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THE VIBRATION DIAGNOSTICS OF THE MOBILE MACHINES TOOTH GEARS

PosrisHyTo 3aranpHuil cTaH BiOpOAIarHOCTHKY 3y0YacTHX repeaady MOOUTPHOI TeXHIKH, MPOAHaIi30BaHO Ta KIacH(piKOBaHO METOAU AiarHOCTYBAaHHS
3y0uacTHX mepenad MOOLIPHUX MalluH B eKCINTyaTanii. Bunineno ocobmuBocTi (yHKIIOHYBaHHS 3y04acTUX Iepeaad, 3-3a SKUX BUKOPHCTAHHS UL iX
JIIarHOCTUKHM CTaHIAPTHHX BiOPOaKyCTHYHUX 3ac00iB 0OMexeHa. Onrcana po3pobiieHa 60pTOBa aBTOMATH30BaHa CHCTEMa BiOPOAIarHOCTHKH PEILYKTO-
PiB MOTOP-KOJIiC BEIMKOBAaHTAXXHHUX caMocKuiB benA3. CdopMynboBaHi epcleKTHBHI HAPSIMKH PO3BUTKY BiOPOAIarHOCTUKH CTOCOBHO TPAHCMICIH-
HUM BY3J1iB MOOIJIBHUX MAILIMH.

KurouoBi ci1oBa: MoOinpHa TexHika, TiarHOCTUKA, TPAHCMICIs, 3y04yacTa mepeaaya, anapaTHO-IPOrpaMHi 3aco0u, kiacudikamis METOIB, Ha-
IPSIMH PO3BUTKY, MOTOP-KOJIECO, TEXHIYHUIA CTaH.

PaccmotpeHo obiiee cocTosiHEE BHOPOMArHOCTHKH 3yOUaThiX Iepeaad MOOHIbHON TEXHNKHU, IPOAHAIM3UPOBAHbI U KJIaCCU(DUIIMPOBAHbI METOABI JH-
ATHOCTHPOBAHHS 3yO4aTHIX Mepeaad MOOHMIBHBIX MAIIMH B KCIUTyaTalWH. BeigeneHsl 0coGeHHOCTH (yHKI[MOHUPOBAHMS 3y0YaThIX mepenad, n3-3a
KOTOPBIX MCIIOJIb30BaHHE JUIS MX JHArHOCTHKHU CTaHJAPTHBIX BUOPOAKyCTHYECKUX CPEJCTB orpaHudeHo. Onucana paspabotaHHas 60pTOBas aBTOMATH-
3MpPOBaHHAs CHCTEMa BUOPOIMArHOCTHKH PEIyKTOPOB MOTOp-KoJiec OonbuIerpy3nsix camocsanoB benA3. ChopMynupoBaHbl HEpCEKTHBHBIC HAMIPAB-
JICHUsI Pa3BUTHS BHOPOUATHOCTHKY IPUMEHHTEIBHO K TPAHCMUCCHOHHBIM y371aM MOOHMIIBHBIX MAIIIHH.

KiroueBble c10Ba: MOOWMIIbHASI TEXHHKA, IHAaTHOCTHKA, TPAHCMHUCCHS, 3y0UaTas repeaaya, anmnapaTHO-IPOrpaMMHbBIC CPEACTBA, KIIACCH(DHKALHA
METO/IOB, HAIPABIICHUS Pa3BUTHS, MOTOP-KOJIECO, TEXHUYECKOE COCTOSHIE.

The state of vibration diagnostics of the mobile machines tooth gears, peculiarities of hardware and software of manufacturers’ products, approaches
and methods for diagnostics of mobile machines transmission systems are considered. The systems and methods of mobile machines gear diagnostics in
operation are analyzed and classified in detail. Special features of the tooth gears functioning, which restrict use of standard vibroacoustic tools for their
diagnostics, are separated. On-board automated system aimed for the vibrodiagnostics of motor-in-wheel reducers for dump trucks BelAZ is described.

The perspective directions of vibrodiagnostics development in relation to the transmission units of mobile machines are formulated.
Keywords: machines, vibrodiagnostics, transmission, tooth gear, hardware and software, methods classification, directions for the development,

motor-in-wheel, technical condition.

Introduction. The development of sensory base and
computing equipment allows to create more and more per-
fect vibrodiagnostic systems to ensure effective monitoring
of current technical condition of complex systems and a
fairly reasonable prediction of service life from their most
responsible elements. Today in the CIS market in addition to
the traditionally well-known manufacturers of vibro- and
noise-measuring techniques (Schenck, Larson&Davis,
Bruel&Kjaer, SKF, National Instruments, etc. [ 1-5]) actively
offer their products manufacturers of Russia and Ukraine,
specializing in the development and sale of equipment and
devices for balancing, control and vibroacoustic diagnostics.

Leading Western European and American manufac-
turers of hardware and software for vibroacoustic diagnos-
tics go towards the creation of modular systems ("bricks"),
of which the measuring channels are formed and assigned
the task of retrieval and storage of information. Processing
and analysis of measurement information is carried out on
a PC using specialized or generic software packages. Such
systems have wider possibilities of processing and analysis
vibroacoustics signals compared to traditional stationary
and portable vibration analysers and sound level meters
with a variety of standard features.

In CIS countries the leading position in the field of
methods and means of vibration diagnostics is a company
"Diameh", "Vast", "Inkotes", etc. [6-13]. Of their vibration
analysers are stand-alone microprocessor-based portable
devices, allowing to measure, process, store and visualize
the measured vibroacoustic information.

Most of the tools of vibration diagnostics, both Western
and CIS production, have a fairly narrow specialization (bal-
ancing of rotors and diagnostics of bearing units of different
technological of equipment) and is intended for manufacturing
diagnostics. For research purposes their use for solving new
tasks of analysis and control experiment is hampered by the
presence of rigid algorithms, implemented by hardware in a
dedicated computer, precluding the possibility of changing the
software configuration of the computer means.

Methodical and instrumental means of vibration diag-
nostics and forecasting of a residual life according to the
change of vibration parameters are most actively develop-
ing in relation to the bearings, but for gears and driving
mechanisms of mobile machines concrete techniques and
examples of practical use of the vibration diagnostics in the
published descriptions are virtually absent.

The aim of the work was to analyse the current state
and tendencies of development of diagnostics and vibration
diagnostics of gearing and driving mechanisms of mobile
machines.

The vibration drive systems. The analysis of publica-
tions [14-25], devoted to the operational assessment of the
technical condition of drive mechanisms based on gears, as
well as the methods and means of forecasting of a residual
life of the transmission system, shows that from existing
methods the most perspective are methods of non-disassem-
bly control of dynamic characteristics of drive mechanisms
through continuous or periodic monitoring of vibration pa-
rameters. So, in work [14] considered the possibility of using
vibroacoustic analyzer A17 for monitoring the availability of
gears. On example of refinement of experimental gears dis-
cusses the possibility of using vibroacoustic methods for di-
agnostics of damage of gear wheels in conditions of devel-
opment fatigue testing. The control and rejection of gears it
is proposed to doing by the levels of spectral components of
rotational and tooth mesh frequencies.

