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RELIABILITY OF HYDROPNEUMODRIVES FOR METAL CUTTING EQUIPMENT

The reliability of hydropneumodrives largely determines the safety of machine tools, metal cutting equipment, the movement of transport vehicles, and
the flight of modern passenger aircraft, and their failures can in some cases lead to accidents. The design stage is crucial in ensuring reliability. The
main tasks of reliability research and calculation at this stage can be divided into three groups. First, it is a justification of reliability requirements for
the main elements of the hydraulic pneumatic actuator (the task of reliability norming). This task is solved at an early stage of design and involves the
preliminary development of the unit structure and justification of design principles. Secondly, it is to ensure the reliability of the elements and the unit
as a whole. This group of tasks includes research and quantitative assessment of the efficiency of possible ways to ensure reliability; selection of basic
design characteristics, statistical reserves of durability and longevity, stability reserves and other indicators; comparative analysis of options and
selection of optimal designs. Thirdly, these are control calculations of the unit's reliability according to the design documentation. Algorithms for the
distribution of normalised reliability indices at the design stage for hydropneumodrives implemented by the standard positional structure method and
the minimisation method are obtained. Algorithms allow already at the early stages of hydropneumodrive design to normalise reliability indices, which
makes it possible to obtain optimal solutions of reliability issues at the subsequent stages of development of the drive life cycle. The methods of
calculation and determination of design relations for finding quantitative characteristics of failure-free indices of designed hydropneumodrives,
implemented by the method of standard positional structure and the method of minimisation, are selected, which allows designing highly reliable
hydropneumodrives for new metal cutting equipment. Evaluation of reliability indicators of hydropneumodrives at the stage of preliminary design
allows to make a rational choice of structural scheme and parameters, to select appropriate materials and elements of scheme realisations.

Keywords: reliability, hydropneumodrive, probability of failure-free operation, failure rate, method of distribution of reliability norms,
vulnerability factor.

H. M. DATEEBA, O. M. PATEEB, B. B. II0OJIAKOB
HAJIAHICTH I'JIPONHEBMOIIPUBO/IIB METAJIOPI3AJILHOT'O YCTATKYBAHHS

HanifiHiCTh TiApOMHEBMOIPHBO/IB y BENUKil Mipi BH3Haudae Oe3leKy pOOOTH BEpCTATiB, METANOPi3albHOIO YCTaTKYBAaHHS, PyXy TPaHCIOPTHHX
MaIlIUH, MOJBOTIB CYYaCHHX MAaCaXUPCHKUX JITAKIB 1 iX BIAMOBH B psiIi BUIAAKIB MOXKYTh IPUBECTH /10 aBapiil. Etam npoekTyBaHHS € BU3HAYAIbHUM
y 3a0e3nedeHHi HaaiiiHoCTi. OCHOBHI 3aBJaHHs JOCIHIKEHHS 1 PO3paxyHKy HaJIHHOCTI Ha IbOMY €Tali yMOBHO MOXKHA PO3JUIMTH HA Tpu rpynd. Ilo-
nepiue, OOrpyHTYBaHHS BUMOI IO HaJilHOCTI IO OCHOBHHX EJIEMEHTIB TiJpOITHEBMOIPHBONY (3aBJaHHS HOPMYBaHHs HamilHOCTi). Lle 3aBmaHHS
BHUPILIY€ETHCSI HA PAHHIN CTail IPOSKTYBaHHS 1 epeadadae MonepeaHio po3poOKy CTPYKTYpH arperaty i oOrpyHTYBaHHS HPHHIMIIIB OPOSKTYBAHHS.
[o-npyre, 3abe3neyeHHst HAAIHHOCTI €JIEMEHTIB 1 arperaty B mioMy. Llst rpyna 3aBaHb BKJIIOYAE JOCIHIDKEHHS i KibKICHY OIL[IHKY €()eKTHBHOCTI
MOXUIUBUX CIIOCO0IB 3a0e3NeucHHs] HaJiHHOCTi; BUOIp OCHOBHHX IIPOEKTHHX XapaKTePUCTHK, CTATHCTHYHHX 3alaciB MIIHOCTI i JOBrOBIYHOCTI,
3amaciB CTIMKOCTI Ta IHINMX MOKA3HWKIB; MOPIBHJIBHHUI aHaii3 BapiaHTiB i BUOIp ONTUMalbHHX KOHCTpYyKLiil. Ilo-TpeTe, KOHTPOIBHI PO3PaxXyHKH
HaJIMHOCTI arperary 3a IMPOEKTHOI JOKyMeHTauiero. OTpUMaHO QJIrOpUTMH Uil PO3NOALTY HOPMOBAHMX IOKAa3HHWKIB HaaiiiHOCTI Ha erari
IPOEKTYBaHHS JUI TiIPOMHEBMONPHBOJIIB, peali30BaHHX METOJOM CTaHIAPTHOI IO3MLIHHOI CTPYKTYpH 1 METOIOM MiHiMi3amil. AnropurMu
JIO3BOJISIIOTh B)KE HA PAHHIX CTAAisX MPOEKTYBAHHs TiAPONHEBMONPHUBOIIB HOPMYBAaTH MOKA3HUKH HAIIMHOCTI, IO Ja€ MOXJIUBICTH OTPUMYBATH
ONTUMAIIbHI PIlICHHS NMUTaHb HAAIMHOCTI HA HACTYNHHX €Talax PO3pOOKH JKHTTEBOTO IUKIY MpuBoxy. OOpaHO METOAM PO3PaxyHKy i BU3HAYEHHS
PO3PaxyHKOBUX CIIBBiHONIEHb JUIS 3HAXOJ/DKCHHS KIIbKICHUX XapaKTEPHCTUK MOKAa3HUKIB O€3BiIMOBHOCTI IPOEKTOBAHHX TiJPOIHEBMOIPHBOLIIB,
peari3oBaHHX METOIOM CTaHIAPTHOI MO3ULIHOI CTPYKTYPH 1 METOJOM MiHiMi3allii, [I0 Z03BOJISIE TPOEKTYBATH BUCOKOHAIIHI TiApOITHEBMOIPHBOIN
HOBOTO MeTaJopi3aibHOTO oOsagHaHHA. OLiHKAa TOKa3HMKIB HaAiHHOCTI TiAPOIHEBMOIIPMBOJIIB HAa €Talli €CKI3HOTO IPOEKTYBaHHS JO3BOJIIE
3IHCHUTH pallioHaNbHUI BHOIp KOHCTPYKTUBHOI CXEMH 1 ITapaMeTpiB, MiibpaT BiAIOBIIHI MaTepiany i eIeMEHTH peatizamiil cxeM.

