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DEVELOPMENT OF A STRUCTURAL AND FUNCTIONAL MODEL OF AN
AUTOMATED SYSTEM FOR DESIGNING ASPIRATION NETWORKS

Novitsky V. O.
Russian Biotechnological University, Moscow, Russia,

email: nvo60@mgupp.ru

Currently, the situation with the sale of grain products of the Russian Federation by an external consumer is
quite complicated. A large amount of grain products remains unclaimed and requires processing in the domestic
market.

In this regard, the capacities of existing enterprises are not sufficient for storage and processing. To increase
the processing of grain products, it is necessary to build new processing enterprises.

The technology of processing grain products requires the implementation of a number of safety-related measures,
in particular with dust removal and dust protection. For the implementation of safety measures, the installation
and installation of aspiration networks is carried out. The set of aspiration networks includes a large number
of equipment and components. Aspiration networks of enterprises are a complex and responsible economy, on
which the technological processes of functioning of the entire milling enterprise depend.

The calculation of aspiration networks, a rather laborious process currently carried out mainly manually, takes
along time. Automation of the design of aspiration networks, an urgent and in-demand necessity, both for Russia
and all the countries of the Eurasian Economic Community.

The presented article shows the methodology for the development of a structural and functional model (SPM)
of an automated aspiration network design system using the SADT, IDEFO methodology. SFM is used in the
development of an information logic model (IFM) and a program algorithm for calculating the aspiration network.

Keywords: aspiration network, model, SADT methodology, decomposition, program.

ACIIUPAIIMAJIBIK ZKEJIIVIEPII ZKOBAJIAY 1bIH
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Kasipri yaksrrta Peceit PenepanuscbHbIH aCTHIK OHIMAEPIH CaTyAAFbl JKaFAail, CHIPTKBI TYTHIHYIITH 6T€ KYPAEI.
ACTBIK 6HIMJEpiHiH Kell MeJIIIepi Tanaln eTiIMeii jkoHe iIKi HapbIKTa KailTa eHJIeydi KakeT eTefi.

Ocpiran GalIaHBICTHl KOJIIAHBICTAFbI KOCITOPHHIAPIBIH KyaThl CaKTay JKOHE KalTa ©HAEy YINiH JKeTKUTIKCI3.
ACTBIK 6HIMJEpiH KaiiTa eHIeyl YIIFalTy YIIIH )KaHa KaiiTa eHIey KOCIIOPHHIAPhIH Caly KakeT.

ACTHIK 6HIMIEpIH KaliTa eHJey TeXHOIOTHSCH KAyillCi3MiKKe, aTal alTKaHIa MIaHIH KeTipyre KoHe IMaHHAH
KOprayra OaijiaHblCThl OipKaTap HIapaiap/bl OpbIHAAYAbl Tajan ereai. Kayincismik skeHinzeri ic-mapanapipl ic-
Ke achIpy YILiH acrupanys KeliiepiH MOHTaXay JKoHe MHCTAIUISLMSAIAY OPbIHAANAIB. ACIMPALUIBIK, XKeaiiep
JKUBIHTHIFBIHA KOITEreH KaOOpIKTap MEH KOMITIOHEHTTep Kipeni. KocinopblHaapaplH acripaiysuIbIK, kKeiiepi-oyi
OYKiJI YH TapTaThH KSCITOPBIHHBIH TEXHOJIOTUSIIBIK, ITPOLIECTEP] Toyenai O0NaThiH KYPAEi jKoHE XKayarThl [apy-
AIIBUIBIK,

