INVESTIGATION OF INFLUENCE OF 

RECOVERY MACHINE DURATION ON 

LOSS OF PLANT PRODUCTION 

Summary. The dependencies of the numeri-

cal characteristics of crop losses (expected 

value, variance, coefficient of variation) from 

numerical characteristics of duration recovery of 

the machine after failure are obtained. At the 

same time take into account the impact of a fail-

ure on the loss of production.

The analysis is performed for linear and 

parabolic dependencies reduce the coefficient of 

the biological potential of plants from the time 

of the of technological operation. 

Key words: plant growing, machine, reli-

ability, failure, duration of recovery, numerical 

characteristics, harvest. 



MOTROL. Commission of Motorization and Energetics in Agriculture – 2013. Vol.15. No 7. 43-48. 

43

.  44, , . E-mail: khstua@lin.com.ua 

Sergei Ovsyannikov 

Kharkiv Petro Vasylenko National Technical University of Agriculture 

St. Artem 44, Kharkiv, Ukraine. E-mail: khstua@lin.com.ua 

. -

, -

. -

.

: , ,

, -

.

: -

-

 [17]. 

-

 (

),

 (

),

 (

), -

, -

 [14]. -

-

,

, -

-

 0,25-0,5 ,

 – 0,25-0,75  [10]. ,

-

.

-

 [11, 15, 16, 18], -

,

.

,

,

,

 [3, 4, 6, 8, 12, 

15, 20]. -

[6, 11]. -

-

,

 [4].

 " - ". -

-

.

.

 " -

"

. -

-

: -

; -

-

;

" - " -

; -

-

.



44

1,8-3,6 /  (0,5-1,0 / )

. -

-

.

:

,  (1) 

:  – , -

,

 – , -

,

 – -

.

-

 ( )  0,5-0,7 /

 2,86 /  1 -

 [2]. 

 3,6 

/ . -

:

 = 2,86+2,64=5,5 / .

 ( -

)

, , , -

.

,

 – ,  – .

-

 [9] . 1. 

, -

 30-39 ,

-

 70 ,

 1990 / ,  1,2 

/ . ,

,

, -

 1,33 

/  0,89 / .

-

-

 [11], :

; -

;

 ( . 1  2) 

.

-

 [5]. 

, -

,

 = 6,86 

/ , ,

,  = 4,98 / . -

:

:

. =5,5+6,86+1,33=13,69 / ,

:

. =2,86+4,98+1,33=9,17 / .

 75 :

. =1027 / =17 / ,

. =670 / =11,17 / .

. 1. :

 – ;  – 

Fig. 1. Dependence of basic exchange of energy on body and age of man weight: a – men;  

b – women 



45

 1. F, ,

VF , v  "

"

Teble 1. Efforts of F, standard deviations of efforts , speed of change of force of VF , standard 

deviation of speed v of v on the barbells of management of walking tractor "Motor-Sich" at motion 

on stubble and dirt road 

F .

,

. .

F ,
,

VF ,

/
v,

/
F , ,

VF

, /
v,

/

 770 176 240 -3,7 134 -72 16,6 -1 64,8 

228 -54 72,6 -1,8 30 1,38 12,3 -0,2 8,5 

-

 ( )

 ( )  ( ). -

 (  1/3) 

 (  2/3) [9]. -

:

.  (2) 

-

 1-3 , . .

. -

-

, -

:

.  (3) 

( )  ( -

) .

-

-

:

- -

: ,

,  7-12  ( -

 15-30 -

);

-

: -

, -

 ( ). -

-

, .

 2-3 

, . .

.

-

,  " " -

-

, -

, -

.

,

.

, -

-

.

:

; -

,

.

, -

!

-

,

-

, -

. -

.

, -

.

-

-

, -

 2-3 .

 20-30 . ,

-

-

. -

 0,1  0,3 -

 ( . 2). ,



46

 30-45 -

 15-20 -

.- . .

-

 [19], -

:

-  ( -

) – 2-5 ;

-  – 0,5-1,5 

-

;

- -

 – 12-48 ;

-  (

) – 12-72 ;

-

 – .

, -

,

-

 0,5 . -

,

, -

-

,

. -

-

 10-15%. 

, -

 15-20 -

 30-40 .

 4 ,

, -

 24 .

, -

, -

,

. -

:

,KKTVB
a

W  (4) 

:  – ; V – 

;  – -

;  – -

;  – -

, - -

,

. .

. -

 (4) -

:

KKTVBW . (5) 

, -

-

, -

:

, (6) 

:  – ,

 – .

-

,

.

:

.

11 , (7) 

:  – -

;  – , -

, / ; .  – -

,

-

.

 2. -

Table 2. Dependence of uptime of man on the stake of anaerobic formation of energy in the general 

system of receipt of energy 

-
0,06 0,1 0,15 0,30 

,
24-45 12-20 8-13 4-6 



47

-

-

.

1. Fiziologia cheloveka : Uchebnik dlya studen-

tov medizinskih institutov / Pod red. Kosizkogo 

G. - . : dizina, 1985. - 544. 

2. Gorchakova N., Gudivok Ya., Gunina L. 

2010. Farmokologia sporta.  pod obsh. red. S. 

Oleynik, L.  – . : Olimp. l-ra, - 640. 

3. Guskov V. V., Velev N. N. , Atamanov Yu. 

E. 1988. Traktory: teoriya: Uchebnik dlya stu-

dentov vuzov po spetsialnosti Avtomobili i trak-

tory» / Pod obshch. red. V.V. Guskova. – M.: 

Mashinostroyeniye, 376. 

4. Guzol O., Kovbasa V., Kurka V. 2011. 

Fizychni rivniannia deformazii gruntu z 

suttevym proiavom vyazkoplastychnyh 

vlastyvostei.  Motrol. Motoryzacja i energetyka 

rolnictva,  Lublin, Tom 13, 145-155. 

5. Keller N., Zvetkov . 2003. O konzepziyah 

razvitiya mobilnoy minitehniki na sovremen-

nom etape. Traktory i sel'skoho-zyaistvennye 

mashyny.,  4, 7-10. 

6. Levin N. 1986. Opredelenie nekotoryh poka-

zatelei vzaimideystvia kolesnogo dvijitelya trak-

tora s pochvogruntom. Traktory i selskoho-

zyaistvennye mashyny.  6,  6-10. 

7. Loveikin V., Romasevich U. 2012. Optimisazia 

rejima razgona odnomassovoi dinamicheskoi 

systemy s integralnymi ogranicheniyami. Motrol. 

Motoryzacja i energetyka rolnictva. Lublin, Tom 

14-3, 158-163. 

8. Malesa V. 2012. Primenenie metoda 

konechnyh elementov v obosnovanii vybora 

parametrov vzaimodeistvia shiny s opornym 

osnovaniem v kontakte. Motrol. Motoryzacja i 

energetyka rolnictva. Lublin, Tom 13. 136-144. 

