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Summary. It is known that forest machines include vari-
ous harvesters, forwarders and combinations of them,
which is also called combined machines. In this descrip-
tion, these combined machines are also included when
harvesters are mentioned, if we consider a function simi-
lar to the function in a harvester. It is known that control
systems are used to control the forestry machines. One
control system of prior art is Jack Matic, which is a sys-
tem for controlling functions of the forest machine and
particularly a harvester head (harvester head) and for
measuring and sawing timber. In the forest machine con-
trol system controls, among other things, a diesel engine,
a transmission unit of the hydrostatic drive of the harvest-
er head and crane system, which is connected with the
capture of the harvester, as well as all auxiliary functions
associated with them. The control system operates, for
example, in the operating environment PC/Windows
2000. In team sawing control system to be treated wood
may include, for example, the value distribution and table
color paint, group types of wood and types of trunks.
Through the included in the in matic 300 application it is
possible to analyze and compute the production results,
such as number, length and diameter of the logs, levels of
distribution, group types of wood and types of trunks.

The control system manages, for example, the capture of
the harvester so that the supply control log will automati-
cally adjust the feed rate and pressure of feed rollers and
knives and succoring that the protection function of the
slippage will prevent slippage of the feed rollers and will
give the possibility to stop the tree trunk exactly to cut.
The display device and the CPU of the control system are
placed in the cockpit within reach for the driver. Typical-
ly, the system also includes a printer.

Control bus in the control and measuring automatics of
the control system is based on the known from the prior
art technical solution CAN bus (asynchronous serial
communication bus) in which data is routed in digital
form. In the bus control and measurement signals are
transmitted by way of also as such known. Based on the
data it is possible to monitor measurements relating to the
duration and functional performance of various stages
during processing. On the basis of signals and measure-
ments, get information about the functional times and
duration for the components responsible for different
functions. Components can be, for example, is designed
for functions of the crane system or the harvester head
connected with her, such as feeding, diameter measure-
ment, length measurement, sawing and cutting branches.
Separate treatment of the trunk of a tree includes a large
number of measurement values that can be stored in a
database that further comprises a classification, for exam-
ple, on the basis of size classes trunks and logs. Size class

of the trunk is known on the basis of the measurement
values.
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INTRODUCTION

The system of measurement of parameters of tech-
nical condition of machines for forestry work refers to the
measurement of the condition or characteristic values for
the performance of one or more subsystems in the ma-
chine for forestry work and submission of the result of the
operator [1, 2]. Each measurement includes filtering the
interfering data to each individual event and data pro-
cessing (obtaining) reliable characteristic value that can
be used in the maintenance and optimization of the pa-
rameters of the technical condition of the machine [3, 4].

A group of systems of measurement of parameters of
technical condition of machines for forestry work is a
means of monitoring the performance of the subsystem of
forest machines [5, 6]. The principle of group of inven-
tions is that accumulate data related to a function of said
subsystem or to perform the mentioned functions, deter-
mine one or more characteristic values to describe the
parameters of the technical state of machines are constant-
ly in accordance with the data, and monitor changes over
time mentioned one characteristic value or several charac-
teristic values, the time variation of the mentioned one
characteristic value or several characteristic values dis-
plays the user in form of graphical representation [7, 8].

THE ANALYSIS OF RECENT RESEARCHES
AND PUBLICATIONS

The system of measurement of parameters of tech-
nical condition of machines for forestry work relates to a
computer program, which relates to a method and to a
computer program product [9, 10].

Implementation of systems of measurement of pa-
rameters of technical condition of machines for forestry
activities in accordance with the options for monitoring
are separated:

- current status for the close function of the harvester
[11, 12],

- the current state of the supply function of the har-
vester [13, 14],

- capture device of the harvester [15, 16],

- performance of machines for forestry work [17, 18],

- the fuel consumption of machines for forestry work
[19, 20],
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- condition (block) transmission hydrostatic drive of
machines for forestry work [21]

- function crane systems of machines for forestry
work [22].