Corporation UTC Aerospais Systems (USA) advertises
designed on-board system of vibration diagnostics of trans-
mission helicopter HUMS (Health & Usage Monitoring Sys-
tems) [26, 27]. Monitoring of the level of vibration allows to
obtain information about the status of main units and assem-
blies and the possibility of early detection of the defect, the
necessary engineering and technical staff for decision mak-
ing about replacement parts. The key element of the HUMS
is software that analyzes the information coming from ace-
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lerometers, mounted on the engine and transmission, and ac-
cumulating by flight recorder. The helicopter has about
twenty sensors that give a large amount of data. System in-
terrogates the sensors several times during the flight, through
certain time intervals, and stores them in the flight recorder
memory. Processing and analysis of these data is carried out
on earth, but information about the functioning units of the
helicopter is displayed on a display pilot. The system was
tested on a batch of 20 helicopters, participating in hostilities.
Installation of the system saved up to USD 45 million on
costs related to maintenance and flight operation. On the in-
ternational market of the helicopter equipment system
HUMS enhances their competitiveness.

A similar development of the company Farnell (Rus-
sia) — on-board diagnostic system enable to perform mo-
nitoring and diagnostics of helicopter gearboxes by vibration

parameters [28]. The system provides simultaneous organ-
ization and processing of data from the vibration sensors in
real time, the mathematical signal processing and storing of
testing results. System monitoring and diagnostics Farnell
installed on several MI-8 helicopters of the Russian com-
pany "Aviashelf".

Russian helicopter holding "Vertolety Rossii", a sub-
sidiary of the United industrial Corporation "Oboronprom"
and is one of the leading world developers and manufactur-
ers of helicopters, presented at the forum "Engineering
Technologies—2012" the project of perspective system
health monitoring and accounting of operating time of ag-
gregates and systems of helicopter A-HUMS [29]. A simi-
lar development for helicopter AH-64 A — system Vibration
Management Enhancement Program (VMEP) is presented
in fig. 1 [30].
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Fig. 1 — Configuration of system VMEP for helicopter AH-64A [30]

The most well-known publications devoted to systems
and methods of diagnostics of transmission systems land-
based mobile machines is advertising. While the focus is on
diagnosting transmissions of expensive mining equipment
— heavy haulers, excavators, bulldozers, delays which are
associated with large economic losses of mining compa-
nies. So, in works [16, 23] highlights the questions of ap-
plication of laboratory methods of physical-chemical and
spectral analysis of oils. In operation periodically at mainte-
nance is doing integrated spectrographic analysis of oils
worked, for the purpose of determination of the amount of
wear products and dirt. Test results revealed violations in
the work of units and aggregates of the internal combustion
engine, gears of motor-wheels and determine the suitability
of oil for further use. Recommendations of fault handling
based on these data is issue to repair services, helping to
reduce the incidence of breakdowns.

Firm Caterpillar [31] reported of diagnostic scanner
(Cat ET) of electronic systems that control the motors and
electromechanical assemblies of the truck. The diagnosis is
carried out on the amount consumed by the control systems
of current, works in real time and allows promptly to detect
and resolve problems and faults.

Firm Komatsu to reduce non-productive costs and in-
creasing the efficiency of transportation has developed a sys-
tem Komtrax, which uses a network of satellites orbiting the
earth to transmit information with the truck on the dispatch-
er's computer [32]. The system allows you to monitor the lo-
cation and movement of vehicles working on site, to deter-
mine the efficiency of drivers, track ficel consumption, work
time in different modes, etc. Assessment of performance of
the most critical components of the machine is the system of
control of technical condition of vehicle (VHMS), which can
be integrated with Komtrax. The VHMS system sends in real
time on the dispatcher's computer the data about operational
modes of the mechanisms and problems arising in them. This
allows to quickly contact their customer service and make a
decision about maintenance or repair faulty parts of the ve-
hicle, preventing emergency exits.

Liebherr has developed a diagnostic system Litronic
Puls [33], which includes real-time monitoring, fault detec-
tion and alert, as well as a number of methods of processing
data and produce trends of the actual state dump truck. Pa-
rameters and methods of diagnosis are not disclosed.

Systems for the diagnosis and monitoring offer next
firms: Wenco — system Eventing Systems, Modular Mining
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Systems, USA subsidiary of Komatsu, — the MineCare system,
Matrikon — system Mobile Equipment Monitor [34, 35], etc.

Named foreign developments are either search and re-
search, or completely closed, as have elements of know-how.

In the Republic of Belarus are also underway to de-
velop systems of control and diagnostics. In particular, at
the Minsk automobile plant is actively developing a per-
spective electronic systems. So, a new on-board system of
control and diagnostics is monitors and generates the data
on the axle load, fuel used, average speed of truck move-
ment, and digital on a 28-day tachograph allows for any pe-
riod of time to automate accounting and control of the
driver of the vehicle [36].

Belarusian automobile plant jointly with Russian
company "Vist-grupp" equips the dump truck BelAZ of
loading control system (LCS), operative on base of on-
board computer [25]. LCS records in the computer memory
speed, weight of cargo, tire pressure, fuel consumption and
other maintenance parameters.

At the Joint Institute of mechanical engineering of the
NAS of Belarus has developed an indirect method of deter-
mining the value of peripheral backlash of transmissions trol-
ley buses on the magnitude of jerk (first time derivative of
the longitudinal acceleration) of the body of the trolley for
the entire overclocking process, allowing you to control the
overall technical condition of the machine transmission,
comparing the current value of the backlash with the maxi-
mum permissible [37]. Feature is using the transition process
and its rate (jerk), but not a steady-state process, prevalent in
the earlier approaches. In addition, the proposed adaptive
system, which is the results of determining the jerk set cor-
rects the characteristic of the traction motor in operation,
thereby ensuring reduced dynamic loads of the transmission
trolley buses. The method is simple to implement, focuses on
periodically (during maintenance) control integral parame-
ters of wear of transmission. However it has certain limita-
tions, because it does not allow to identify specific defective
parts and focuses on periodic maintenance procedures.

Summarizing the aforesaid, we can conclude that the
most installed both on foreign and domestic cars systems is
still scheduling. They provide solution of tasks of control
and accounting of the cars work on the track or in career,
that is tracking in real time during loading, fuel consump-
tion, speed, location, downtime and violations of techno-
logical modes of operation. An effective system of diagnos-
tics of technical condition of gear transmission units of the
mobile machines in the reviewed publications are not rep-
resented. There are no specific techniques and practices in
the assessment of the technical condition directly gears and
forecasting of a residual life by change their vibroacoustic
characteristics in the process of testing or operation.

In the design and creation of methodical tools of vi-
bration diagnostics of the automotive engineering gearings
should take into account the peculiarities of their function-
ing, distinct from drivers of other vehicles and equipment.

First, this is a high load, low operating speeds and rel-
atively low degree of manufacturing precision (7...9 degree).
These features create conditions for the development of
clearly marked local defects and malfunctions, generating a
pulse (shock pulse) in the interactions of the kinematic pairs
of units and details. In the operation of gear mechanisms, de-
fects and faults create a series of pulses, which are low am-
plitude, broadband spectrum and therefore in the practice of
vibration diagnostics are often made for the noise. It is

known that such defects evolve avalanche and can lead to
emergency exits or machines fail, so their diagnosis requires
information on problems in early stages of development.