9. Myshzy. Ih stroenie i rabota. / Rejim dostupa 

do resursa: http://www.hudeika.ru/pitanie-do-i-

posle-trenirovki.html 

10. Ovsiannikov S. 2010. Klassififkazia i 

konzepzia razvitia miniagrotechniki. Visn. nauk. 

praz' KhNTUSG. Vyp. 94. –Kh. : KhNTUSG, 

304-309.

11. Ovsyannikiv S., Marchishak . 2012. 

Issledovania silovogo upravliaushego 

vzaimodeystvia v podsisteme "Operator-

motoblok". Visn. KhNTUSG, vyp. 123 

"Systemotehnika i tehnologiy lisovogo 

kompleksu". – Kh. : 20-26. 

12. Ovsyannikov S. 2012. Issledovanie tiagovyh 

parametrov pnevmaticheskih shyn motoagro-

tehniki na ryhlyh pochvah. Visn. KhNTUSG. 

Tehnichni nauky: vyp. 124 "Mehanizazia s.-g. 

vyrobnyztva", tom 2. – Kh.: 75-80. 

13. Ovsyannikov S. 2013. K voprosu o kachenii 

jestkogo kolesa motoagrotehniki. Visn. 

KhNTUSG : vyp. 136 "Systemotehnika i 

tehnologiy lisovogo kompleksu". Kh, 43-53. 

14. Ovsyannikov S. 2012. Silovoe vzaimodei-

stvie operatora pri upravlenii motoagregatom.  

Visnyik NTU "KhPI", seria : Avtomobile- ta 

traktorobuduvannya.  60. 25-30. 

15. Ovsyannikov S. I. 2013. K voprosu o ka-

chenii zhestkogo kolesa motoagrotekhniki.  

V snik KhNTUSG  136, 43-54. 

16. Ovsyann kov S. . 1997. P dvishchennya

tyagovozch pnikh vlastivostey malogabaritnikh 

traktor v v roslinnitstv . Avtoreferat disertats

na zdobuttya naukovogo stupenya kand. tekhn. 

nauk.  Kh. : KhDTUSG, 20. 

17. Ovsyannikov S., Remarchuk N. 2010. As-

pekty funkzionalnoi stabilnosti sel'skohozyaist-

vennyh agregatov na baze motoblokov. Sil'sko-

gospodarski mashyiny : Sb. nauk. st. – Vyp. 20. 

Luzk : Red.  vyd. viddil LNTU,  234 – 242. 

18. Remarchuk M. P., Kholodov A. P., Muzh 

Ya. V., Bayramashv l  T. T., Ovsyann kov S. .

2010. Stvorennya g dromotor v na osnov  viko-

ristannya standartnikh g dro tsil ndr v.  Nauko-

viy v snik bud vnitstva, - Kh.: KhDTUBA, 

KhOTV ABU, vip. 57, 430-434. 

19. Vosstanovlenie myshechnogo glikogena. 

Pitatelnye veshestva dlya myshz. / Rejim 

dostupa k resursu 

http://meduniver.com/Medical/Physiology/1411

.html MedUniver. 

20. Zolotarevskaya D. 1991. Vliyanie 

vyazkouprugih svoistv pochvy i sil trenia na 

tyagovye svoistva i uplotnyaushee vozdeistvie 

kolesnyh traktorov na pochvu. Traktory i 

selskohozyaistvennye mashyny. 3. 13-17. 

POWER EXPENSES OF OPERATOR AT 

MANAGEMENT OF WALKING 

TRACTOR

Summary. The method of determination of 

expenses of energy of operator is in-process 
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presented at the management of walking tractor, 

execution of work and rest-time time. The ne-

cessity of application of coefficient of participa-

tion of operator is grounded for the calculations 

of the productivity of aggregate. 

Key words: walking tractor, operator, en-

ergy of muscles, productivity of walking tractor. 
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THE STAND FOR RESOURCE TESTS OF DRIVE LINES IN THE CLOSE CIRCUIT 

Alexander Pastukhov 
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Summary. In work the material on devel-

opment of a technical solution of a rational de-

sign of the stand for resource tests of drive lines 

for the purpose of increase of their accuracy and 

reliability by probes of influence of technologi-

cal environments on durability of drive lines is 

presented. 

Keywords: stand, resource tests, toothed 

gearing, conical reducer, drive line, durability, 

contact tension. 

PROBLEM STATEMENT 

Increase of power of power means, in-

crease in working speeds and use of multipur-

pose difficult cars led to growth of require-

ments for reliability of transport and techno-

logical machine (TT ), in communication 

with what probes at design, technological and 

operational stages develop in the following 

directions [13]: 

- improvement and modernization of designs 

for the purpose of increase of reliability and 

material capacity drop; 

 development of new designs of drive gears 

for again created equipment with use of compo-

nents of a modern technological level; 

 improvement of technological processes 

and modernization of technical means of pro-

duction and improvement of the maintenance 

operation and repair (MOR) methods. 

However introduction of the developed 

perspective actions is slowed down by lack of 

high-quality experimental working off of de-

cisions, that is obtaining information, for ex-

ample, about a resource of the restored de-

tails, repaired assembly units and the up-

graded units of equipment for short time. In 

this regard it is necessary to develop and im-

prove means and methods of the bit-by-bit 

accelerated tests for an experimental assess-

ment of a resource of the serial, skilled and 

repaired units, for example, drive lines [6]. 

ANALYSIS OF THE LAST PROBES AND 

PUBLICATIONS 

In the field of probe of reliability of agricul-

tural machinery works devoted to the solution of 

questions of diagnosing of a technical condition 

of transmission [3], modeling of process of en-

suring reliability of difficult technological cars 

[5] and development of methods of forecasting 

of a residual resource of gears of agricultural 

cars [14] are known. However in the presented 

works the attention isn't paid to questions of the 

accelerated methods of probe of operability of 

cars and their units. 

Development of methods for fatigue tests 

TTM studied by I.N. Velichkina, R.V. Kugel, 

L.M. Klyatisa, M.I. Lisova, J.N. Lomonosova 

and others, in which the issues of improving the 

methods of resource and posters of accelerated 

reliability testing, the application of the tests to 

the evaluation of quality indicators of produc-

tion, accelerated-test-reliability of new and re-

paired bathrooms components of vehicles, trac-

tors, etc. Moreover, poster tests on the basis of 

modeling loads acting in the real world, give an 

idea of the true picture of failure of parts [9]. 

The following principles are put in a basis of 

the theory of the accelerated bench tests: justifi-

cation of modes of loading, combination of 

bench tests to the laboratory and field tests, the 

accelerated mechanical tests at the stand without 

and with speeding up of loadings, use of methods 

of calculation of optimum life cycles of cars by 

results of the accelerated bench tests, etc. [15]. 