OBJECTIVE

The purpose of the paper was put to analytically de-
scribe the methodological approaches to control system
parameters of the technical condition of machines for
forestry work.

THE MAIN RESULTS OF THE RESEARCH

In the prior art it is known that machines for forestry
work included in the various harvester, forwarders and
combinations of them, which is also called combined
machines.

In this review, these combined machines also are
included when mentioned harvester if we consider a
function similar to the function in harvester. It is known
that control systems are used to control machines for
forestry work.

One control system of the previous prior art is
Timberjack Timbermatic 300 (Fig. 1), which, in turn, is a
system for controlling machine functions, for timber
works and specifically the head of the harvester and for
measuring and sawing timber.

Fig. 1. General view of machines for forestry work

The forestry works management system controls,
among others, a diesel engine, a transmission unit of the
hydrostatic drive of the harvester head and crane system,
which is connected with the capture of the harvester, as
well as all auxiliary functions associated with them.

Considered control system works in the operating
environment PC/Windows 2010.

The team sawmilling management system to be
processed wood, you can include the value, distribution,
and color table, group types of wood and types of trunks.

With the help of included in the Timbermatic 300
system application, you can analyze and compute the
production results, such as number, length and diameter
of the logs, the distribution level, group types of wood
and types of trunks (Fig. 2).

The control system controls the capture of the
harvester so that the supply control log will automatically
adjust the feed rate and the pressure feed rollers and
accordnig knives, and a function of preventing slippage
will prevent slippage of the feed rollers and to give the
possibility to stop the tree trunk exactly to cut (Fig. 3).

Fig. 2. General view of the control parameters of the
technical condition of machines for forestry work

Fig. 3. General view of the control parameters of the
technical condition of heads machine for forestry work

The display device and the CPU of the control system
are placed in the cockpit within reach for the driver. Typi-
cally, the system also includes a printer. Control bus the
control and measuring automatics of the control system is
based on the known from the prior art technical solution
CAN bus (asynchronous serial communication bus) in
which data is routed in digital form. In the bus control and
measure signals transmitted by a known method. Based
on the data is the ability to monitor measurements relating
to the duration and functional performance of various
stages during processing (Fig. 4). On the basis of signals
and measurements, get information about the functional
times and duration for the components responsible for
different functions. For example, components can be de-
signed for the functions of the crane system or the har-
vester head connected with it, such as a view, diameter
measurement, length measurement, sawing and cutting of
knots. Separate treatment of the trunk of a tree includes a
large number of measurement values that can be stored in
a database that further comprises a classification, for ex-
ample, on the basis of size classes trunks and logs. Size
class of the trunk we know on the basis of the measure-
ment values. Reduced technical characteristics of the for-
warder, harvester or harvester capture how the system and
its subsystems and components of function will reduce the
optimality and efficiency of logging operations (Fig. 5).
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Fig. 4. The dependence of values trunk acceleration and head harvester for the trees
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Fig. 5. The index of the harvester head

It was difficult to have a long-term decrease of pa-
rameters of technical condition of machines for forestry
work as they were based on subjective assessments and
experience of the operator or maintenance staff and fit-
ters, which can be time-limited and apply only to certain
individual machines for forestry work. In addition, it was
impossible in a reliable way to assess the effectiveness of

the repair and replacement of parts, or changes in the
ways disability (Fig. 6). For example, earlier it was not
possible in a reliable way to monitor the condition of the
cutting function or the supply function of the harvester. In
the technical solutions of the prior art time periods of
spraying are compared with set alarm limits and when the
limit is exceeded, the driver displays warning (Fig. 7).
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Fig. 7. The dependence of values trunk speed and head harvester for the trees

However, the working characteristics of the spray
system or, on the other hand, the supply function is one of
the most important factors in the performance of the har-
vester (Fig. 8).

The reduced performance will reduce the effective-
ness of logging and if a long time a failure can lead to
further damage, what is worse still, or to stop production.