The parameters of the shock pulse arising from tooth
changeover teeth of gear wheels, determine the magnitude
of internal dynamic load in the gear, which correlates with
vibroactivity gear. In turn, the parameters of the shock
pulse are determined by the geometrical errors of gear
wheels, the inertia-stiffness characteristics, load-speed op-
erating modes, operational malfunctions. Thus, the param-
eters of shock pulses reflect the relationship between tech-
nical condition, dynamic loading and vibroactivity gear
mechanisms, and are determined by the degree of develop-
ment and localization of the defect, therefore, can serve as
reliable diagnostic signs.

Control in real time of the vibration signal on the cas-
ing of the gearbox, combined with the control of loading of
tooth by tensometric methods, allows in principle to esti-
mate the strength of the shock interaction in each pair in-
terlocking teeth, with the subsequent estimation of the ac-
tual contact stresses in the engagement and access to the
evaluation of actual residual life of gearing.

Another feature of the gears of the transmission sys-
tems of mobile machines is that they work in a constantly
changing speeds and loads. A great influence on the vibra-
tion characteristics of the transmission assemblies, in addi-
tion to internal factors, by external dynamic effects caused
by the terrain and road surface, the degree of loading of the
vehicle, qualified driver, etc. In such circumstances, the na-
ture of the vibrations (amplitude and frequency) varies con-
tinuously and the use of commercially available instrumen-
tation for vibration monitoring of technical condition of the
transmission elements through spectral analysis in the pro-
cess of machine's operation is very difficult [38—40].

These features functioning of the mobile machines
gears lead to the fact that using for their diagnostics stand-
ard vibroacoustic means of control is largely limited, be-
cause the vast majority of developed diagnostic methods
and standard tools are focused on the diagnosis of rotor
units of machines operating in quasi-stationary conditions,
i.e. in conditions when working load and speed change
slightly, and the dynamics of the mechanism are due mainly
to geometric inaccuracies of manufacture and assembly of
parts and their changes during exploitation.

Existing methods of diagnostics of a condition of gears
and bearings are mainly based on the analysis of the Fourier
spectrum, but this approach is not effective enough, because
the spectrum, representing the average for the period of the
frequency response, hide faults and defects. Applied instru-
mental methods of analysis pulse component difficult to im-
plementation and expensive, as they require the use of special
expensive equipment. At the same time, they allow us to esti-
mate only the general energy parameters of the pulsed compo-
nent in a random vibration process that in the operational di-
agnostics of gear mechanisms are clearly insufficient.

Thus, today the actual problems of development of
methods and algorithms of allocation of pulse component
and determine their parameters under variable load-speed
modes of transmission in random process of vibrations, rec-
orded in real time; methods for obtaining corrected vibra-
tion spectrum, purified from disturbances and spurious
spectral components due to the processes of accessing and
processing digital measurement information; practical
methods of determining the actual loading of the gear on
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the amplitude of the shock vibrating impulses generated by
the engagement, and thus exit on the actual residual life of
elements of the transmission units of machines.

On basis of the analysis of known publications is de-
veloped the classification of modern systems of diagnostics
of the automotive engineering gearings in operation (fig. 2).

[ THE CLASSIFICATION OF THE GEARINGS DIAGNOSTICS SYSTEMS ]
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Fig. 2 — The classification of the gearings diagnostics systems in operation

The basis of classification is four main characteristics:
1 — methods of diagnostics; 2 — means of diagnostics; 3 —
depth diagnostics; 4 — the act of diagnostics results.

Signs 1 and 2 detailed in more detail.

Methods of diagnostics are separated by 1.1 — direct
dynamic (vibration), which can be realized under steady
operating conditions of the object, or unsteady modes (tran-
sients); 1.2 — indirect methods; 1.3 — static-dynamic.

Direct dynamic (vibroacoustic) methods of functional
diagnostics are used in the process of object’s work. The
indirect methods are: spectrographic method (measurement
of wear products in oil); energy methods based on the anal-
ysis of current indicators of power flow (the change in effi-
ciency, power, capacity) and integral indicators (energy
consumption, fuel consumption over a certain period of
time or operating time of the machine). The standard static-
dynamic methods include: thermal — by the change of unit’s
temperature; hydraulic and pneumatic — by pressure
changes, pulsations, flow; mechanical methods, including
cinematomeria, backlashmeria (the coupling gaps) and the
control of deviations of geometrical parameters details.

In used tools of diagnostics the methods can be divided
into 2.1 — on-board and 2.2 — stationary. On-board tools per-
form continuous monitoring or periodic control of the tech-
nical condition of the mechanism in operation with using of
dynamic or static-dynamic methods of diagnostics. Station-
ary tools are used to diagnose a repair or during maintenance
machines. They are divided into tools that require removal of
components (for example, special running-in stands for di-
agnostics of the transmission units), or not requiring the re-
moval of components, and may or may not require special
modes of diagnostics (for example, by lifting or mounting on
roller of drive wheels of the machine).

Signs 3 and 4 present enlargement. In depth diagnostics
methods are divided into 3.1 — methods allow to carry out a
integrated assessment of the transmission, and 3.2 — methods

allow to diagnose individual components (units) of the trans-
mission, which, in turn, are divided into methods for diag-
nosing a single local defect and fault details, and distributed,
allowing to assess the damage integral parts in general.

On realizable corrective actions selected 4.1 — active
diagnostics (adaptive diagnostics) with a reverse impact on
the fault (for example, the monitoring system of a condition
of working surfaces of teeth of gears, which in case of pit-
ting adds to the lubrication system of the gear suspension
with particles of molybdenum disulfide, forming the micro-
layer, leveling microcracks and gaps, leveling the surface)
and 4.2 — passive diagnostics (signal diagnostics) which is
limited to the message about problems in the drive by
means of light or sound signals or automatic shutdown.

The analysis of existing methods and tools of diagnos-
tics of a gear transmission of mobile machines suggests that
the most promising direction in this area is the development
of methods and means of functional vibration diagnostics
and vibration monitoring which will allow to effect on-
board, continuous and non-disassembly assessment of the
technical condition of each element of the transmission un-
der variable load-speed operating mode (in use), automatic
(without human intervention) the diagnosis and assessment
of residual life of elements.

Development of on-board automated system aimed
for the vibrodiagnostics of transmission units of the mo-
bile machines. Known systems and methods of vibrodiag-
nostics are at least one of the following defects: 1) the di-
agnostics of equipment working only with quasi-stationary
and unstressed conditions (change the speed of the shaft
and the load at the time of diagnostics should not exceed
+ 5%); b) the lack of algorithms of separation of the in-
formative component of the signal from the vibration
caused by external influences on the diagnostic object; c)
low degree of automation of diagnostics, necessitating the
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availability of highly qualified in the field of vibrodiagnos-
tics personnel; d) the impossibility of functioning in real
time; e) the presence of hard algorithms, precluding the
possibility of changing the software configuration of the
computer means; f) diagnosting bearing units only.