Practical issues of development of perspec-

tive designs of stands for resource tests for the 

purpose of realization of achievements of the 

theory of the accelerated bench tests are re-

solved now not fully. 

PROBLEM DEFINITION 

Technical solutions on development of 

stands for tests of elements of drive lines which, 

contain the loading and closing toothed gear-
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ings, two propeller shafts, located in parallel 

among themselves and having on two tested 

hinges, and the electric motor bringing into rota-

tion a power circuit, and also measuring equip-

ment and the technological cameras [1, 2, 10] 

installed on shaft are known. 

These stands possess the following essential 

shortcomings: 

- short circuit of a power circuit by toothed 

gearings leads to energy consumption; 

- metal consumption of the stand leads to 

energy consumption when modeling at the stand 

of fluctuations of a corner of a break of cardan 

joints, when modeling real conditions of their 

work; 

- existence of axial considerable efforts in 

sline joints of shaft at change of a corner of a 

break in cardan joints which are absent in actual 

practice;

- low accuracy of results owing to impossi-

bility of carrying out tests in conditions of the 

dusty (technological) environment. 

The specified shortcomings testify to rather 

high energy consumption and the insufficient 

accuracy of bench tests. 

Problem of the real work – development of a 

perspective design of the stand for carrying out 

resource tests for the purpose of an assessment 

of reliability of the serial, upgraded and repaired 

drive lines under operating conditions, taking 

into account drop of expenses of energy and 

increase of accuracy of tests. 

STATEMENT OF THE MAIN MATERIAL 

Bases of development of stands with the 

closed power circuit are put in works of em-

ployees NATI, NAMI, VISHOM and VNIIPP 

however developed by them stands possess 

small durability of technological toothed gear-

ings, incomplete modeling of modes of loading 

and the technological conditions, raised by an 

expense of the electric power and a material 

capacity. 

Proceeding from the revealed shortcomings 

of designs of existing stands [1, 2, 10] and on 

the basis of the principles of the theory of the 

accelerated bench tests in relation to TTM drive 

lines the skilled design of the stand with short 

circuit of a power circuit by one technological 

toothed gearing with reduction ratio equal to 

unit [11] was developed. Further modernization 

of the stand (fig. 1) is directed on its equipment 

by a technological chamber with possibility of 

creation of a steered electrostatic field [12]. 

Distinctive feature of mechanical part of the 

mentioned stand with a technological chamber 

is existence of an one-stage conical reducer with 

reduction ratio equal to unit in the form of tech-

nological drive which is located coaxially with 

the tested drive line, forming the closed power 

circuit (fig. 2). 

The offered stand contains minimum possi-

ble number of gear gearings for short circuit of a 

power circuit that will allow to realize at tests of 

drive lines the major operational loading factors 

with the minimum expenses of energy. The in-

creased radial sizes of tooth gears of a reducer 

in comparison with the radial sizes of joints of 

the tested drive line, at the same torque in a 

power circuit, allow to reduce considerably ef-

fort in a gears mesh, having provided its big 

durability in relation to the tested drive line. 

Technological process of resource tests at the 

stand is carried out as follows. By means of a 

clutch 7 load the drive line 9 with the twisting 

moment which becomes isolated in a power cir-

cuit it is transferred through a conical reducer of 

wheels 5 and 6. The size of a corner of a break of 

hinges of the tested drive line 9 is defined by a 

corner of traverse of shafts of shaft 3 and 8. The 

electric motor 1 provides rotary movement 

through a clutch 2 and a shaft 3 located in a bear-

ing part 4, the tested drive line 9. 

Except basic elements the stand contains the 

technological camera 10 located between tech-

nological gear wheels 5 and 6 which by means 

of elastic insulators 11 is installed on the men-

tioned technological tooth gears 5 and 6 and 

covering a zone of an arrangement of the tested 

drive line 9. In a body of a main shaft 8 the axial 

port from which one party are established the 

fan 12, the accumulator 13, the adjustable gate 

14, connected by the pipe duct 15, and from 

other party the valve 16 located in the camera 

10 is executed. The conductor 17 connects the 

tested drive line 9 through a stand metal con-

struction, an adjuster 18, the power supply 19 

and probing devices 20 to the technological 

camera 10. The mentioned technological camera 

10 can be executed from a conducting elastic 

material or with an internal conducting cover-

ing.
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Fig. 1. The kinematic scheme of the stand for 

test of drive lines in the technological camera 

(RU 2205377) 

Fig. 2. General view of details of a power circuit 

Preparation of the technological environ-

ment carry out by means of a bookmark in the 

accumulator of 13 necessary components in 

demanded quantity and their hashing with air by 

means of the fan 12. Then by means of the ad-

justable gate 14, the pipe duct 15 through a 

main shaft 8 and the valve 16 enter part of con-

tents of the accumulator 13 into the technologi-

cal camera 10. Operations of preparation of the 

technological environment and its introduction 

in the mentioned camera 10 can be carried out 

both at the disconnected stand, and in the course 

of tests, varying structure and concentration of 

components of the technological environment. 

For active influence on particles of the techno-

logical environment being in the active techno-

logical camera 10, give tension on a metal con-

struction of the stand and an elastic mantle of 

the mentioned technological camera 10. By 

means of an adjuster 18 and measuring instru-

ments 20 establish and supervise the size and 

the direction of an electrostatic field in a zone of 

the technological camera 10. 

Existence of the accumulator of the techno-

logical environment and its joint with space of a 

technological chamber by means of the con-

structive and technological elements executed in 

details of the stand, allows to vary structure and 

concentration of components of the technologi-

cal environment in the course of tests with a 

research objective of influence of various com-

ponents of the technological environment on 

operability of object of tests. 

Application of elements and tools for an ad-

justable electrostatic field in a zone of a techno-

logical chamber gives opportunity to steer proc-

ess of influence of particles of the technological 

environment on tested object by countersteering 

to inertia forces forces of the electrostatic field 

regulated both in size, and in the direction. Such 

action can provide, for example, pushing away 

of particles of the technological environment 

from walls of a technological chamber in coun-

tersteering to inertia forces, and the purposeful 

accelerated movement of particles of the tech-

nological environment from the periphery of a 

technological chamber to tested object can be 

considered as a factor toughening a mode of 

tests. Thus, use of the offered stand will allow to 

increase the accuracy of results and to expand 

possibilities of bench tests of drive lines and 

their elements. 