KarouoBi cioBa: HaxiiiHicTh, T'iJpONHEBMONPHBOJ, HMOBIPHICTH 0E3BIAMOBHOI pOOOTH, IHTEHCHBHICTH BiJMOB, METOJ PO3IOILIY HOPM
HaJIIHOCTI, KOe(ili€HT ypa3IMuBOCTI.

Introduction. In recent years, there has been a
tendency to expand the scope of application of
hydropneumodrives and increase the number of machines
and equipment that are installed with
hydropneumodevices, so the question of ensuring the
reliability of hydraulic pneumatic drives and their
elements has become especially important. Firstly, the
reliability of hydropneumodrives largely determines the
reliability of the entire machine or equipment, and the
timely completion of a given amount of work often
depends on the proper operation of hydropneumodrives.
Failures of hydraulic pneumatic drives on mass-produced
machines (machine tools, agricultural machines, tractors,
etc.) lead to downtime and significant economic
losses [1, 2]. Secondly, reliability of hydropneumodrives
to a great extent determines the safety of machine tools,
metal-cutting  equipment, movement of transport
machines, flights of modern passenger aircraft and their
failures in some cases can lead to accidents [3]. Therefore,

the questions within the competence of hydropneumodrive
reliability science are still relevant today.

Problem statement in a general way. The analysis
of earlier works connected with calculations of reliability
of hydropneumodrives has shown that researches and the
decision of a considerable part of questions arising in the
reliability theory in relation to hydropneumodrives, only
begun, and therefore in it many problems have not
received the due decision. Recently, there has arisen the
necessity of significant increase, in comparison with the
existing ones, of reliability of new high-performance
hydropneumodrives and insufficient development of
theoretical bases and practical methods of their reliability
analysis at the design stage [4,5]. Operational and
accurate analysis of reliability of hydropneumodrive
elements allows to reasonably take progressive design and
technological solutions to improve the reliability of
elements, thus guaranteeing the optimal performance of
the new design.
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Thus, increasing reliability and improving and
simplifying the process of selecting the best variant of
hydropneumodrives of metal cutting equipment at the
design stage by carrying out synthesis of schemes taking
into account quantitative reliability indicators and
distribution of normalised reliability indicators, is an
actual scientific and practical problem.