In addition, previously it was not possible to monitor
the state of the contents of the barrel grip harvester.

The contents of the barrel grip harvester is an im-
portant factor in the performance and measurement accu-
racy of the harvester (Fig. 9).

The deterioration in retention of the barrel will re-
duce the effectiveness of the logging operations.

For example, if the clip soccorsi knives is insuffi-
cient, the driving force of the paper feed roller is not ef-
fectively transmitted to the barrel and, on the other hand,
will be degraded the accuracy of the diameter measure-
ment (Fig. 10).
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Fig. 9. The index of the harvester head with round wood

The accuracy of the measurement of length will also
be degraded because it will increase violation of the con-
tact between the measuring roller and the barrel.

If the clip soccorsi knives is too strong then the force
of friction between the blade and the barrel is too big.

Thus, the feed rate and the capture performance will
decrease and fuel consumption will increase.

Also it was not possible to measure the performance
of machines for forestry work so that the measurement
was useful in monitoring the performance and specifically
the technical condition of machines for forestry work.

Sufficient productivity of the harvester, that is a large
amount of timber processed in cubic meters per hour
(m*h), is the basic requirement for economic efficiency
of mechanized logging.

However, the performance of the harvester may be
reduced for a number of reasons such as technical failures
or installed machine options that are not suitable for con-
ditions. In addition, previously it was not possible to
measure the fuel consumption of machines for forestry
work so that the measurement was useful for monitoring
the condition of the machine.

Previously measured direct consumption per hour
which is not sufficient for evaluation of technical condi-
tion of machines for forestry work and for long-term
monitoring characteristics. The calculation of characteris-
tic values is usually performed in four steps: measure-
ment, removal of the abnormal dimension values, classifi-
cation and compensation of measurement data, and calcu-
lating characteristic values.
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After the characteristic value was calculated in real
time, the result is stored, and the user can observe the
dynamic changes of the characteristic values for the de-
sired period of time. Subsystems of machines for forestry
work included in the transmission system hydrostatic
drive Kranevo system, the sawing function of the harvest-
er, the feeding function of the harvester and the function
of holding the barrel of the harvester. The characteristic
values of the parameters of the technical condition of ma-
chines for forestry work is the performance and fuel
economy of the harvester.

Using a system of measurement of parameters of
technical condition of machines for forestry work to con-
trol the technical characteristics of machines for forestry
work, such as forwarders, harvester also allows you to
control the grip harvesters and monitoring long-term
trend, i.e. the change in time, which may be accomplished
by use of measurement values of the indices for various
components of the machine functions to forestry opera-
tions. Monitoring is carried out by maintaining sufficient
historical information or using the display changes graph-
ically or in the form of numerical data, or by obtaining log
data for analysis. Using a system of measurement of pa-
rameters of technical condition of machines for forestry
operations, it is possible to compare data relating to the
performance of functions and the data parameters of the
technical condition of the machine, measured in different
working conditions of machines for forestry work since
the parameters to be determined, the index values can be
established independent of variable factors, if needed.

The index values can be used to highlight the most
important information in a very compact form, in other
words, a complete picture of the parameters of the tech-
nical condition of the machine can be removed from mul-
tidimensional measurement data and a large number of
single measurements. The index, which is used as the
characteristic value is specified multiple times, and it is
determined at timed intervals when some conditions are
satisfied or, for example, when a sufficiently large pro-
cessing quantity or number of logs. The data used in the

22.03 23.03 24.03 26.03 30.03

system to monitor the status of machines for forestry
work, and the illustrative, comprehensive and detailed
data provides an excellent basis for expert evaluations as
to what the characteristics of these machines for forestry
work, which can take place possible problems, and what
needs to be done to improve the technical condition.

Specifically, when a measured parameter of the tech-
nical condition of machines for forestry work, another
particular problem is the dependence of measured values,
operating conditions and driving style of the driver. Even
these problems can be solved in accordance with the sys-
tem of measurement of parameters of technical condition
of machines for forestry work.