The main problem of strength of the stand is 

design of technological drive for the purpose of 

determination of the demanded radial sizes of its 

bearing components from a condition of equal-

ity of torques in drives which (index T) and 

tested (index I) of drives follows from the con-

structive scheme of a power circuit with a coax-

ial arrangement technological. In this regard for 

this power circuit we have: 

wIIrI
m

t LHF
d

F
2

,

where: FrI – radial force in bearing mount 

assemblies, N; HI – distance between butts of 

thorns of a crosspiece, mm; LwI – length of a 

needle roller, mm; FtT – district force in the 

toothed gearing, N; dmT – the average delitelny 

diameter of a tooth gear, mm. 

Comparison of sizes of efforts in a power 

circuit for the accepted constructive parameters 

of the drive line allows to claim that district 

force in the toothed gearing makes 57% from 

the size of the radial force operating on a bear-

ing mount assembly of the tested cardan joint. 
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The main reason for failure of bearings and 

toothed gearings is fatigue failure of a blanket 

of a material of thorns of a crosspiece and the 

teeths, resulting influence of sign-variable con-

tact tension. In this regard the equation of inter-

relation of load parameters of technological and 

experienced drives on the basis of the equation 

of curve fatigue looks like [4]: 

constLL hI

m

HIh

m

H
I ,

where: H , HI – contact tension in contact 

piece of details of technological and experi-

enced drives, MPa; LHT, LHI – durability of de-

tails of the specified drives, h; mT, mI – expo-

nents of curve fatigue of a materialov. 

Contact tension in a cardan a bearing mount 

assembly at initial linear contact piece defined 

on the basis of a formula [4] 

35,0
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where: T – a given torque, Nm; K – loading 

coefficient; i – number of ranks of bodies of 

swing; Z – number of needle rollers among the 

bearing;  – a contact piece corner, a hail; l – 

length of a contact platform equal to length of a 

roller, mm; Dw – diameter of a needle roller, mm; 

D0 – the average diameter of the bearing, mm. 

Contact tension on working surfaces of 

pryamozuby conical wheels we determine on 

the basis of calculation of equivalent cylindrical 

wheels [4] 

udkk
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ZZZ

ebebe

H
HH 3

1

3

1

1085,3
,

where: ZE – the coefficient considering me-

chanical properties, 
0,5

; ZH – the coefficient 

considering a form of interfaced surfaces of 

teeths; Z  – the coefficient considering total 

length of contact lines; KH – coefficient of in-

crease in rated voltage;  – coefficient of kick-

down of bearing ability of conical drives; kbe – 

coefficient of width of a ring gear; de1 – the ex-

ternal delitelny diameter of a gear wheel, mm;  

u – reduction ratio. 

Comparison of calculated values of contact 

tension in elements of technological and experi-

enced drives shows a underloading of the first 

by 7,6 time. 

The resource of the drive line is defined by 

durability of bearing mount assemblies [7] 

165,3

9
7

27
29
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6102,2
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L ,

where: fc – coefficient of geometry of details 

of the bearing, accuracy of their production and 

a material;  – a corner of a break of the hinge, a 

hail;  – an initial radial play in bearing mount 

assemblies, micron; n – rotary speed of the drive 

line, min
-1

; Kd – dynamism coefficient. 

Comparison of settlement durability of tech-

nological and experienced drives in the range of 

loading of the drive line shows that the durabil-

ity of technological drive exceeds durability 

tested almost in 4,5 million times that allows to 

increase number of the tested objects by one set 

of technological drive. 

CONCLUSIONS 

1. The modern system of experimental 

working off of perspective decisions on units of 

mechanical transmissions has to be based on the 

resource accelerated bench fail-safe tests. 

2. The proposed technical solution is per-

spective from the point of view of realization of 

mechanics of a power circuit and expands the 

range of modeling of test conditions at increase 

of their accuracy and reliability. 

3. Analysis of technical advantages and 

mathematical confirmation of operability of the 

stand testify to the high potential of its use in 

the conditions of resource fail-safe tests. 
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,

, . 1 - 3. 

-

( ). 

 Di, ,

 (Gi). -

,

 0,95. 

 1. 

Table 1. Fatty acid composition vegetables oils 

-

, % 

-526 (0:0) -1 -1 -1

 3,6 3,9 6 1,7 11,43 

 0,2 0,2 - - 0,82 

 3,3 2,0 3,5 1,7 2,27 

88,8 65,3 32,5 4,6 77,05 

 2,2 19,0 50,3 6,4 6,63 

 0,2 8,6 7,7 1,2 0,57 

 0,5 0,37 - - 0,26 

 1,0 0,28 - - 0,11 

 - 0,35 - - 0,4 

  - - - 84,4 - 

 - - - - 0,35 

 - - - - 0,11 

 2. -

Table 2. The comparative characteristic working fluids on the physical and chemical indicators 

- -

-

46

Shell HF-E 

46

Shell

HF-R 
-526 (0:0) -1 -1 -1

-

 40/100º ,
2
/

(  33-82) 

41,4-50

6

46

9,1

35

8,1

42

8,9

37,1

9,1

44

8,5

47,2

9,5

39,1

8,3

 (

25371-82)
50 - 90 150 162 153 165 146 150 154 

,
0

(  4333-87) 

190 219 186 225 230 225 275 205 

, /
3

15º  (  51069-97) 
895 919 925 913 919 925 970 918 

(  6321-92) 
1  1  1  1  1  1  1  1

-

, º
-32 -51 -36 -20 -10 -15 -16 -6 

,

 (  23175-

78)

19 29 27 24 25 22 21 26 
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Fig. 1. Dependence of the mean square devia-

tion antiwear indicator Di
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. 2. 

Fig. 2. Dependence of the mean square devia-

tion critical load 

. 3. 

Fig. 3. Dependence of the mean square devia-

tion weld load 
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Table 4. The materials of which were manufactured experimental samples tribosystem 

 40  –  14-143-498-97  52-56 HRC 

 58-2-2-1-1  48-21-356-74 HRB>80 

 58-3-1,5-1,5-1  184570-106-037-97 HRB>80 

15 - -  801-78 56-62 HRC 

 58-2-2-1-1  48-21-356-74 HRB>80 

 500-3  3925-99 50 -56 HRC 
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Table 4. Rate of wear of model tribosystems 

-

-46
Shell HF-E 

46
Shell HF-R 526 (0:0)

I, /

 10,9 8,7 9,1 9,3 9,5 

5,1 4,01 4,1 4,35 4,6 

29,2 22,1 22,9 24,7 25,1 
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LUBRICANTS AND WORKING FLUID 

Summary. The article discussed prospects 

of using vegetable oil as a basic raw material for 
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and synthetic. Determined the rate of wear 
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Fig. 1. Experimental pointed paw with curved 

blades with lower local strengthening (bottom 

view)
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Fig.2. Cultivator paw firm «Case» a curved ser-

rated blade with lower local strengthening (bot-

tom view) 
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Fig. 3. Location of control points in the investi-
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Fig. 4. Dependence of wear cultivator feet along 

the length of the blade: 1 - experimental paw 

with curved blade, 2 - serial paw 
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Fig. 5. The nature of deterioration in the 

clutches of control points: a - experimental paw; 
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CONSTRUCTING AN OPTIMIZATION 