Main part. The design stage is a determining one in
reliability assurance. The main tasks of reliability research
and calculation at this stage can be conditionally divided
into three groups [6, 7]:

1) The first group is justification of reliability
requirements to the main elements of hydropneumodrive
(the task of reliability norming). This task is solved at the
early stage of design and provides preliminary
development of the drive structure and justification of
design principles.

2) The second group is to ensure the reliability of
elements and the drive as a whole. This group of tasks
includes research and quantitative assessment of the
effectiveness of possible ways to ensure reliability;
selection of basic design characteristics, statistical
reserves of durability and longevity, stability reserves and
other indicators; comparative analysis of options and
selection of optimal designs.

3) Control calculations of actuator
according to project documentation.

1. Algorithms for normalisation of reliability
indices for hydropneumodrives implemented by the
standard positional structure method and the
minimisation method. Distribution of reliability norms is
carried out at the stages of preliminary and detailed design
of a technical system [8]. It is assumed that at any of these
stages of design the system can be divided into a certain
number of subsystems in the form of separate assemblies
and proceed from the initial reliability of each subsystem,
obtained by calculation or according to the results of tests
of the subsystems [7]. Using methods of distribution of
normalised reliability indices, it is possible to lay down
the required functionality of the hydropneumodrive
already at the design stage.

For hydropneumodrives, which are synthesised by
the method of standard positional structure [9-11], the
distribution of normalised reliability indices at the design
stage is preferably carried out by two methods: the method
of proportional distribution and the method of distribution
of reliability requirements taking into account the relative
vulnerability of elements [7,8] and its algorithm is
implemented as follows:

- decomposition — breaking down the original
complex system into simple elements;

- for the command apparatus we apply the method of
proportional distribution of reliability indices, since the
command apparatus is considered as a system consisting
of sequentially connected subsystems containing k;
elements;

- determine  the quantitative composition of
subsystems in the command apparatus: each subsystem
consists of an AND element (A), a memory element
(ME) and an OR element (v ), i.e. ki = 3;

- determine the total number of subsystems of the

reliability

command apparatus: n;

- set the required probability of failure-free operation
PE(t) ;

- calculate the number of "reduced" elements:

- determine the required probability of failure-free
operation of the subsystem of the command apparatus:

P =4PF;

- determine the quantitative composition of the
remaining elements: identify the basis and intermediate
elements {the basis is a constant hardware part of the
hydropneumodrive, which remains unchanged both at
realisation of the scheme by the method of standard
positional structure (SPS) and at realisation by the method
of minimisation. The wvariable part of the
hydropneumodrive are intermediate elements (IE), the
number of which, in general, depends on the ways of
realisation of logic functions};

- apply to the remaining elemental composition the
method of distribution of reliability requirements taking
into account the relative vulnerability of elements;

- calculate vulnerability coefficients:

coj:xj/[inj, j=12...n;
i=1

- determine the required failure rates of elements
M=o A%, j=12,..n;

- find the necessary values of probability of failure-
free operation of elements;

- check the correctness of normalisation of reliability
indices of elements by calculating the total probability of
failure-free operation of the hydropneumodrive:

Psps 1= (Pcs/lib)n 'PBasis(t)'PlE ()= P* ),

if the hydropneumodrive doesn't contain any intermediate
elements:

Pegs (1) = (Pe")"  Paagis (1) = P7 (1) -

For hydropneumodrives, which are synthesised by
the minimisation method [9, 10], the distribution of
normalised reliability indices at the design stage is
preferably carried out by the method of distribution of
reliability requirements taking into account the relative
vulnerability of elements [7,8] and its algorithm is
implemented as follows:

- decomposition — break down the initial complex
system into simple elements and consider the quantitative
and elemental composition of the hydropneumodrive:
identify the basis, intermediate elements and memory

element — if they are provided by the scheme
implementation;
-set the required probability of failure-free
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operation PR (t);
- calculate vulnerability coefficients:

mj=xj/(2xi], i=12..,n;
i=1

- determine the required failure rates of elements
x? =0, AR j=1,2,..,n;

- find the necessary values of probability of failure-
free operation of elements;

- check the correctness of normalisation of reliability
indices of elements by calculating the total probability of
failure-free operation of the hydropneumodrive:

Pmin (t) = PME (t) 'PBasis (t) 'PIE (t) = PR (t) .

If the hydropneumodrive does not contain a memory
element, then:

I:’min (t) = PBasis (t) 'PIE (t) = PR (t) .