In addition, it should be noted the high cost of foreign
analogues: the installation of the system HUMS is esti-
mated from 6 to 50 thousand USD [30]; the total cost of the
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monitoring system based on a CSI 6500 with mounting on
open-mine excavator is 200-250 thousand USD [24], etc.

At the Joint Institute of mechanical engineering NAS
of Belarus created on-board automated system aimed for
the vibrodiagnostics of motor-in-wheel reducers for dump
trucks BelAZ (fig. 3). The assignment of the system — pre-
vention of emergency failure of the motor-in-wheel reduc-
ers in the operation of the truck.
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Fig. 3 — On-board system of the vibrodiagnostics of motor-in-wheel reducers for dump trucks BelAZ

The methodology of diagnostics and structure of the
diagnostic system based on the use of the most perspective
approaches for diagnosing (as proposed in fig. 2 classifica-
tion) in relation to a specific object. System in depth diag-
nostics allows to estimate faults of the individual compo-
nents of the transmission units, their local and distributed
faults and defects; in corrective actions system applies to
passive (signal) diagnostics; according to the method of di-
agnosis is to direct dynamic (vibration) based on the analy-
sis of vibration processes; according to diagnostics tools is
to on-board diagnostics with periodic vibration monitoring.

The two main components are basic in the system of
vibrodiagnostics of motor-in-wheel reducers: hardware
and software — algorithms capture, processing and analysis
of measurement data with subsequent delivery of diagnos-
tic solutions about the technical condition of diagnosis ob-
ject, and the object of diagnostics with the indicators of the
technical condition (good, acceptable, unacceptable). On
this basis is built the corresponding system of conditions
recognition (faults) linking the measured oscillation param-
eters with specific defects of motor-in-wheel reducers.

The problems of vibrodiagnostics, associated with the
irregularity of the gears rotation, solved by using the devel-
oped algorithms for processing the vibration signal and the
signal of marker of shaft rotation angle, recorded simultane-
ously in real time. As a result, the temporary realization of
vibration signal is converted into implementation on rotation
angle of the shaft with the diagnosed gear. The analysis of
this implementation with using the method of synchronous
accumulation and sequence analysis, adapted to solve the
specific tasks, allows the results of one measurement to esti-
mate the parameters of vibration at each shaft of reducer.

Implemented in the on-board system the algorithm of
processing of the vibrations parameters in the diagnostics
of motor-in-wheel reducers for dump trucks allows to carry

out the real-time diagnostics of the state of all gears of mo-
tor-in-wheel reducers in the process of machine operation.
The system automatically performs periodical scanning of
the vibrations sensors of the left and right motor-in-wheel
reducer of the dump truck, calculates current values of di-
agnostic parameters of vibration, compares them with pre-
set threshold values, determines which level of the tech-
nical condition they belong, signaling to the driver the icon
of the appropriate color on the dashboard (see fig. 3).

The application of this system provides: rapid and non-
disassembly control of current condition of all gears of mo-
tor-in-wheel reducer; automatic alarm system warning the
driver; obtaining information on the vibrational characteris-
tics of elements of motor-in-wheel reducer for analysis ser-
vices of maintenance; facilitating of fault tracing and deci-
sion about the repair; time-saving maintenance; fast payback
(the cost of the system does not exceed 1 thousand USD).

The use of vibration monitoring systems for heavy
dump trucks of the Poltava mountain-beneficating combine
has made it possible:

to prevent accidental damage to the motor-in-wheel
reducers;

to improve the technical readiness of the dump truck;

to reduce the time of maintenance of machines at
15...17 %;

to reduce the time of fault tracing of motor-in-wheel
reducers in 1,5...2 times;

to increase average time between failures not less than
10...15 %.

In the future this system will be finalized in the expert,
additionally providing automatic operation with the data-
base of vibration characteristics of motor-in-wheel reducer,
the indication of the residual life of each gear reducer and
forecast demand for spare parts.
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The perspective directions of vibrodiagnostics de-
velopment in relation to the transmission units of mo-
bile machines. The need for on-board systems of monitor-
ing and diagnostics is dictated primarily by the need to re-
duce unplanned downtime of machines, maintenance costs,
improving reliability and efficiency of engineering opera-
tion. The transition to the service drive machines according
to the actual condition provides increasing safety, perfor-
mance of mobile machines, as well as ecological compati-
bility (by reducing the content of toxic substances in the
exhaust gases).

The basic perspective directions of development of
the mobile machines gearing vibrodiagnostics can be for-
mulated as follows:

— the development of theoretical propositions, based
on the research of dynamic model of elastic impact of solid
bodies in relation to problems of vibration diagnostics, and
linkages to dynamic processes, due to the shock interaction
tooth profiles when tooth changeover, with the parameters
of the vibrations;

— the development and testing of computational-ex-
perimental methods for estimating the parameters of the
technical condition of mechanical drives on their vi-
broacoustic characteristics, including the identification of
the nature, character, level, frequency content, the major
resonances, damping and other characteristics of the oscil-
latory systems, and the study of processes connected with
recognition of the dynamic structure of the system depend-
ing on change of parameters of the gearing, the study of
laws of damage accumulation and their relationships with
changes in the parameters of dynamic structures, under var-
iable load-speed modes of operation of gear mechanisms;

— upgrading the methods of the vibrations standardi-
zation associated with the classes of the technical condi-
tions of gear mechanisms to create algorithms for auto-
mated vibration monitoring of transmission systems and
their elements;

— the generation and application of real-time on-board
tools for vibration monitoring of technical condition and fore-
casting of a residual life of the transmission units of automo-
tive engineering in terms of bench, field tests and operation;

— creating a database of experimental data on vibra-
tion characteristics of the transmission components of ma-
chines to improve the reliability of diagnosis;

— the creation of expert systems of vibration diagnos-
tics based on the use of artificial intelligence in order to ex-
clude the man from the diagnostic system;

— development of a combined on-board control and di-
agnostic systems realizing the functions of dispatching and
diagnostics of technical condition of the basic criteria units
and elements of the machine with the creation of its elec-
tronic service book on the basis of Internet technologies;

— creating the methodology for servicing vehicles, as-
sociated with the transition from planned precautionary
maintenance to maintenance based on technical condition,
based on the implementation of on-board systems of the ve-
hicles components continuous monitoring.

It is necessary to take account of such important prob-
lem questions as the cost of the system of vibration diag-
nostics, the level of spending on its maintenance, reliable
activity in various operating conditions of machines, the ac-
curacy of the diagnosis and a number of other issues spe-
cific to the on-board control and diagnostic equipment of
mobile machines.

Conclusion. On the basis of analysis of the state of
vibrodiagnostics of the mobile machines gears and trans-
mission units shown the tendencies of development of this
direction and proposed the classification of modern meth-
ods of diagnostics, covering existing and perspective ap-
proaches, what allow to initiate the development of relevant
directions and practical techniques.

The most perspective and popular approaches are ap-
proaches, which are relate with:

— further the individualization and more detailed study
of objects, in particular, with the research and evaluation of
loading each pair of interlocking teeth, linkages to the load-
ing teeth and the parameters of the vibrations measured on
the gearbox housing;

— the creation and practical application working in real-
time on-board tools for vibration monitoring of technical
condition and prediction of residual life of units in operation.