PROBLEM OF THERMAL PROCESSES 

AT LASER DISTRIBUTION EMBRYOS IN 

ANIMAL 

Summary. Considered the formalization 

and analysis features of the optimization prob-

lem of thermal processes in laser dividing early 

embryos in animal breeding. The main criterion 

for the quality of the process is not exceeding 

the temperature field given values that ensure 

temperature stability (sustainability) the em-

bryo. Referred to in Article particular optimiza-

tion problem of choice of working parameters 

for hardware laser dividing embryos suggest 

that rely on obtaining a precise solution is not 

necessary. It is concluded that it is appropriate 

based on the characteristics of the research ob-

ject and simplifying restrictions, without losing 

the main objective solution to ensure the quality 

of the process, consider the possibility of the use 

of approximate methods for the synthesis of the 

main parameters of the laser division of the em-

bryo of cattle. 

Key words: biotechnological processes, 

livestock, cattle embryos, laser division, thermal 

stability, optimization problem. 
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Table 2. Characteristics of the structural units of the service enterprise 
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FACILITIES SERVICES IN AIC UKRAINE 
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Table 1 - Splitting into classes according to the length of the fragments in the martensite plates, 
steel parts 60PP after low tempering 

,
,

, % , % 

1 0 0 – 0,02 0 0 
2 2 0,02 – 0,04 3,08 1,14 
3 29 0,04 – 0,06 44,62 30,08 
4 26 0,06 – 0,08 40 45,04 
5 7 0,08 – 0,1 10,77 20,88 
6 1 0,1 – 0,12 1,54 2,85 
7 0 0,12 – 0,14 0 0 
8 0 0,14 – 0,16 0 0 
9 0 0,16 – 0,18 0 0 

10 0 0,18 – 0,2 0 0 
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Fig. 3. Histograms of the distribution of fragments along the length of the martensite in the working 
part of steel parts 60PP after low tempering: a) the proportion of the number, and b) the proportion 

by weight 
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Table 3. Structural characteristics 60PP carbon structural steel in various modes of heat treatment 

,
-

-
-

-

.,
%

-
,

RC

--
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-

-
,

8
+

6 40-50 - 57 
-

,
 4 

8
+

4 10-50 - 56 
-

,
 3 

8
+

3 40-70 
-

54

-
,

 2-3, -
-
-

12
+

4 5-50 - 58 

-
,

 4, -
-
-

6
+

4 30 - 60 6-10 60 
-

,
 4 

 4.  60
Table 4. Test Results hardened steel three-point bending 60PP 

-

,

-

,
, ,

04/850/  11,93 7,59 50 3022,5 

05/800/  11,92 7,92 50 2796,4 

1 /800/+  9,75 8,05 50 3803,3 

2 /850/+  9,46 8,62 50 4433,6 
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Fig. 4. Structure of the hardened layer of the sample were 60PP 

a) The map of the distribution of grain sizes, and b) a histogram of the grain size distribution, and c) 
the grain boundaries with misorientation angles of more than ten degrees, and d) the grain bounda-

ries and fragments - subgrains with misorientation angles of more than two degrees 
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MODIFICATION OF THE STRUCTURE 

AND MECHANICAL PROPERTIES OF 

STEEL LOWER HARDENABILITY AT 

PULSE HARDENING LIQUID COOLING 

Summary. The article presents information 
on the microstructural details of the structure of 
the hardened working parts from low carbon 
steel hardenability. Found that the use of pulsed 
cooling and hardening of low holiday provides 
steel products with a bulk nanocrystalline struc-
ture, the basis of the strength and wear resis-
tance. 

Key words: steel, toughness, wear 
resistance, nanocrystalline structure. 
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THE VIBRATION SEEDCLEAN 

MACHINE FOR CLEANING AND 

SORTING SEEDS OF THE 

AGRICULTURAL CULTURES 

Summary. A new method of cleaning and 

sorting seeds of agricultural cultures on com-

plex of physical-mechanical properties is de-

scribed: to the resiliency, roughness and form of 

seeds. A mathematical model of motion of par-

ticles on the working organ of vibration seeds 

clean machine in which the developed method 

of separation realizations is led. Seminal mix-

tures are indicated, division of which effectively 

on machine. 

Key words: vibration seeds clean machine, 

seeds of agricultural cultures, cleaning, sorting, 

mathematical model. 
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TO THE APPLICATION METHODS OF 

CONTINUUM MECHANICS TO 

DESCRIBE THE MOTION OF GRAIN 

MIXES ON VIBRATING SIEVES 

Summary. We have investigated the appli-

cation of the methods of continuum mechanics 

for modeling the dynamics of grain mixes on 

the sieve surfaces with the periodicity of the 

holes.

Key words: grain mixture, sieve, vibration, 

separation.
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CALCULATION OF COEFFICIENTS OF 

AERODYNAMIC FORCES AND 

MOMENTS, OPERATING ON SEED OF 

VEGETABLE CULTURES IN BLAST, BY 

METHOD OF FLAT SECTIONS 

Summary. In hired the order of calculation 

of coefficients of aerodynamic forces and mo-

ments, operating on the seed of vegetable cul-

tures in a blast, is expounded, by the method of 

flat sections. The algorithm of calculation of 

aerodynamic forces and moments is made by 

the method of laying out of grain on elementary 

aerodynamic profiles. 

Key words. Aerodynamic forces, aerody-

namic moments, blast, algorithm. 
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SUBSTANTIATION OF THE PROCESS OF 

GRAIN MIXTURE SEGREGATION 

SEPARATED BY VIBROCENTRIFUGAL 

SIEVES 

Summary. Regularities of the grain mixture 

segregation on internal surface of a cylindrical vi-

brocentrifugal sieve have been investigated in the 

article. Values of porosity and gradient of mixture 

speed providing the greatest efficiency of the se-

gregation have been determined. Constructional

parameters of looseners of  vibrocentrifugal grain 

separators have been substantiated. 

Key words: segregation, grain mixtures, 

looseners, porosity, speed, vibrocentrifugal se-

parators. 
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MATHEMATICAL SIMULATION OF THE 

TENSE STATE OF FRUIT OF TOMATO 

AT VERTICAL SQUEEZING  

Summary. The aim is to study the mechan-

isms of damage to tomato fruits during transpor-

tation and storage. The methods of the theory of 

plasticity and limit equilibrium of continuous 

media. Tomato fruits are regarded as spherical 

body modeling, consisting of the continuous 

medium is characterized by specific weight of 

plastic and a constant external friction. In this 

problem the model body is rigid, flat on a hori-

zontal surface and is pressed against it in the 

same warp. In this study the state of stress and 

deformation of the model of the body. 