Proceed in the same way if the hydropneumodrive
doesn't contain intermediate elements or, if the
hydropneumodrive doesn't contain both memory elements
and intermediate elements.

2. Algorithms  for calculating  quantitative
reliability indices for hydropneumodrives
implemented by the standard positional structure
method and the minimisation method. All reliability
indices of the designed systems must ensure normal
functioning of the systems during the specified service
life. It is known that the main reliability indices are
unambiguously related to each other by appropriate
mathematical dependencies. Therefore, it is sufficient to
define some of them. When analysing hydraulic-
pneumatic drives as systems consisting of a certain
number of elements, it is convenient to use such an indices
as probability of failure-free operation, which refers to
quantitative indices of reliability [6, 7].

For hydropneumodrives, which are implemented by
the standard position structure method [9-11], the
algorithm for calculating quantitative reliability indices at
the design stage is as follows:

- decomposition — break down the complex system
into elements and consider the quantitative and elemental
composition of the command apparatus, based on the
graph-operations and the principle scheme of the
hydropneumodrive;

-using statistical and operational data of
hydropneumatic drives similar to the designed ones,
determine the average failure rate of the elements included
in the drive;

- find the probability of failure-free operation of the
command apparatus using the dependence:

Pea ®= Pue ®)- P, OF P, ® .

In the cases considered in this paper, this dependence
is generally represented as follows:

Pea (t) =exp{—tn(k,e +A, +1,)},

but may vary depending on the elemental and quantitative

composition of the command apparatus;

- determine the other elements that make up the
hydraulic pneumatic drive: select the basis and
intermediate elements;

- calculate the reliability function — probability of
failure-free operation of the basis Pgasis(t) and intermediate
elements Pe(t) (if there are intermediate elements in the
hydropneumodrive, respectively), taking into account their
elemental composition;

- find the total probability of failure-free operation of
the hydropneumodrive, which is synthesised using the
standard positional structure:

Paps = PCA(t)'PBasis (t)'PIE ().

For hydropneumodrives synthesised by the
minimisation method [9-11], an algorithm for calculating
quantitative reliability indices at the design stage is
implemented:

- decomposition — break down the complex system
into components and determine the elemental composition
of the hydropneumodrive, based on the system of logical
functions and the principle scheme of the drive
synthesised according to them;

- select the basis and intermediate elements of the
hydropneumodrive;

- calculate the probability of failure-free operation of
the memory element if it is a part of the
hydropneumodrive;

- find the probability of failure-free operation of the
basis Pgasis(t) and intermediate elements Pg(t) (if there are
intermediate elements as part of the hydropneumodrive,
respectively), taking into account their elemental
composition;

- find the total probability of failure-free operation of
the hydropneumodrive, which is synthesised by the
minimisation method:

Pmin (t) =Py (t) “ Poai (t) Py (t) )
if there is a memory element in the system or:
Pmin (t) = PBasis (t) ' PIE (t) !

in the absence of an ME. Proceed in the same way if the
hydropneumodrive does not contain intermediate elements
or, if the hydropneumodrive does not contain both the ME
and intermediate elements.

If the calculated fault-free operation indices are
lower than the required ones, then the units and sections of
the hydropneumodrive, which most of all affect the fault-
free operation of the unit as a whole, are determined, and
measures to improve their reliability are developed. Such
measures include: replacement of elements for more
reliable ones; easing the operating modes of elements, for
example, moving the element from the zone of high
temperatures; reservation of elements or separate sections
of hydropneumodrives; changing the design or
manufacturing technology of separate parts and units of
aggregates having low reliability. If necessary, the
structure of the construction of functional sections of
hydropneumodrives is changed [12, 13].

Conclusions. The obtained algorithms for
distribution of normalised reliability indices at the design
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stage for hydropneumodrives realised by the method of
standard positional structure and the method of
minimisation allow to normalise reliability indices already
at the early stages of hydropneumodrives design, which
makes it possible to obtain optimal solutions of reliability
questions at the subsequent stages of development of the
unit life cycle.

The selected methods of calculation and
determination of design relations for finding quantitative
characteristics of failure-free indices of designed
hydropneumodrives, implemented by the method of
standard positional structure and the method of
minimisation, allow to design highly reliable
hydropneumodrives of new metal cutting equipment.

Evaluation of reliability indicators of
hydropneumodrives at the stage of preliminary design
allows to make a rational choice of structural scheme and
parameters, to select appropriate materials and elements of
scheme realisations.
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