The availability and equipping of mobile machines
such facilities is a key criterion for a transition from the
high-cost preventive maintenance of machines to their
maintenance according to actual condition, which signifi-
cantly reduces operational expenses for maintaining ma-
chines in working condition, and thus increases the attrac-
tiveness and competitiveness of the vehicles produced.

Bibliography

1. De Silva C. W. Vibration: fundamentals and practice / C. W. De Silva.
— Boca Raton: Taylor & Francis, 2006. — 1036 p.

2. Mobunvnas cucmema monumopunea cocmosnus // J1enoBoil u TexXHu-
yeckuid xypHan ¢pupmsl SKF "Evolution”. —2009. — Ne 2. — C. 24-30.

3. Vibrotest 60 [Electronicresource]. Mode of access: http:/www.bkvibro.com/fileadmin/me-
diapool/Internet/PDF-Files/Documentation/Portable measuring_instruments/VT-
60/vtestoOe_V445ff.pdf. — Date of access: 06.02.2013.

4. National Instruments Collector [Electronic resource]. Mode of access:
http://www.russia. ni.com. Date of access: 06.02.2013.

5. Watchman 8603 Vibration Data Collector [Electronic resource].
Mode of access: http:/www.ebay.com/itm/NICE-DLI-Watchman-
Model-8603-Vibration-Data-Collector-/140828772609. Date of ac-
cess: 06.02.2013.

6. Tapaxanos B. M. CucteMbl HENPEPbIBHOIO KOHTPOJISE BUOPALIMK TPOU3-
Bozactea OO0 "Tuamex 2000" / B. M. Tapaxaros, O. b. Cxeopyos, A. E.
Cywio //Bubpatmonnas nparsoctuka. — 2006. — Ne 4. — C. 15-21.

7. bapros A. B. BubpanuoHHas IHarHOCTHKA MAalIUH H 000pYI0BaHHS:
y4e6. mocobue / A. B. bapros, H. A. Baprxosa: M-Bo obpa3oBaHusi 1
nayku Poc. @eneparuu, C.-Iletep6. roc. MOpCKOil TexH. yH-T. —
CII6.: CIIGIMTY, 2004. — 152 c.

8. BuKour [Onextponnsiii pecypc]. — Pexxum goctyma: http://www.vicont.ru/
product.html. — [lata gocryma: 06.02.2013.

9. BubOpo-Lentp [Onekrponusiii pecypc]. — Pexum nocryma:
http://vibrocenter.ru/. — Jlata noctyma: 06.02.2013.

10. Bubpoauarsocrtuka. O630p COBpEeMEHHBIX IPHOOPOB 1151 BUOpOHa-
THOCTUKH [DJeKTpoHHbIH pecypc]. — Pexxum moctyma: http:/sig-
nal.narod.ru/new_page_ 3.htm. — Jlata noctyma: 06.02.2013.

11. Bubpoananu3atopsl U BHOPOCOOPIIMKN [DIEKTPOHHBIH pecypc]. —
Pexxum gocryma: http://www.encotes.ru/?q=node/3. — Jlata nocryma:
06.02.2013.

12. AHann3 COBPEMEHHBIX METOJOB AHArHOCTHPOBAHUS KOMIIpEC-
COpPHOro 000pyI0BaHHs HE(PTEra30XMMHYECKUX MPOU3BOACTB /
B. B. Ipub [u op.] // Hebrenepepabotka u Hedrexumus. HaydHo-
TeXHUUECKUE JTOCTIDKEHUS U IepeioBoil onbIT: nHpopM. cb. / OAO
"HHUNTOuedprexum". — M.: HTHUNUTOnedrexum. — 2002. — Ne 10.
—C. 57-65.

13. Software VIBROEXPERT CM-400 [Electronic resource]. Mode of ac-
cess: http://www.bkvibro.com/en/products/safety-monitors/vibrocontrol-
4000/software-vibroexpert-cm-400.html. — Date of access: 06.02.2013.

14. JlmarHocTnka 3yOuUaThIX repenad BUOPOaKyCTHUCCKUMH METOZIaMH [ DJek-
TpoHHEIT pecypc]. — Pexxmm moctyma: http:/www.autex.spb.ru/pdf/vi-
brol.pdf— Jlata nocryna 24.03.2008.

15. Mauynoe B. H. CoBpeMeHHbBIE CUCTEMbI TEXHHYECKOTO 00CITy)KHBa-
HHSL M PEMOHTa 00OPYZOBaHUS B MHUPOBOH TOPHOIOOBIBAIOLICH OT-
pacmu / B. H. Mauynoe // T'opHast npoMsiiieHHOCTh. — 2013, — Ne 4
(110). — C. 77-80.

56

Bicnux HTY "XIII". 2016. Ne 23 (1195)



ISSN 2079-0791

Tlpobnemu mexaniunoeo npusody

16.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.
. Taking a Pulse // Mining Magazine. —2011. — Ne 1. —p. 19-23.
35.

36.

37.

38.

39.

40.

Bnacos 10. A. Opranu3anus CHCTEMbI JHAarHOCTHPOBAHUS Kapbep-
HBIX CaMOCBAJIOB I10 TapamerpaM padoratomero Macna / fO. A. Bra-
coe // T'opHas mpoMsILIeHHOCTE. — 2013. — Ne 4 (110). — C. 91-94.

. Kyopesamvwix A. B. Temneparypa Macia Kak HapamMeTp IHarHOCTUKH

peoyKTOpa MOTOp-KoJieca KapbepHOro aBTocamocBaia / A. B. Kyope-
séamuix // IIpoOmeMbl KapbepHOrO TpaHCIOpTa: MarepHanbl 10-i
MHIIK, Exatepunbypr, MHctutyT ropHoro aena. — ExatepunOypr:
VYpansckoe otaenenue PAH, 2009. — C. 135-138.

. Cepeees B. FO. lnarHocTUYECKUE METOIbI U CPEJICTBA KOHTPOJIS ISl TEX-

HHMYECKOTO ay[UTa y3JIOB H arperaToB KaphepHBIX caMocBaios / B. 0.
Cepzees // I'opras npomsIILIeHHOCTD. — 2009. — Ne 6(88). — C. 45-47.

. Paoxesuu AI. M. MeToonorus OLCHKH Ka4decTBa M yIpaBJICHHE CO-

CTOSTHHEM TOPHBIX MAIIMH C HCIOJIb30BAHUEM BUOPAI[MOHHBIX XapaK-
tepuctuk / A. M. Paokesuu, M. C. Ocmposckuii, I1. @. bouxo // Top-
HOe 00opynoBaHue U AekTpomexanuka. — 2008. — Ne 10. — C. 8-12.
Tepuxe b. JI. BUOpOMOHUTOPUHT TOPHBIX MalIMH 1 000pyIOBaHMs /
b. JI. I'epuxe, U. JI. Abpamos, I1. b. I'epuxe. — Kemeposo: KI'TY,
2007.-190 c.