Acnupauysibik, Kestiiepai ecentey, Kazipri yakpITTa Heri3iHeH KOJIMEH KY3ere achlpblIaThiH YaKbITThl KaXeT
eTeTiH IpOoLecC Y3aK YaKbITThI aapl. ACIHPALUSUIBIK, JKeJIIepii skoOanaynpl aBTOMaTTaHabIpy, Pecell yiiH ne,
Eypasusiiblk, SKOHOMHUKAITBIK, OAKTHIH OApIIbIK, e1Iepi YIIiH JIe 63eKTi ’KoHe CYpaHBICKA he KAKETTLTK.
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¥YcoHbpUTFaH Makaana sadt, idefO omicTemeciH Ko/IaHa OTHIPHII, AaCIMPAITUSUIBIK, XKeITiHi )K0OaIayIblH aBTOMAT-
TaHABIPBUTFAH XYHWECiHIH KYPBUIBIMIBIK-(QyHKIMOHATIE MofeiH (SFM) azipney omictemeci kepcetinren. SFM
aKIapaTThIK-JIOrMKAJIBIK Monesbai (IFM) jxoHe acnupalysiIbIK, KelliHi ecenTeyre apHanran Oarapiiama ajaropur-
MiH jkacay/a KOJJAaHbUIa IbL.

TyiiiH ce3ep: acnupanusIIbIK, ke, Mojenb, sadt opictemeci, bIbIpay, Oaraapiama

PA3BPABOTKA CTPYKTYPHO-®YHKIIMOHAJILHOW MOIEJINA

ABTOMATU3UPOBAHHOM CUCTEMEI INPOEKTNPOBAHUA
ACIIMPAITMOHBIX CETEN

HoBunkuii B.O.
Poccuticknii GuoTeXHOMOrMIecKuil yHIuBepcuTeT, MockBa, Poccus,

email: nvo60@mgupp.ru

B Hacrosiiee BpeMsi cutyalys ¢ peanusauueil 3epHorponykimu Poccuiickoil dpenepanyy, BHEIIHUM MOTpPe-
OuTeseM JIOCTATOYHO CJIOXKHA. BONbIoe KOMMYECTBO 3epHONPOLYKIMHM OCTaeTCsl HEBOCTPEOOBAaHHOW M TpedyeT
nepepadoTKN Ha BHYTPEHHEM pbIHKE.

B 3T0# CBSI3M MOIHOCTH CYIIECTBYIOIIUX MPEINPUATHI HE JAOCTATOYHBI JUTsl XpaHeHus: U nepepadoTku. st
yBEJIMUCHHS NIepepabOTKK 3epHOIPOAYKIIMKA HEOOXOAUMO CTPOUTENHCTBO HOBBIX MEpepadaThIBAIOIINX MPEAIPHU-
ATHH.

TexHosorus nepepadoTK! 3epHOIPOLYKINH, TpeOyeT BHIIOMHEHUS psia MEPOIPUSATHI CBS3aHHBIX ¢ OGe3onac-
HOCTBIO, B YACTHOCTH C YJaJIeHHEM ITbUIM ¥ 3aILUTHI OT 3arbuieHus. s pealu3ayy MeporpusaTHii o 6e30macHo-
CTH, BBITIOJHSIETCSI MOHTQ)X M MHCTAJUISLMM CETel acnuparvi. B KOMILIEKT aclipalioHHbIX CeTeil BXOAUT OO0JIb-
II0€ KOJIMYECTBO 00OPYAOBaHMSI M KOMIUIEKTYIOIMX. ACITUPAIIOHHbIE CETH NMPENPUSATHI - CIIOXKHOE U OTBET-
CTBEHHOE XO3SIFICTBO, OT KOTOPOTO 3aBHCST, TEXHOJIOTMUYECKHUE MTPOLECCH (DyHKIIMOHMPOBAHUSI BCETO MYKOMOJIb-
HOTO MPEANPHSTHS.

Pacuer acnmpaliMoHHBIX ceTel, JOCTAaTOYHO TPYIOEMKUI MPOIIECC, OCYIIECTBIISIEMbI B HACTOsIIIEe BpeMs B
OCHOBHOM B PYYHYIO, 3aHUMaeT MPONOLKUTEIFHOE BpeMsl. ABTOMATHU3AIMS TPOSKTHPOBAHMUS ACTIVPAITMOHHBIX
ceTe, akTyaJIbHas U BOCTpeOOBaHHAS HEOOXOAUMOCTh, Kak 1iisl Poccu, Tak u Beex crpad EBpadC.