Key words: tomato fruit, plasticity, contact 

patch, stress, strain, interaction, a quasi-linear 

system of equations of hyperbolic type, charac-

teristics, value, the derivative. 
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DERIVE THE EQUATION FOR 

DETERMINING THE LOADS EMERGING 

FROM THE EXTENT OF ORGANIC 

FERTILIZER DURING THE FORMATION 

OF ROLL 

Summary. The article is part of a series of 

publications on the development of the mathe-

matical model of the process of formation of the 

roll of organic fertilizer with the rake. Organic 

fertilizers are considered as a powerful plastic 

medium. In the model is based on the theory of 

plasticity plastic media and limit equilibrium of 

connected environments. Using the results of 

previous authors is the mathematical expres-

sions for the integral values of normal and shear 

stresses acting on the grounds of general posi-

tion, oriented parallel to the axes of the Carte-

sian coordinate system. 
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Table 1. Comparative descriptions of types of coverage of a knives 
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MATHEMATICAL MODEL OF MOTION 

OF INTERACTIVE SEED ON SLOPING 

VIBRATING SURFACE AND NUMERAL 

METHODS OF DECISION OF SYSTEMS 

OF KINEMATICS EQUALIZATIONS 

Summary. In the real work the mathemati-

cal model of motion of seed is offered on a slop-

ing vibrating surface taking into account their 

co-operation and the methods of numeral deci-

sion of the systems of kinematics equalizations 

are worked out. 

Key words: division of seed, vibrating un-

perforated friction plane, mathematical model 
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AUTOMATION OF TECHNOLOGICAL 

PROCESSES OF SUGAR PRODUCTION 

ON THE BASIS OF INTELLECTUAL 

APPROACH

Summary. In work problems of increase of 

efficiency of sugar production are considered. 

Features of the difficult technological processes 

proceeding by production of sugar, bring to 

search and application of modern intellectual 

automated process control systems. Approach of 

adaptive management by difficult technological 

processes of sugar production in combination 

with methods of the theory of artificial neural 

networks is offered. 

Key words: automation, control system, 

mathematical model, dynamic nonlinear object, 

artificial neural networks. 



MOTROL. Commission of Motorization and Energetics in Agriculture – 2013. Vol.15. No 7. 150-155. 

150

-

.  44, , . E-mail: khstua@lin.com.ua 

 Artiomov 

Kharkiv National Technical University of Agriculture named Petro Vasylenk

St. Artem 44, Kharkiv, Ukraine. E-mail: khstua@lin.com.ua 

. -

-

-

-

( ) -

. -

-

-

,

.

: -

, , -

, .

-

-

- -

, . -

-

. , -

, -

,

-

.

.

.

-

,

- ,

, -

.

-

, -

-

 [12,17]. -

,

, ,

. -

, -

, -

, -

[5,9,14,20]. -

-

,

.

-

-

[3,11]. -

-

-

, -

. -

-

, -

 [4,5]. 

-

-

-

, -

-

 ( ). 



-

151

-

:

 - 

, -

-

;

-

-

.

-

-

.

-

-

. -

-

, .

-

. -

,

[4,15,18]. -

,

, -

- , -

. .

-

,

-

 ( , -

) -

.

,  [1,6,7], -

, ,

. -

-

, -

.

-

 "  –

 – " -

-

. -

-

 [8]. -

, ,

. -

-

. -

-

.1.

 [2] -

, -

. -

-

: 1–

2  – -

( . .1.). 

. ,

1

2 , -

 (0, t). 

-

. 1

2 -

, -

.

111 ,  , 222 , .

-

, -

-

.

 [10], -

1 -

1 2 :



152

. 1. -

Fig. 1. Scheme dynamic model U sensor and location of test set 
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. 2. 

Fig. 2. Figure calculated depending on the angle of deviation of the tractor 
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. 3. 

Fig. 3. Figure calculated based deflection tillage tools 
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DEFINITION OF MACHINE-TRACTOR 

UNITS MOTION CONTROLLABILITY 

AND STABILITY BY MODELING OF 

PARTIAL ACCELERATING 

Summary The article is devoted to presen-

tation of a method for determining the deviation 

angles of tractor and agricultural machinery 

during machine-tractor units (MTU) and their 

impact on the execution of farming operations. 

The using of modern devices and calculation 

methods makes it possible to choose the optimal 

solution for the calculation and completion ma-

chine-tractor units and reduce operating costs.

Key words: machine-tractor unit, dynamic 

parameters, control, partial acceleration. 
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MODELLING OF MOBILE VEHICLE SKID IN TRACTION MOVEMENT MODE 

Dmytro Klets

Kharkiv National Automobile and Highway University

Petrovskogo st, 25, Kharkov, Ukraine,  E-mail: admin@khadi.kharkov.ua

Summary. In the paper, a mathematical 

model assembling a "driver - mobile vehicle - 

road environment" system and capable of simu-

lating the process of mobile vehicles skid in 

traction movement mode is proposed. The usage 

of non-linear drift models allows the develop-

ment of efficient algorithms for mobile vehicles 

dynamic stabilization systems.  

Key words: mobile vehicle, skid, stability, 

traction, acceleration, drift. 

INTRODUCTION

The traction loss between the vehicle and 

the road and skid is a reason of significant num-

ber of road accidents nowadays [2, 3, 6, 7, 9, 10, 

16]. 

The creation of reliable and secure mobile 

vehicle involves the development and simula-

tion of relevant mathematical models during the 

initial design [13, 14, 18] and in the course of its 

operation. The usage of non-linear models of 

the mobile vehicle skidding allows to estimate 

the influence of "driver - mobile vehicle - road 

environment" (DMVRE) system parameters on 

its movement, and to develop efficient algo-

rithms for dynamic stabilization systems. 

PREVIOUS WORKS AND PUBLICATIONS  

The design of an adequate model of the mo-

bile vehicle during skidding is impossible with-

out taking into account the interaction of elastic 

wheel with the ground. Several publications like 

[1, 8, 11, 20] are devoted to modeling of the tire 

contact with a road. 

The authors of [11] have considered the 

process of elastic wheel moving after a sudden 

decrease of friction coefficient and vehicle full 

slip. The resulting dependence of the wheel li-

near and angular velocities, as well as its slip on 

the time allowed to determine the time of the 

wheel axle linear velocity fall from the initial 

value to zero. The authors of [17] have noted 

that the common experience of externally-

mounted tractor facilities operation concurs the 

fact that tractors are predisposed for intensive 

oscillations of vehicle body during its normal 

operation.

In the work [15] it is indicated that the effec-

tive mobile vehicle skid damping is possible by 

means of automatic devices usage with large 

processing speed compared to the driver. The 

mobile vehicle dynamic stability systems use 

the possibility of side-by-side separate braking 

the wheels of various boards of mobile vehicles 

to create a stabilizing moments.  

