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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. 
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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: 
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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
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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

0

3

1034,3

1

2

)(cos

105
2

l

D

D
D

LHZi
w

w

w

H
,

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] 
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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] 
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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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