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Abstract. The paper tackles the problem of economic assedsoie design efficiency
regarding various technological systems at theestafj their operation. The modelling
algorithm of a technological system was performsthg statistical tests and with account of
the reliability index allows estimating the levélroachinery technical excellence and defining
the efficiency of design reliability against its rfilmance. Economic feasibility of its
application shall be determined on the basis ofiserquality of a technological system with
further forecasting of volumes and the range ofesparts supply.

1. Introduction

At present, it is critical to make a sound choidetaxhnological systems ensuring the minimum
operation cost until their write-off thus complyimgth all required restrictions on productivity and
performance standards of the equipment [1-3]. Grikeopossible ways to solve this task is to dgvelo
modelling algorithms that would provide for the siation of technological systems [4-6].

The technological system is understood as the fsequpment, machines, and units associated
with each other and operating to produce a uséfttan any production.

Simulation modelling of technological systems représ a numerical experimental method and
considers the influence of random factors on systexhavior during the generated time. The
modelling shall result in the numerical value ofatepted system performance evaluation criterion,
i.e. minimum operation costs.

2. Cost model of technological system

In order to assess the design efficiency of anypegent within a machine system, the mathematical
model was developed with account of its operatiogts; thus connecting technological system
performance with its cost.
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where n — number of subsysterig;— subsystem net book valug,sys — subsystem life before write-

off; Q — technological system performandg; — stock and inventory costs ratig; — operator’s
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payment ratet— shift durationTs, — total workload of support services per shift gnergy rate; N
— total subsystem electric power per j&l; — average power demand ratio within shift; t -atiee
subsystem runtime per shi; — subsystem overhaul co$t;, — average overhaul tim&;.s— current
subsystem lifetimejn — costs of subsystem dismantling, transportatiod mounting per every
overhaul; Trep.exm Tminrep — SUDSYstem meantime between repairs and mairtenaspectively; | —
number of repairsCrep.exm Cminrep — COStS Of repairs and servicing respectively (3); Trep.sub—
subsystem average fault correction time; m — maariee manpower.

Crep.exm = Trw " Qrep.exm + Cm; (2)
Cmin.rep =Trw* Qmin.rep + Crp + Cmv (3)

wherer,, — average hourly salary of maintenance staff;c@: Ominep— labor intensity of repairs and
maintenance respectivelg;,, C, — costs of spare parts and consumables respgctivel subsystem
failure rate.

The suggested expression (1) allows defining thergcosts of technological system performance
at any moment and assessing technological perfarenaof machines, efficiency of their
modernization, economic feasibility of their applion.

3. Smulation modelling algorithm
Below is the sequence of simulation modelling messtaking into account logical and probabilistic
approach and principles of statistical tests (M@@#elo method) [7, 8]:
- to define construction and functional schemea tchnological system and its machinery;
- to explain and create the reliability model,
- to adopt regulations on time between failures mudvery time for every functional machine or
unit and set parameters taking into account spegjferating conditions;
- to design the modelling algorithm depending aarttission:
task 1 — comparative performance analysis ofirgiple machines;
task 2 — integral estimation of machine reliayaili
task 3 — determination of optimal term of machimetime (optimization task);
- to set time between repairs and machine runtiefiere write-off.
Pretest reliability analysis may form the basisrf@athematical representation of machine operation
[9, 10].
In this case the design object represents a contpidxical system, in particular, a single-function
unit, intended to perform a certain task and cdingj$f some functional elements.
The operation of such system represents the seguémwarious states of its elements:
- workable — fitness for purpose, partial failure;
- unworkable — complete failure.
Each element lies within one of two states:

1if i-th element is workable;
X;(t) = { / (4)

0if i-th element is unworkable.
The system state is described by the state vetaystem elements:
X(X1, X5, .., X)) €27, (5)
where n — number of system elements.
It is considered that the system state changessritbed by homogeneous Markov process with

continuous time and finite discrete statesvhich is characterized by stationary transfethef rate
matrix from state into statg:

P;(t) = P{X(t + dt)} (6)
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Possible system states amansitions between them gpresented as marked state graplFig. 1
shows the systemstate graph consisting of two elements. Each eleofethe system is characteriz
by constant failure ratd; and constantrecovery ratey. ValuesAdt and ydt represent the system
transition rate from one stat&o another within time intervat.
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Figure 1. Marked state graph

Probabilities of states aresec to describe a random procesaking place withirthis system, and
thus the followingsystem of Kolmogorc equations is established:

{P(;(t) = —(A1 +22) - Po(8) + uqg - P1() + pip - Po(2)
P{(t) = A1 - Po(t) + pz - P3(6) — (g + A2) - P1(0) )
Py(t) = A3 - Po(t) + pq - Ps(t) — (u; + A1) - Po(0)
P3(t) = A1+ P,(t) + A5 - P() — (g + 115) - P3(8)

Probabilities of a system &ither stat within some time for the suggestestate graph are defin
proceeding from initialconditions andrandom values distribution lawegarding workable sta
failures and recovery rates.

Systems consisting of moeéements can be preser in a similar way.

A software program was designed describe the above-mentiondmthavio. The program
includes the following steps:

- failure-free time of certaisubsystemwithin thetechnological system is generaaccording to
the established distributidaws (example is given iFig. 2);

- first failed subsystem aunit is definei on the basis of staggrobability of different units and
according to formula (7), thethis time between failures is summarized with total operating time
of a technological system;
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Figure 2. Generatofa) and histogram (b) of time between failudestributior

- downtime of a failed unit is generataccording to the establishegcovery timelaws;
- current assessment r@iability indicators of a failed unit arttie technological system in gene
as well as the assessmensps$terrunit cost is made;
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- performance of gechnological systerwithin time in operation and curreahit operating cost of
a system (1) is calculated;

- newoperating time is generated bxcorrespondingandom value generator and residual fa-
free operating time is definddr a failed uni.

All this demonstrates thenoddling of a technological system througtandom values with
established distributiofaws for the generation of failure-free operatitijme andrecovery time of
subsystems.

4. Smulation modelling results

The above-mentionealgorithm isimplemented irfMathcad, which was used for simulation modell
of a technological systemepresentin a set of mining machines famdergrouncconstruction and
tunneling.

As a result, the modelling provided for qualitative and quantitatievaluatiol of the designed
algorithm for tunnelingnachine. Qualitative evaluatiois made proceeding from the general Icof
operationwith regard to consider technological systems. Quantitatiggaluationis made through
comparison of numerical results of mding with performance indicators oftachnological system
in similar operating conditions.

The example of modelling={g. 3, a) shows that the operatiogst of subsysterrdecreases over
time in general;however thisis accompanied by a sharp cost increasease of overhat or
expensive maintenanck.is also possible to comp: two and more technological systerFig. 3, b)
throughout their entire operating time, whiallows for more weighedstimat: unlike separate
operating criteria.
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Figure 3. Unit cost (a) and comparison (b)tetchnological syster

5. Conclusions
The designedalgorithms and thesoftware program allow defininghe givenoperating costs of
technological systems taking into accorandom failures and recovery ratesiaytime of failure.
Minor updates of modkhg algorithmmake it possible to solve additiortakks, i.e comparative
analysis of technological systems, integraestimate of systenperformanc, and definition of
optimalterms of technological subsyst failures.
If applied in industry, the abo-mentioned algorithm will ensureeliability and validity o
decisiors with regard to productic equipment and will reduce operating costd6y12%.
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