In the work [19], the linear and non-linear 

models of the skidding process are developed, 

considering the case of a vehicle braking. To 

obtain a plot of mobile vehicle line speeds the 

method of determining its instantaneous center 

of velocity (rotation) is proposed. The authors 

of this work accepted the hypothesis that the 

projection of a point of velocity center on the 

longitudinal axis of all-wheel drive mobile ve-

hicle is outside the base (in front of the front 

axis). Otherwise, the front axle must slide later-

ally toward the center of rotation O. With all the 

wheels locked when the mobile vehicle has the 

kinetic energy, the front axle will tends to keep 

its stable run.  

However, the issues of mobile vehicle mo-

tion modeling during skid in the traction mode 

require some additional research.

THE OBJECTIVE 

The aim of the research is to determine the 

angular acceleration of the mobile vehicle in the 

plane of the road, depending on its geometrical 

properties, the road surface traction rate, the 

linear and angular velocities of the mobile ve-

hicle, as well as the wheel slip angles. 

To achieve this goal it is necessary to com-

pile and examine the differential equations of 

mobile vehicle plane motion during drift in the 

traction mode. 

THE SKID MODELLING 

Fig. 1 is a diagram of the forces acting on 

the rear-drive mobile vehicle in the process of 

skidding when driving in traction movement 

mode.
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Fig. 1. The diagram of the forces acting on the rear-drive mobile vehicle during skidding in traction 

movement mode 

The parameters on Fig.1 are as follows: 

1f
P  – rolling resistance of front driven wheels, 

1  – side slip angle of the front axle, 

1
R  – the total lateral response to the front axle, 

1XWP  and 
1YWP  – are longitudinal and lateral 

components of the air resistance force, 

 – mobile vehicle course angle, 

a and b – the distance from the front and rear 

axle, respectively, to the projection of the mobile 

vehicle center of mass on a horizontal plane, 

L – mobile vehicle longitudinal wheelbase. 

Vector BR  of overall reaction in the plane 

of the road on the rear axle is collinear to the 

relative speed of the rear wheels slip, BV  but 

oppositely directed [19] (see Fig. 1). 

The vector BV  is the sum of two vectors: [12] 

,/OBslipB VVV   (1) 

where: slipV  – drive wheels slipping speed. 

,1 circxXcircslip VSVVV  (2) 

circV  – the peripheral speed of the wheel, 

/B OV  – linear velocity of the point B with re-

spect to the instantaneous rotation center O (see 

Fig. 1), 

xS  – the relative slippage of the drive wheels. 

.1 11
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V
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V

V
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The angle between the BR  vector and Y1

axis [12]: 

.
1 x
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The system of differential equations describ-

ing the motion of a mobile vehicle, in this case, 

is the following: 
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where: zcI  – moment of inertia of the mobile 

vehicle relative to the vertical axis passing 

through the center of mass [5], 

z  – angular velocity of the mobile vehicle 

in the plane of the road, 

am  – weight of the mobile vehicle, 

2

1

2

dt

xd
,

2

1

2

dt

yd
 – linear acceleration of the mo-

bile vehicle, respectively, in the longitudinal 

and transverse planes. 

Acceleration of the mobile vehicle along the 

axes 1OX  and 1OY  are defined as: 
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where: k
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c aa ,  – normal and tangential com-
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ponent of acceleration of the mobile vehicle 

center of mass, 

C  – the angle between the vector 
n

c
a  and 

axis 1OY :

.

1

1

X

z
C

V

a
tgtg   (10) 

The normal and tangential component of acce-

leration of the mobile vehicle center of mass: 

C

Xzn

c

V
a

cos

1 , (11) 

.
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Xzk
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V

dt

d
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After substituting equations (11) and (12) into 

the system of equations (8) and (9) we get by:(10) 
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Using the expressions (13) and (14) the sys-

tem of equations (5)-(7) takes the form: 
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Solving equations (16) and (17), we define 

the angular acceleration of the mobile vehicle: 
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where: iz – radius of inertia of the mobile 

vehicle relative to the vertical axis,  

.
a

zc
z

m

I
i  (19) 

Total vertical reaction in the plane of the 

road wheels on the rear axle during traction 

movement mode: 

,
2 L

rh
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L
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P

L

a
gmR j

w

waz (20)

where: jP  – the force of inertia; wh  – the 

height of the center of aerodynamic pressure. 

Assuming the turning point of the air resis-

tance force is zero (metacentre position coincides 

with the position of the center of mass), let hw h.

Total tangent reaction of the road in re-

sponse to the rear axle can be determined from 

the expression: 

,
2zB RR  (21) 

where:  – coefficient of grip. 

Substituting the relationship (13) and (20) 

into (21): 
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After substitution of (22) in (18) we finally 

obtain
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 (23) 

where: B rhcos .

Air resistance force WP , as well as other 

components of the resultant aerodynamic forces 

and moments increase as a square of the veloci-

ty of the mobile vehicle [4]: 

2

21
VFcP XW X

, (24) 

2

21
VFcP YWY

, (25) 

where: Xc  and Yc  – drag coefficient in the 

longitudinal and transverse planes, 

F – the projected area of the mobile vehicle 

on a plane perpendicular to the longitudinal axis, 

 – the density of the ambient mobile vehi-

cle air. 

The skid damping is possible with 0
dt

d z .

Fig. 2 shows the angular acceleration 

dt

d z
z  of conventional rear-drive mobile 
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vehicle in the plane of the road from some of 

the parameters of DMVRE system.  

Parameters and conditions of the mobile ve-

hicle are the following: a = 1,2 m;  

L = 2,5 m; kF = 0,58 Hs
2
/m

2
; h = 0,5 m;  

r  = 0,29 m;  = 1,22 kg/m
3
; iz = 1,3 m;  

m = 1500 kg; g = 9,81 m/s
2
.

Analysis of Fig. 2 shows that the growth of 

the initial skidding speed of mobile vehicle z

increases, and with increasing of slip angle z

is reduced. Reduction of the grip rate, increasing 

of angular speed rate and relative slippage of the 

drive wheels increase z .

During rear-drive mobile vehicle skidding 

that moved at speeds below 
stabXV  (see Fig. 2a, 

2b, 2d), at the initial introduction, a negative 

acceleration, stabilizing angle on the mobile 

vehicle is arises. 

This fact indicates the presence of self-

sustainability ("immunity") of mobile vehicle 

against skidding. If the skidding of mobile vehi-

cle, moving at speeds above 
stabXV , their own 

stability is not enough to stabilize, so the driver 

must intervene or the stability system needs to 

be triggered. 

For the simulated mobile vehicle (Fig. 2a) 

stabXV  = 0...24 km/h with z  = 0,1 s
-1

, depend-

ing on the tire slip angles.