Ocmpoeckuii M. C. TexHonorusi BAOPOMOHUTOPUHIA TEXHUYECKOTO
COCTOSIHMS TOPHBIX MAIINH Ha 3Tarne skcmtyarammu / M. C. Ocmpos-
cxuil, 4. M. Paoxesuu, I1. @. Foiixo // T opHOe 060pyI0BaHUE H JJIEK-
Tpomexanuka. — 2008. — Ne 10. — C. 2-8.

Apnabexkos M. Y. TexHuueckue CpeACTBa IUATHOCTHUKH CaMOXOJ-
HOTO TOPHOTO 00OPY/IOBAHMS U KapbepHOTo TpancnopTa / M. U. Ap-
nabekos // TIpobaeMbl KapbepHOro TpaHCHopTa: Marepuanbl 10-i
MHIIK, Exatepun6bypr, MUHcTuTyT ropHoro aena. — ExatepunOypr:
VYpansckoe otaenenne PAH, 2009. — C. 19-24.

Xopewiox A. A. MeTox KOMILTIEKCHOTO AHATHOCTHPOBAHHUS PELYKTOPOB
MOTOp-KOJIEC KapbePHBIX aBTOCAMOCBAJIOB B YCIOBUSX MPEAIPUATHH
OAO "YK Ky3zbaccpaspesyroms" / 4. A. Xopeuiok, A. B. Kyopesamvix
// TopHast npoMbIuieHHOCTB. — 2010. — Ne 5 (93). — C. 60-64.

baysp @. TlpenoTBpaTuTh aBapuiiHbl OcTaHOB. OHIAHH MOHHTO-
puHT BUOpanuu 000pyIOBaHHS Ha IPUMEPE NIEKTPHYCCKHX OJIHO-
KOBILIOBBIX 3KCKaBaTOPOB / @. baysp // I'opHast NPOMBIIIIEHHOCTD. —
2013.—Ne 4 (110). — C. 41-44.

Tpy6eykou K. H. CoBpeMeHHbIE CHCTEMBI YIIPaBJICHUS TOPHO-TPAHC-
nopraeIME Komiutekcamu / K. H. Tpybeyxoii [u dp.]; Ilox pen. K. H.
Tpy6eukoro. — CII6.: Hayka, 2007. — 306 c.

Health and Usage Monitoring Systems HUMS [Electronic resource].
Mode of access: http://ezinearticles. com/?Health-and-Usage-Moni-
toring-Systems-HUMS&id=3582130. Date of access: 06.02.2013.
Adrian 1. Cuc. Vibration-Based Techniques for Damage Detection
and Health Monitoring of Mechanical Systems / I. Cuc. Adrian; Uni-
versity of South Carolina. —2002. — 113 p.

BopToBast cuctemMa KOHTPOJISI JUarHOCTHYCCKash [ DIEKTPOHHBIH pe-
cype]. — Pexxum nocrymna: http://farnell.by/?page id=285. — Jlata no-
cryma: 06.02.2013.

Tlonemvr 6epmonémos 6y0ym KoHMponUpoOsamscs Hoseliuel paspa-
6omxou xonounea "Bepmonémor Poccuu" — nepcnexmusroti cucme-
Mot 6ezonachocmu A-HUMS [OnexTpoHHbIi pecypc]. — Pexum no-
cryma: http://www.russianhelicopters.aero/ru/press/news/3093/ —
JHata noctyna: 06.02.2013.

Grabill Paul. Automated Helicopter Vibration Diagnostics for the US
Army and National Guard / Paul Grabill, John Berry, Lem Grant,
Jesse Porter /| American Helicopter Society 57" Annual Forum,
Washington, DC, May 9-11, 2001.

Juarnoctuaeckuii ckanep Cat ET [Onexrponnslii pecypc]. — Pexum
nocrtyna: http:// www.cat.com/ — [lata nocryna: 06.02.2013.
Cucmema (VHMS) HD605-7 [Electronic resource]. Mode of access:
http://www.komatsuamerica.com/?P=equipment*fl=view*prdt_id=
627*info. — Date of access: 06.02.2013.

Healthy and wise // Mining Magazine. — 2009. — Ne 1. — p. 20-23.

Minecare. Maintenance management / PekmamMHBIA HpPOCIEKT
MODULAR MINING SYSTEMS, INC. -2013. -6 c.

Bacumwes B. I'maBHOE cpencTBO 60phOBI ¢ KOHKypeHTaMu / B. Bacuives
[Onektponnsrii pecype]. — Pexum moctyma http:/www.osl.nu/article/
truck/2006_05_A 2006_09 29-17 54 24.— lara nocryma: 02.05.2014.
Tanamos I1. M. lunaMuka TporaHus TpoJuielOyca ¢ aJanTUBHOU CH-
CTEMOM YNpaBJICHHUs TSATOBBIM dneKTpoasurarene™ / [1. M. Ianimos,
B. b. Awveun, C. U. 3auuenxo // MexaHuka MaIlliH, MEXaHU3MOB U
matepuainoB. — 2009. — Ne 1 (6). — C. 34-40.

Hwun H. H ]lunamuka u BUOPOMOHUTOPHHI 3yO4aThIX mepenad /
H. H. Mwun. — Munck: benapyc. HaByka, 2013. — 432 c.

Mueane B. /]. Texauyeckasi JMarHOCTUKA aBTOMOOMIIEH: CIIpaBOYHOE
nocobue: B 6 T. — Xapbkos, 2012. — T. 3 : MeToap! AUarHOCTUPOBa-
Hus. — 574 c.

Mueane B. /]. Texuuueckasi JUarHOCTUKA aBTOMOOMIICH: CIIPaBOYHOE
nocobue: B 6 T. — XapbkoB, 2012. — T. 4: CpexcTBa qUarHocTUpOBa-
Hus. — 547 c.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

References (transliterated)

De Silva C. W. Vibration: fundamentals and practice / C. W. De Silva.
— Boca Raton: Taylor & Francis, 2006. — 1036 p.
Mobil'naja sistema monitoringa sostojanija // Delovoj i tehnicheskij

zhurnal firmy SKF "Evolution". — 2009. — No 2. — P. 24-30.
Vibrotest 60 [Electronic resource]. Mode of access: http://www.
bkvibro.com/fileadmin/mediapool/Internet/PDF-Files/Documentation/
Portable_measuring_instruments/VT-60/vtesto0e_V445ff.pdf. Date
of access: 06.02.2013.

National Instruments Collector [Electronic resource]. Mode of ac-

cess: http://www.russia. ni.com. Date of access: 06.02.2013.
Watchman 8603 Vibration Data Collector [Electronic resource].
Mode of access: http:/www.ebay.com/itm/NICE-DLI-Watchman-
Model-8603-Vibration-Data-Collector-/140828772609. Date of ac-
cess: 06.02.2013.

Tarakanov V. M. Sistemy nepreryvnogo kontrolja vibracii proizvod-
stva OOO "Diamekh 2000" / V. M. Tarakanov, O. B. Skvorcov, A. E.
Sushko //Vibracionnaja diagnostika. — 2006. — No 4. — P. 15-21.
Barkov A. V. Vibracionnaja diagnostika mashin i oborudovanija: ucheb.
posobie / A. V. Barkov, N. A. Barkova: M-vo obrazovanija i nauki
Ros. Federacii, S.-Peterb. gos. morskoj tekhn. un-t. — SPb.:
SPbGMTU, 2004. — 152 p.