B nipencraBiieHHOM cTaThe, MOKa3aHa METOAOIOTUS pa3padOTKU CTPYKTYpHO-(pyHKIMOHaIBbHOH Mozen (CPM)
ABTOMATU3MPOBAHHOM CHCTEMBI ITPOEKTHPOBAHNS ACIMPALIMOHHON CETH C MCHob30BaHneM Metogosnoruu SADT,
IDEF0. C®M wucnosbayercsi, pyu pa3padoTke nHbopMalMoHHO-Iorndeckoi moaeu (MPM) u anropurma mpo-
IpaMMBl [Ulsl pacyeTa aclpalliOHHON CETH.

KuroueBble cioBa: acnpaliioHHas CeTh, MOJENb, MeTogonorus SADT, gekomnosunys, mporpaMma.

Introduction. Aspiration is the extraction of air dust collectors for cleaning the aspiration air from
from equipment in order to create a vacuum inside dust (cyclones, filters, etc.);

workspaces or protective casings necessary to prevent winner (fan, deflector) for communicating energy to
the release of dust into production facilities [1-6]. the air flow:

The main purpose of aspiration is to prevent dust auxiliary equipment (recirculating apparatus,
explosions in the food industry, which is formed during  peq¢ exchanger, heater, air conditioner, valves
technological processes [1-6]. instrumentation, etc.)

Each aspiration (ventilation) installation consists of The totality of all these parts is called a ventilation
the following five parts: (aspiration) installation, ventilation system, or

ventilated  objects  (machines, apparatuses, aspiration (ventilation) network.
mechanisms, bunkers, silos and other devices); Figure 1 shows a typical scheme of the ventilation

air ducts designed to move air in the desired direction  system of mill production.
at a given speed;
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Fig. 1 — Typical ventilation scheme of mill production

where

1 is the pneumoseparating channel separator;
1" -screen body;
2-screw conveyor;
3-wallpaper machine;
4-unloader;
5-horizontal cyclone;
6-filter;

7-fan;

8-gate valve;

9- entrance box.

As a rule, this scheme is present at all mill
enterprises, and therefore the composition and
functionality of the equipment differs only by the
manufacturer and technical characteristics.

The purpose of the study is to develop a structural
and functional model of an automated system for
designing aspiration networks of mill production. To
fulfill the objectives of the study, it is necessary to solve
the following tasks:

-determine the equipment to be aspirated;

-to calculate the multiplicity of air exchange and
substantiate the choice of types of projected networks;

-perform the layout of aspiration networks;

-perform calculation, selection of dust collectors and
determination of their resistance;

-preliminary selection of the fan to the network;

-arrangement of dust collectors and fan;

-perform the design of the duct route;

-perform the calculation of the aspiration network;

-design of wiring diagrams.

Methods and materials. The research uses
the methodology of system analysis, the practical

experience of the author, the SADT methodology of
structural analysis and design, the Bp-win software tool.

Discussion of the results. When calculating the
data, recommendations and theoretical calculations
are considered [7-9]. Let's consider the mathematical
formulation of the problem of our research. The
calculation of the multiplicity of air exchange is
calculated by the formula (1):

z‘=% (1)

n

1) Calculation of dust collectors and selection of dust
collectors is calculated by formulas (2) and (3):

1,3
H, = 100 (Q_>

50 @
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Q _ %

ya = Sicp 3

Q = the flow rate of air entering the filter;
Q sp -~ normative specific load on the filter cloth;

2) The preliminary selection of the fan is calculated
by the formula (4):

Qv = Qnet + st (4)
3) The design of the pipeline route is calculated by

the formula (5):
D =194/ Q
v

@ - the air consumption is equal to the sum of the
expenses of the aspirated machines;

®)

v - air velocity (16..18 m/s).

4) The calculation of aspiration units is carried out
according to the formula (6):

Q=2 Qu+Qp (6)

where

Q,, - air consumption for fan selection;
b, = 1.1- Hnet =11 ZHnet‘

P, - fan pressure;

4) The total resistance of the network is calculated by the
formula (7):

Hnet = Z Hnet.p‘m = m1+z Hn+He+His+Hp.