The developed system of measurement and calcula-
tion generates a characteristic value indicating the overall
technical condition of machines for forestry work, for
example, sputtering system or the supply function (sawing
index, feeding index). The cutting system consists of a
system formed by, diesel engine, drive pump, drive motor
saw and chain saw. Changes in the value of the character-
istic value that is continuously updated indicate changes
in the technical condition of the spray system or supply
function.

In addition, the system of measurement of parameters
of technical condition of machines for forestry work pro-
vides an index used to transfer the state of the actuator as
the harvester and forwarder that indicates the relation
between the required rotation speed of the hydraulic mo-
tor and used speed. The drive transmission system typi-
cally contains the hydraulic motor and hydraulic pump
operating in a closed system. By monitoring the load dis-
tribution are found to be the relative change in the trans-
mission drive and maintenance requirements. Historical
information is an important source of information in an
unexpected failure events.

In addition, the system of measurement of parameters
of technical condition of machines for forestry work pro-
vides an index that indicates the parameter of the tech-
nical condition of the crane system, describing the func-
tion of the crane system or forwarder or harvester.
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Thanks to the system of measurement of parameters
of technical condition of machines for forestry work can
be:

- Proactively identify reduced parameter of the tech-
nical condition of the machine. Work parameters can be
restored to an acceptable level faster than before, and the
average productivity will increase. Repair work can be
performed in advance in connection with the usual ser-
vice, and the resulting increase in utilization will also
increase average productivity.

- Proactively detect errors in the contents of the trunk
and the causes can be established immediately. The per-
formance can be raised to an acceptable level faster than
before, and the average productivity, the average meas-
urement accuracy of the machine will be improved.

- Monitor fuel economy or performance, which can
be restored to an acceptable level faster than before, and
maintenance costs for the machine will be reduced. Re-
pair work can be performed in advance, and utilization
will increase.

In various embodiments of the system of measure-
ment of parameters of technical condition of machines for
forestry work includes the steps of calculating in real
time, for example, characteristic values of the technical
parameters of cutting with a saw or view the characteristic
values for the performance of the fuel consumption, the
characteristic values for the working characteristics of
crane system, the characteristic values for the condition of
the drive transmission or the characteristic performance
values save characteristic value and display to the opera-
tor the prehistory of the parameters of the technical condi-
tion of the machine. The measurement, calculation and
display of results are performed on a personal computer
(PC) related to the control system for forestry machinery.

In various embodiments of the system of measure-
ment of parameters of technical condition of machines for
forestry work also include the steps of calculating in real
time the characteristic values for retention of the trunk,
save characteristic value and display to the operator the
prehistory of the working characteristics. The measure-
ment, calculation and display of results are performed in
modules that are related to the control system machine.

CONCLUSIONS

1. A particular advantage lies in the fact that the im-
plementation of the various embodiments of the invention
does not require the inclusion in the machine of new sen-
sors or computing modules, if it is not necessary. By in-
corporating the new sensors is also possible to control
objects that are not usually included in the monitoring
using the control system of the machine for forestry work,
but which may be significant for condition monitoring.

2. In one embodiment of the system restore parame-
ters of the technical condition of machines for forestry
work calculation according to the invention uses the key
dimensions of diameter and length to handle the charac-
teristic value retention of the barrel, which can be used as
the basis for maintenance activities and settings the setup
acquisition parameters. This is not allowed in any moni-
toring solution, the relevant prior art.

3. The most important feature of graphical represen-
tation of the background characteristic values in accord-
ance with various embodiments of the invention is that it
is illustrative for the operator. The background of the in-
dex can be graphically represented in various ways.

