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MODELING A PROCESS OF REPAIRS OF INTRAHOUSE GAS EQUIPMENT

Statement of the problem.Improving the quality of technical services andaiep of the equip-
ment is an important problem faced by gas supplyhe context of the problems discussed it is
necessary that applied research is undertakerchoiiteal services and repairs of the equipment in
order to improve the quality and reliability of gaigpply. This paper has sought to study the tech-
nical services and repairs of the equipment in pr@é@nprove its technological reliability.

Results.A model of applying for a repair of the equipmeased on the mass service theory has
been developed. The dependencies of the averagefirequests remaining in queue from the in-
tensity of a stream of repairing the equipment igpfibns have been calculated. A model of re-
pairing the equipment that calls for using imitaibmodeling infMatLab — Simulinpackage has
been developed. Statistical dependencies of theactasistics of the system of mass service of
dealing with application for the repairs from theykparameters have been obtained.

Conclusions.Implementation of the results obtained in industpiactice allows one to estimate
and increase the effectiveness of repair units.

Keywords: intrahouse gas equipment, repair organization.

Introduction

There has been a growing number of gas accidetblsdk of flats. The major causes were the
wear of the gas supply equipment and failed teethm@intenance and repair of intrahouse gas
supply equipment.
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The provision of uninterrupted and accident-fres gapply of the components of the city’s
infrastructure, population and industrial entergsiss governed by the Law of the Russian
Federation “On Gas Supply in the Russian Federatind “Safety Guidelines of Gas Distri-
bution and Gas Supply Systems”.

Intrahouse gas supply equipment comprises:

joined gas network with external and internal gaep and reinforcement;

household gas supply equipment;

gas analyzers with gas contamination control system

gas meters;

group compressed gas cylinders.

Gas distribution organizations are in charge ofdfiage and proper operation of the gas supply
equipment. The major services provided are techmeantenance and repairs consumers need

to register for.

Improving the quality of technical maintenance nisimportant issue that is now addressed by
gas supply specialists. In the context of the moisl being addressed, it is necessary that the

research of technical maintenance and repairgiiedaut to improve the quality and reliabili-

ty of gas supply.

This paper attempts to make a study of technicahter@ance and repairs by means of the me-
thod of mathematical modelling to improve its teclugical reliability.

1. Analysis of the equipment of the equipment

The analysis of the equipment was performed usisgekample of “Voronzgas” Ltd. [3, 4, 5,
13, 15, 17]. The distribution of the equipment adetg to when it started being used in pipes is
identified in Table 1. The data on the overall gitowf the operated equipment is Fig. 2.

According to for how long they have been operated, following groups can be distin-

guished, %:
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Over the last decade there has been a greater nwhleguipment (from 6.4 t013.5 % a
year). From 2002 to 2011 the number of the equigrh@s gone up by 150 %. All of the
above caused the growth of the number of repaistratgjons and increasing workloads for

companies responsible for the maintenance.

Fig. 3—4 shows the distribution of the total mamnaece requests in each month in the whole
organization and in its particular departments.réhs a 50 % growth of maintenance re-
guests in February-March and September-Novembeall Ithe departments apart from the
emergency services, requests are distributed beambnths of the year in a similar way as in

the whole organization.

Fig. 5—6 indicate the distribution of the total gmuent maintenance requests over the
days of the week in the whole gas distribution argation and particular departments.

There is an average 6.6 % reduction per day inntireber of maintenance requests from
Monday to Friday. Over the weekend only a few nenance requests are accepted by the

emergency services.
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2. Model of filing equipment maintenance requestsdsed on the mass service theory

In order to work out ways to improve the qualityroaintenance works of gas distribution

organizations, let us analyze their work usingrtiass service theof{, 2, 10, 12, 14].
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A workload characteristics of the mass serviceesyst
p=I1111I1I, (1)

wherell, is the intensity of maintenance requests, reglmsts//; is the intensity of the ac-

complished maintenance requests, requests/min.
Workload characteristics per one staff person:

a=p/n, (2)
wheren is the number of staff members responsible fonteaiance requests.

The likelihood of all the staff members being fte¢ake on a request:

n nk nn an+1 -1
po:[ o +— J . 3)

L Al-a

An average number of requests waiting to be preckss

7 P (4)

— n a
ant,nﬁm =na +_—a p) " (5)

An average request waiting time:

T, = = P - (6)

An average time of the requests waiting to be @see and served:

k n+l
— n n
Tau obcn = a+ - 2 pO' (7)
RS 11n!(1-a)
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The calculations of the work of gas distributiomveges using the example of the Voronezh-

gas branch Ltd. Voronezhoblgas were performed gnsmef the above dependencies.