So, using the relation (23) it’s possible to de-

termine the limiting values of the DMVRE pa-

rameters on condition of mobile vehicle stability. 

Fig. 2. Dependence of the rear-wheel mobile vehicle angular acceleration of in the plane of the road 

from some of the parameters of DMVRE system: a – dependence )(
1Xz V  at  = 0.1 s

-1
;

b – dependence )(
1Xz V  at z  = 0.01 s

-1
; c – dependence )(z  at z  = 0.2 s

-1
, d – dependence 

)(
1Xz V  at z  = 0.5 s

-1
; e – dependence )( zz  at various angles of diversion,

f – dependence )( xz S  with different slip angles; Fig. 2c, 2d and 2e have the following designa-

tions: – 
1XV  = 5 m/s, --- 

1XV  = 20 m/s, 
1XV  = 35 m/s 
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CONCLUSIONS 

1. With the growing of initial skidding 

speed of mobile vehicles their angular accelera-

tion in the plane of the road z  increases, and 

with slip angle increasing z  is reduced. Re-

duction of the grip rate, increasing of angular 

speed rate and relative slippage of the drive 

wheels increase z .

2. The dependences obtained allow to de-

termine the velocity intervals 
stabXV . which can 

achieve the negative acceleration at the initial 

skid moment, stabilizing the vehicle trajectory. 

As mobile vehicle is drifting at speeds above 

stabXV , its own stability is not enough to stabil-

ize, so the driver must intervene or the stability 

system needs to be triggered. For the studied 

mobile vehicle 
stabXV  = 0...24 km/h with z  = 

0,1 s
-1

, depending on the tire slip angles. 
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THE THEORETICAL ANALYSIS OF 

VIBRATIONS PENDANT SEAT OF 

TRACTORS CLASS 3 N WITH 

NONLINEAR DESCRIPTIONS 

Summary. In-process, on the basis research 

of parameters of vibroisolating pendant seat of 

operators of tractors class 30 kN at harmonious 

and polyhaploid actions, the choice of rational 

combination of sizes of basic parameters of 

pendant - eigenfrequency and inflexibility of 

resilient element is reasonable. Such variant of 

pendant allows to provide the high level of vi-

broisolating qualities, providing stability of de-

scriptions here. 

Key words: tractor, seat, pendant, parame-

ters, vibroisolation. 
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Fig. 2. Dynamic model tractor with articulated connected frames 
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Fig. 3. Tractor speed 
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Fig. 4. Wheel speed 
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Fig. 5. Wheel slip: 

1 – front: 2 – rear 
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Fig. 6. Normal force on wheel: 
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Fig. 7. Tangential force: 

1 – front: 2 – rear 
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THEORETICAL STUDY OF DYNAMICS 

WHEELED TRACTOR CLASS 30KN

Summary. In this work prepared dynamic 

and mathematical model wheeled tractor class 

30kn type -17022 from the hinge connec-

tion frame. The model allows to investigate the 

dynamics of the tractor-functioning during acce-

leration, constant re-bench and run-down. Ana-

lyzed the motion tractor with constant load. 

Numerical value slipping during acceleration 

engines tractor are calculated. 

Key words: tractor, dynamic model, mo-

tion, acceleration, force, pressure, velocity. 
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PNEUMATIC SEPARATOR FOR 

CLEANING AND SORTING OF SEEDS OF 

VEGETABLE CULTURES 

Summary. We obtain an analytic solution 

of the simplified nonlinear differential equations 

of motion of a material point in inclined flat 

channel pneumatic separator. 

Given the results of laboratory and industrial 

tests of the pneumatic separator with angled air 

channel.
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INCREASE OF THE PRODUCTIVITY 

OF OSCILLATION MACHINE FOR 

SEPARATION OF SEED WITH THE 

UNPERFORATED WORKERS PLANES 

Summary. The paper considers the possibil-

ity of increasing the productivity of vibration 

machine for cleaning the seeds by changing the 

mode of movement on the working plane. In 

order to provide the necessary parameters for 

shock vibration mode of movement of seed was 

designed vibrator belt type. 

Key words: Vibration machine for cleaning 

the seeds, increasing productivity shock mode 

vibrator.
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tions of mathematical design of process of sepa-

ration of seminal mixtures of grain-crops, name-

ly, determination effective to the coefficient of 
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using conception of hydrodynamics of multi-

phase environments. 
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 1. ,

Table 1. Comparison of the calculated data obtained different ways 

-

- -

1 83,54 84,56 85,77 84,14 

2 80,94 80,98 85,35 81,88 

3 86,96 85,84 86,02 85,44 

4 75,64 76,76 84,24 75,49 

5 95,86 97,00 88,31 95,53 

6 89,06 87,92 86,47 87,65 

7 90,62 90,66 87,31 91,48 

8 88,18 88,14 86,80 89,20 

1,16 3,87 0,85 

2,93 21,97 0,93 

 2. 

Table 2. The test results vibroudarnogo sifter 

/

,

°

,

,

, % 

I  II III

1 40 0 19,5 20,4 20,8 20,90 13,45 

2 45 0 24,32 27,17 26,66 26,05 20,21 

3 50 0 28,05 32,60 34,15 31,60 28,55 

4 55 0 36,21 38,56 37,88 37,55 36,62 

5 60 0 40,89 42,78 48,03 43,90 41,46 

6 65 0 49,56 52,31 50,08 50,65 52,43 

7 70 0 59,35 55,42 58,43 57,80 60,29 

8 75 0 63,84 67,25 64,96 65,35 68,16 

9 80 0 70,25 75,67 73,98 73,30 75,14 

10 85 0 79,53 83,24 82,15 81,64 84,04 

11 90 0 89,56 94,39 87,22 90,39 90,57 

12 40 820 0,00 0,01 0,00 0,00 3,92 

13 45 820 0,00 6,70 2,90 3,20 11,99 

14 50 820 11,20 10,12 7,63 9,65 18,71 

15 55 820 14,24 18,53 16,79 16,52 25,18 

16 60 820 21,59 25,43 24,44 23,82 28,68 

17 65 820 30,47 33,58 30,57 31,54 37,80 

18 70 820 37,98 41,21 39,88 39,69 44,04 

19 75 820 47,24 49,33 48,21 48,26 50,27 

20 80 820 55,28 59,87 56,63 57,26 59,00 

21 85 820 64,75 69,22 66,07 66,68 62,82 

22 90 820 72,12 77,84 79,63 76,53 73,91 

23 70 1640 22,48 24,56 22,47 23,17 24,01 
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Summary. Old methods of obtaining the 
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Operable th proizvodstva.V therefore an attempt 

was made to develop a new method of 

processing the experimental data and the com-

puter for yuternuyu program based on it. 
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