4. The indexes derived in the different examples of
the implementation of the system of measurement of pa-
rameters of technical condition of machines for forestry
work, can be used to calculate the common index to de-
scribe the full operation of the machine for forestry work,
for example, using a weighted average. The index values
for the various components functions are used to config-
ure optimally the various control parameters of the control
system of the forestry machine.
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CHUCTEMA KOHTPOJIA ITAPAMETPOB
TEXHNMYECKOI'O COCTOSHIA
MANINH JJIA JECOTEXHUYECKUX PABOT

Jliwomuna Tumosa, Mean Pocosckuti

AHHoTanus. M3BeCTHO, YTO JE€COXO35IICTBEHHBIC Mallu-
HBl BKJIIOYAIOT B COCTaB pa3JIMUHBIE XapBeCTEpbl, (op-
BapJepsl U KOMOMHAIIMM M3 HHUX, KOTOPbIE TAaKXKe Ha3bl-
BalOT KOMOMHMPOBAHHBIMH MallMHAaMH. B 1aHHOM oOmu-
CaHUM TaKue KOMOWHHMPOBAaHHBIC MAIIMHBI TaKXe SBIIS-
JOTCSI BKIIFOUCHHBIMH, KOT/Ia YIOMHHAIOTCSI XapBECTEPHI,
ecnu paccMaTtpuBaeMas (DYHKUIUS MMOJOOHAa (QYHKIHH B
xapBecTepe. M3BECTHO, YTO CHCTEMBI YIIPaBICHUS HC-
MOJB3YIOTCS, YTOOBI YIPABIATH JIECOXO3AHCTBEHHBIMU
MamuHaMu. OfHOM cuCTeMO# yNpaBlieHHs NpealIecTBY-
IOIETO YPOBHS TEXHHUKH sBIseTcs jack matic, xoropas
SIBJISIETCS CUCTEMOM ISl yIpaBlieHHs] (YHKIHSIMH JIECO-
XO35MICTBEHHOI MAaIllMHBI U KOHKPETHO I'OJIOBKOH XapBe-
cTepa (BaJIOYHOM TOJIOBKOM) M i1 MU3MEPEHHS U paclu-
JIOBKM JiecoMaTepHuasioB. B 1ecoxo3siCTBEHHON MallnHe
CHCTeMa YNpPaBICHUS YNPABISIET, CPEAN IPOYEro, AH-
3€JbHBIM JIBUTATENIEM, OJIOKOM Hepenaddl THAPOCTATHYC-
CKOTO NPHUBOJA, TOJIOBKOH XapBecTepa W KPaHOBOM cH-
CTEMOH, C KOTOPOH COEIMHEH 3aXBaT XapBecTepa, a TAKXKe
BCEMH BCIIOMOTATEJIbHBIMH (DYHKIHSIMH, CBSI3aHHBIMHU C
HUMH. PaccmaTpuBaemas cuctema yrpaBieHHsS paboTaer,
HampuMep, B oneparuonuoi cpexe PC/Windows 2000. B
KOMAaHJIBl PACIIIOBKH CHCTEMBI yNPaBICHUS IS MOJIe-
Kamied o0pabOTKe JpeBECHHBI BO3MOXKHO BKIIIOUATH,
HanpuMep, 3Ha4eHHe, paclpeeleHue U TaOauIbl IBETO-
BOM OKpAacKu, IPYIMIbI TUIIOB JPEBECHHBI U THITBI CTBOJIOB.
IMocpencTBoM BKIIOYEHHOTO B COCTaB B cHUCTeMBl Matic
300 npunokeHUs BO3MOXKHO aHAIM3UPOBATh U BBIUKC-
JSATh Pe3yNbTaThl BBIPAOOTKH, TAaKHWE KaK KOJHMYECTBO,
JUIMHA 1 AuaMeTp OpeBeH, YPOBHU paclpeeNieHus], TpyI-
ITBI TUTIOB JIPEBECHHBI ¥ THITBI CTBOJIOB.