Fig. 7 and 8 shows the dependence of an averagedtithe request waiting to be processed

and served on the intensity of maintenance requétitsthe staff of 140 members working a

8-hour shift 5 days a week and the intensity ofeaiance requesis, = 0.134 requests/min.
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Fig. 7. Dependence of an average
time of the request waiting to be
processed on the intensity of

maintenance requests

Fig. 8. Dependence of an average
number of requests waiting to be
processed and served on the in-
tensity of maintenance requests

being served

The results identified in Fig. 7 and 8 reflect thejor characteristics of the work of a gas dis-

tribution organization. However, the downside oflgtical methods of analyzing the work of
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a mass service system is that a flow of maintenagqeests and their service are taken to be
the simplest.

The process of the functioning of a mass servistesy is regarded as a stationary one and
the obtained dependencies can only be acceptedfioed operation mode [6—9, 16]. In the
process of its actual operation maintenance senategas distribution organizations show
transient periods and the number of requests comiagd their service are not the simplest
but changes according to complex laws. There @@ stason, weekly and daily changes in

maintenance requests coming in.

The parameters of emergency requests coming imaagilom values and only their distri-
bution laws and numerical characteristics of tlugstribution can be known in the process
of their modelling and therefore the analysis ofdtioning of maintenance services is

statical.

For the reasons above, in order to model the wbrkantenance services of gas distribution,
the method of imitation modelling is used.

3. Imitation modelling of the service of equipmentnaintenance requests
In order to model the work of maintenance servites following data was specified:

1) the description of the work of maintenance servifegas distribution services as a

multi-channel waiting mass service system;

2) law of maintenance works coming in was specifiecbading to the actual data on

the work of a gas distribution organization;

3) law of the waiting time for maintenance requests wpecified according to the ac-

tual data on the work of a gas distribution orgathan.
Modelling of the work of maintenance services tatkesfollowing stages:
1) acontinuous model time is specified;

2) time of maintenance requests coming in from theaaequest database was speci-
fied;
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3) time of the service of maintenance requests froedttual request database was
specified;

4)  time of the following happening is determined:

a) a maintenance request filed to be served,

b) a maintenance requests filed to be served bgflansember,
C) a maintenance requests coming in to be procgessed

d) a maintenance request waiting to be processed,

e) the service of a maintenance request coming tnd.

The overall service of maintenance requests is ttemtland statistical data on the process is
collected. The characteristics of the quality ofimtenance services are identified by

processing the modelling results using the metlodasathematical statistics.

In order to study the work of maintenance servimiea gas distribution organization with an
actual request flow, a mathematical model of sgrviraintenance requests was implemented
on a PC as WatLab— Simulinkpackage [11, 15, 18—20]. Fig. 9 indicates a fragnoétthe
structural scheme of the model of services of egeit maintenance request, in Fig. 10 is the

composition of the model of service of equipmenintemance requests.

Fig. 11 presents a window with the work schedul¢hefstaff members in charge of serving
maintenance requests obtained in the process oélimzfd Fig. 12 shows the dependence of
an average number of requests waiting to be predemsd served on an average intensity of a
flow of served requests. Due to a stochastic naititke modelling process, the solution was

obtained in the range of possible values.

As a result of the modelling, all the charactesssbf the work of actual maintenance services of a
gas distribution organization in its handling ofuat maintenance requests. The estimate of the
sensitivity of each of the characteristics to angaain the intensity of a flow of maintenance re-

quests and their services was obtained. This gedhid reveal disadvantages of the performance

of the maintenance departments and determine posgslys for the improvement.
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Conclusions

1. The analysis was carried out of an intrahousesgaply equipment. The distribution of the
total equipment according to the operation periite distribution of the total maintenance
requests in the departments over the months anlélsweas determined. The growth of the
amount of the equipment resulted in more maintemaaquests and workload of the service

departments.

2. The model of serving maintenance requests wasla@d based on the mass service
theory. The dependencies were found of an avenagedf a requests waiting to be processed

and the time of it waiting to be served on thenstty of a flow of maintenance requests.

3. The model of the service of equipment mainteaarquests was developed based on the
imitation modelling inMatLab — Simulinlenvironment. The dependencies of the characteris-
tics of the mass service system of equipment maamiee requests on the crucial parameters

were established.

4. The introduction of the obtained results inte thdustrial practices enhances the perfor-

mance of the maintenance departments of a gaghdisbn organization.
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