ViKont [Jelektronnyj resurs]. — Rezhim dostupa: http://www.vicont.ru
/product.html. — Data dostupa: 06.02.2013.

Vibro-Centr [Jelektronnyj resurs]. — Rezhim dostupa: http://vibrocen-
ter.ru/. — Data dostupa: 06.02.2013.

Vibrodiagnostika. Obzor sovremennyh priborov dlja vibrodiagnostiki

[Jelektronnyj resurs]. — Rezhim dostupa: http://sig-nal.narod.ru/
new_page 3.htm. — Data dostupa: 06.02.2013.

Vibroanalizatory i vibrosborshhiki [Jelektronnyj resurs]. — Rezhim
dostupa: http://www.encotes.ru/?q=node/3. — Data dostupa: 06.02.2013.
Analiz sovremennyh metodov diagnostirovanija kompressornogo
oborudovanija neftegazohimicheskih proizvodstv / V. V. Grib [i dr.]
/I Neftepererabotka i neftehimija. Nauchno-tekhnicheskie dostizhen-
ija i peredovoj opyt: inform. sb. / OAO "CNIITJeneftehim". — Mos-
cow: CNIITJeneftehim. — 2002. — No 10. — P. 57-65.

Software VIBROEXPERT CM-400 [Electronic resource]. Mode of ac-
cess:  http://www.bkvibro.com/en/products/safety-monitors/vibro-
control-4000/software-vibroexpert-cm-400.html. — Date of access:

06.02.2013.

Diagnostika zubchatykh peredach vibroakusticheskimi metodami [Jel-
ektronnyj resurs]. — Rezhim dostupa: http://www.autex.spb.ru/pdf/vi-
brol.pdf— Data dostupa 24.03.2008.

Machulov V.N. Sovremennye sistemy tekhnicheskogo obsluzhivanija i re-
monta oborudovanija v mirovoj gornodobyvajushhej otrasli / V. N. Ma-

chulov // Gornaja promyshlennost'. —2013. — No 4 (110). — P. 77-80.
Vlasov Ju. A. Organizacija sistemy diagnostirovanija kar'ernykh sa-
mosvalov po parametram rabotajushhego masla / Ju. A. Viasov // Gor-
naja promyshlennost'. —2013. — No 4 (110). — P. 91-94.

Kudrevatyh A. V. Temperatura masla kak parametr diagnostiki re-
duktora motor-kolesa kar'ernogo avtosamosvala / 4. V. Kudrevatyh //

Problemy kar'ernogo transporta: materialy 10-j MNPK, Ekaterinburg,
Institut gornogo dela. — Ekaterinburg: Ural'skoe otdelenie RAN,
2009.—P. 135-138.

Sergeev V. Ju. Diagnosticheskie metody i sredstva kontrolja dlja
tehnicheskogo audita uzlov i agregatov kar'ernykh samosvalov / V. Ju.
Sergeev // Gornaja promyshlennost'. —2009. — No 6 (88). — P. 45-47.
Radkevich Ja. M. Metodologija ocenki kachestva i upravlenie sos-
tojaniem gornyh mashin s ispol'zovaniem vibracionnykh kharakteris-
tik / Ja. M. Radkevich, M. S. Ostrovskij, P. F. Bojko /| Gornoe obo-
rudovanie i elektromekhanika. — 2008. — No 10. — P. §-12.

Gerike B. L. Vibromonitoring gornykh mashin i oborudovanija / B. L.
Gerike, 1. L. Abramov, P. B. Gerike. — Kemerovo: KGTU, 2007. — 190 p.
Ostrovskij M. C. Tekhnologija vibromonitoringa tekhnicheskogo sos-
tojanija gornykh mashin na etape ekspluatacii / M. S. Ostrovskij, Ja.
M. Radkevich, P. F. Bojko // Gornoe oborudovanie i elektromek-
hanika. —2008. — No 10. — P. 2-8.

Arpabekov M. I. Tekhnicheskie sredstva diagnostiki samokhodnogo
gornogo oborudovanija i kar'ernogo transporta / M. 1. Arpabekov //

Problemy kar'ernogo transporta: materialy 10-j MNPK, Ekaterinburg,
Institut gornogo dela. — Ekaterinburg: Ural'skoe otdelenie RAN,
2009.—P. 19-24.

Horeshok A. A. Metod kompleksnogo diagnostirovanija reduktorov
motor-koles kar'ernykh avtosamosvalov v uslovijakh predprijatij

OAO "UK Kuzbassrazrezugol" / A. A. Horeshok, A. V. Kudrevatyh //
Gornaja promyshlennost'. —2010. — No 5 (93). — P. 60-64.

Baujer F. Predotvratit' avarijnyj ostanov. Onlajn monitoring vibracii
oborudovanija na primere jelektricheskih odnokovshovyh jekska-

vatorov / F. Baujer // Gornaja promyshlennost'. —2013. — No 4 (110).
—P. 41-44.

Bicnux HTY "XIII". 2016. Ne 23 (1195)

57



Tlpobnemu mexaniunoeo npusody ISSN 2079-0791

25. Trubeckoj K. N. Sovremennye sistemy upravlenija gorno-transportnymi Date of access: 06.02.2013.
kompleksami / K. N. Trubeckoj [i dr.]; Pod red. K. N. Trubeckogo.—  33. Healthy and wise // Mining Magazine. — 2009. — No 1. — p. 20-23.
S.-Peterburg : Nauka, 2007. — 306 p. 34. Taking a Pulse // Mining Magazine. — 2011. —No 1. — p. 19-23.

26. Health and Usage Monitoring Systems HUMS [Electronic resource]. ~ 35. Minecare. Maintenance management /Advertising booklet
Mode of access: http://ezinearticles.com/?Health-and-Usage-Moni- MODULAR MINING SYSTEMS, INC. —2013. -6 p.
toring-Systems-HUMS&id=3582130. Date of access: 06.02.2013. 36. Vasil'ev V. Glavnoe sredstvo bor'by s konkurentami / V. Vasil'ev [Jel-

27. Adrian I. Cuc. Vibration-Based Techniques for Damage Detection ektronnyj resurs]. — Rezhim dostupa http://www.osl.ru/arti-
and Health Monitoring of Mechanical Systems / . Cuc. Adrian; Uni- cle/truck/2006_05_A_2006_09 29-17 54 24. — Data dostupa:
versity of South Carolina. —2002. — 113 p. 02.05.2014.

28. Bortovaja sistema kontrolja diagnosticheskaja [Jelektronnyj resurs]. —  37. Galjamov P. M. Dinamika troganija trollejbusa s adaptivnoj sistemoj
Rezhim dostupa: http:/farnell.by/?page id=285. — Data dostupa: upravlenija tjagovym jelektrodvigatelem / P. M. Galjamov, V. B.
06.02.2013. Al'gin, S. I. Zaichenko // Mehanika mashin, mehanizmov i materialov.