Cucrema yIpaBieHHs YIPaBISET, HAapUMeEp, 3aXBaTOM
XapBecTepa TakuM 00pa3oM, YTO YIpaBJIE€HHE IMoJadyer
OpeBHa OyneT aBTOMAaTHYECKH IOACTPaMBaTh CKOPOCTH
MOJJaYH U JIaBJIEHHE MOJAIOIINX POJIMKOB U CYYKOPE3HBIX
HOXEH M 4TO (yHKIHS MPEIOXPAaHCHHS OT HMPOCKAIb3bI-
BaHUS OyJeT MpeIOoTBpAaIlaTh MPOCKAIb3BIBAHHE HOIAI0-
IIUX POJIMKOB M OyJeT JaBaTh BO3MOXKHOCTH OCTaHABIIHU-
BaTh CTBOJI IEPEBA TOYHO TSI pacluia.

YcerpoiicTBO 0TOOpaXkeHHs M LEHTPAIbHBIA Ipoleccop
CHCTEMBI YIPABJICHUS IOMEIIAIOTCS B KaOWHE B Ipezesax
JocsiraeMocTH Juisi BoauTens. OOBIYHO cHCTEMa TakKxke
COJIEPAKUT IPUHTEP.

IlluHa ynpaBieHUs: B KOHTPOJIBHO-U3MEPUTEIBHON aBTO-
MaTHKe CHCTEMBI YIPAaBJICHHS OCHOBBIBAETCS Ha M3BECT-
HOM W3 YPOBHS TEXHHKH TE€XHHYECKOM PEIICHWH IIHHBI
CAN (acuHXpOHHAsI MOCJEI0BaTE/IbHAS KOMMYHHKAI[H-
OHHAs IIMHA), B KOTOPOH JaHHBIE MPOIMYCKAIOTCA B IH (-
poBoii opme. B mmHe ynpaBneHUs W3MEpEeHUs U CHTHa-
JBI TIEPENAIoTCsl Crioco0OM, TaKXKe KaK TaKOBBIM HM3BECT-
HbIM. Ha OCHOBE JaHHBIX SIBIIIE€TCSI BO3ZMOXKHBIM KOHTPO-
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JIUPOBATh U3MEPEHMUsS], OTHOCAIIMECS K MPOAOIKUTEIbHO-
CTH M (QYHKIHOHAILHOMY OBICTPOJCHCTBHIO Pa3IMYHBIX
3TanmoB B xone 00paboTku. Ha OCHOBaHHMM CHUTHAJOB H
n3MepeHunil nosry4yaot nHGopManuio o GyHKINOHAIBHBIX
BpPEMEHAX MW XPOHOMETPaXke ISl KOMIIOHEHTOB, OTBEYa-
IOMUX 3a pasnudHble QyHKOUH. KOMIOHEHTHI MOTYT
ObITh, HaNpHUMeEp, MPEAHA3HAYCHBI A (QYHKIMH KpaHO-
BOM CHCTEMBI WM F'OJIOBKU XapBecTepa, CBSI3aHHOU ¢ HEH,
TaKMX Kak II0/1a4a, M3MEPEHHE AHaMeTpa, HM3MEpEHHe
JUIMHBI, TUJICHNE U pe3ka cyubeB. OOpaboTka OTAeIbHOTO
CTBOJIA JIepeBa BKIIFOYAET B COCTAaB OOJIBIIOE KOIHMYECTBO
3HAUEHHUH M3MEpPEeHHH, KOTOpbIe MOTYT XpaHHUThCS B Oaze
JIAaHHBIX, KOTOpasi JOMOJHUTEIBHO COAEPKHUT Kilaccu(pu-
KalluIo, HallpUMep, Ha OCHOBE Pa3MEpHBIX KIACCOB CTBO-
noB u OpeBeH. Pa3MepHbIii Kiacc cTBONa SIBIISiETCS
M3BECTHBIM HAa OCHOBE 3HAYEHUI U3MEPEHUH.

KiiroueBble ¢j10Ba: TEXHUYECKUM KOHTpOJIb, MapameTp,
TEXHHMYECKOE COCTOSIHUS, PECypc, CUCTEMa, MaIluHa JUIs
JIECOTEXHUUYECKHUX PadOT.
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