29. Polety vertoljotov budut kontrolirovat'sja novejshej razrabotkoj hold- —2009.—-No 1 (6). — p. 34-40.
inga "Vertoljoty Rossii" — perspektivnoj sistemoj bezopasnosti ~ 38. Ishin N. N. Dinamika i vibromonitoring zubchatykh peredach / N. N.
A- HUMS [Jelektronnyj resurs]. — Rezhim dostupa: http://www.rus- Ishin. — Minsk: Belarus. navuka, 2013. — 432 p.
sianhelicopters.aero/ru/press/news/3093/. — Data dostupa: 06.02.2013. 39. Migal' V. D. Tehnicheskaja diagnostika avtomobilej: spravochnoe po-

30. Grabill Paul. Automated Helicopter Vibration Diagnostics for the US sobie: v 6 vol. — Kharkov, 2012. — Vol. 3: Metody diagnostirovanija.
Army and National Guard / Paul Grabill, John Berry, Lem Grant, -574p.

Jesse Porter /| American Helicopter Society 57" Annual Forum,  40. Migal' V. D. Tehnicheskaja diagnostika avtomobilej: spravochnoe po-
Washington, DC, May 9-11, 2001. sobie: v 6 vol. — Kharkov, 2012. — Vol. 4: Sredstva diagnostirovanija.

31. Diagnosticheskij skaner Cat ET [Jelektronnyj resurs]. — Rezhim — 547 p.

dostupa: http://www.cat.com/ — Data dostupa: 06.02.2013. Received 20.03.2016

32. Sistema (VHMS) HD605-7 [Electronic resource]. Mode of access:
http:/swww.komatsuamerica.com/?P=equipment*fl=view*prdt id=627*info. —

FBionioepagiuni onucu / bubnuozpaguueckue onucanus / Bibliographic descriptions

BiopoaiarnocTuka 3youactux nepenaq Mooinbaux Mmamut / H. H. Tiiun, C. A. T'aBpuiios, H. H. MakcuM4eHKo
// Bicauk HTY "XIII". Cepisi: [Ipobaemu mexaniunoro npusoay. — X. : HTY "XIII", 2016. — Ne 23 (1195). — C. 51-58. —
Bibmiorp.: 40 nass. — ISSN 2079-0791.

Buoponnarnocruka 3y04areix nepeaay MoonabHbeix Mmamns / H. H. M, C. A. T'aspuiios, H. H. Makcum-
yenko // Bichuk HTY "XTIII". Cepis: [Ipobiemu mexaHiunoro mpusony. — X. : HTY "XIII", 2016. — Ne 23 (1195). —
C. 51-58. — Biomuorp.: 40 Ha3B. — ISSN 2079-0791.

The vibration diagnostics of the mobile machines tooth gears / N. N. Ishin, S. A. Gavrilov, N. N. Maksimchenko
// Bulletin of NTU "KhPI". Series: Problems of mechanical drive. — Kharkiv : NTU "KhPI", 2016. — No. 23 (1195). —
P. 51-58. — Bibliogr.: 40. — ISSN 2079-0791.

Bioomocmi npo aemopie / Ceedenus 06 asmopax / About the Authors

Twiun Muxona Mukonaiioeuy — TOKTOp TEXHIYHHX HAyK, OICHT, epkaBHA HaykoBa ycraHoBa "OO0'eqHaHwmiA 1H-
CTUTYT MaluMHOOyyBaHHA HanionansHoi akanemii Hayk binopyci”, nupekrop HaykoBo-TexHiuHOTO Hentpy "Kap'epna
TexHika", M. MiHCBK, binopycs; Temn.: (8017) 284-29-12; e—mail: nik_ishin@mail.ru.

Huwun Huronai Hukonaeguu — OKTOP TEXHMYECKHUX HAyK, JOLEHT, FOCYAapPCTBEHHOE HAay4HOE YUPEXKICHHUE
"OO0BbeIMHEHHBIH HHCTUTYT MalIMHOCTpOeHUsT HalmoHanpHOW akaleMun Hayk bemapycu" mupekTop HayIHO-TEXHUIE-
ckoro neHTpa "KapoepHas Texauka', . Munck, benapycs; tem.: (8017) 284-29-12; e-mail: nik_ishin@mail.ru.

Ishin Nikolay Nikolaevich, Doctor of Techical Sciences, Docent, State Scientific Institute "The Joint Institute of
Mechanical Engineering of the National Academy of Sciences of Belarus", Director of Scientific and Techical Center of
Quarry Mashinery, Minsk, Belarus; tel.: (8017) 284-29-12; e-mail: nik ishin@mail.ru.

Taspunoe Cepeiit Onexciiioguy — KaHIAAT TEXHIYHUX HAYK, JUPEKTOP BUPOOHUIO-cepBicHOTO mianpruemctsa "Tloi-
TaBa-ABTOKOMIUTEKT", M. Komcomoubcbk [TonraBebkoi 00:1.; Tei .: +38-05348-33832; e—mail: p.avtokomplekt@ukr.net.

T'aspunoe Cepeeit Anexceeéuy — KaHIUIAT TEXHMYECKUX HAYK, TUPEKTOP MPONU3BOICTBEHHO-CEPBUCHOTO TIPEITPHUSITHS
"TMontaBa-ABTokoMIUTeKT", T. KoMcoMomnbck [TonraBckoit 00:.; Ten.: +38-05348-33832; e-mail: p.avtokomplekt@ukr.net.

Gavrilov Sergey Alekseevich — Candidate of Technical Sciences, Director of Production Service Company "Poltava-
Autocomplect"”, Komsomolsk Poltavskoj obl.; tel.: +38-05348-33832; e-mail: p.avtokomplekt@ukr.net.

Maxcumuenxo Hamanin Mukonaigna — kanauaaT TEXHIYHUX HayK, Iep)KaBHA HaykoBa yctaHoBa "O0'eqHaHMMA
IHCTUTYT MaIMHOOyAyBanHs HanioHansHoT akagemii Hayk binmopyci", npoBigHuii HayKoBUi cliBpoOiTHUK Jabopa-
TOpii MPUBOJIHUX CUCTEM 1 TEXHOJIOTIYHOTO O0ONamgHaHHA, M. MiHCBK, binopyce; Ten. +375-17-284-08-71; e-mail:
maksnat2001@mail.ru.

Maxkcumuenxko Hamansa Huxonaeena — xaHnuaaT TEXHHUECKUX HAYK, TOCYJapCTBEHHOE HAyYHOE yUPEKICHHUE
"OOBbeAMHCHHBII HHCTUTYT MalIMHOCTpOoeHUs HarmonansHOW akamemun Hayk bemapycu", Beaymuii HAydHBIA COTPY/I-
HUK J1a00paTOpHUX PUBOTHBIX CUCTEM M TEXHOJIOTHIECKOTO 000pymoBanus, T. MUHCK, benapycs; Ten. +375-17-284-08-71;
e-mail: maksnat2001@mail.ru.

Maksimchenko Natalia Nikolaevna — Candidate of Technical Sciences, State Scientific Institute "The Joint Institute
of Mechanical Engineering of the National Academy of Sciences of Belarus", leading research worker of Laboratory of
Driven System and Process Equipment, Minsk, Belarus; tel. +375-17-284-08-71; e-mail: maksnat2001@mail.ru.

58 Bicnux HTY "XIII". 2016. Ne 23 (1195)