)

5) The pressure loss in the section is calculated by the
formula (8):

Hlos = Rl + Hms (8)
where
2

Hd = %

H ; - dynamic pressure;

The formulas presented above are used to calculate
the parameters of the aspiration network in the
automated design system program, the block diagram
of which is developed according to the structural and
functional model discussed below.

Using the SADT methodology and the technology of
the graphic language of the IspIDEFO, we develop a
parent diagram Fig. 2., (the text of the diagrams is in
Russian).

In the parent diagram, as input data, the following are
used:

-a list of classifiers;

-data on the company and equipment;
-request for the design of aspiration networks;
-request for generating reports.

The following mechanisms are used:
-personnel;

-Software and computers.

The following are used as controls :

-GOST standards;

-documentation;

-regulatory documents;

v

C the result of the parent model is to get:
-reports of calculations of aspiration networks;

-schemes of aspiration networks;
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Fig. 2 — Parent diagram of the automated aspiration network design system

Let's carry out the decomposition of the parent diagram, the result of the decomposition is shown in Fig. 3.
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Fig. 3 — Decomposition of the parent diagram
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Fig. 5 — Decomposition of the operator block "analysis and calculation of the aspiration network"




In the diagram shown in Fig. 3, there are 4 operator The SADT methodology allows you to simplify each

blocks:

-entering classifiers;

-entering data on the company and equipment;

block operator as much as possible, until you get a
complete picture of the business processes and the
absence of a team of authors or experts of questions
on the project.

-arrangement of equipment of aspiration networks;

-analysis of calculations, generation of reports.

In order to obtain more complete information
on the block operator "analysis and calculation

Each of the operators is connected by connections of the aspiration network", we will carry out its
or interface arcs that provide conceptual and logical decomposition, the resulting diagram is shown in Fig.
movement of the ongoing production (business) 5.

processes.

As can be seen from the diagram in Fig.5, 4 operator

We will carry out the decomposition of the blocks are obtained:

block operator "analysis of calculations, generation of
reports"”, the result is shown in Fig.4.

-network breakdown into sections;

-selection of the network section;

As can be seen from Fig4, as a result of

decomposition, 4 operator blocks are obtained:
-selection of the network for calculation;
-analysis and calculation of the aspiration network;

-selection of a fan for the aspiration network,
checking the end of the calculation;

-calculation of data for a network section;

-summation of data by network sections.

We see that the decomposition of diagrams allows us
to approach the solution of the project tasks in more

detail, eliminate errors already at the design stages,
which reduces the costs associated with revision and

-generation of reports and schemes of the aspiration increasing the time for project development.
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Fig. 6 — ASPAS information and logic model
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The advantages of SADT technology, IDEFO
technology, include such qualities as visibility,
reliability, ensuring the introduction of clarifications,
the possibility of refinement without affecting the
decisions of the main business processes, simplicity,
flexibility. In this regard, the obtained structural and
functional model of the automated aspiration network
design system (SFMASPAS) was used as a base for the
implementation of the grant project.

Conclusions. On the basis of the developed
SFMASPAS, an information and logical model
of an automated aspiration network design system
(IFMASPAS) was created using the IDEF1X software
tool, Fig. 6.

Description of the methodology and development of

LY

MpoekT  Beizog  CNpseka

ABTOMETHIMPOEAHHSA CUCTEMS MPOEKTHPOBAHM A ACMMPALMOHHBIX CETER

IFL is not considered in this article. Based on the IFL,
an automated system for designing aspiration networks
(SPAS) has been created that allows:

-automate calculations of aerodynamic characteristics
of aspiration units;

-eliminate the possibility of errors in calculations;

-exclude exceeding the norms of the system
parameters;

-significantly reduce the time spent on design.

The program (ASPAS) is developed in the object-
oriented C++ language, in the Borland C++ Builder 6
Enterprise environment, in Russian.

The main menu of the program (ASPAS) is shown in
Fig. 7.
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Fig. 7 — Program Menu (ASPAS)

Figure 8 shows the program interface for data input and output.
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Fig. 8 — Program Interface (ASPAS)

In Fig. 9, the result of calculating the type of fan.

Moabop BeHTMNATOPA

PezyneTaTel ACUETOE CETUH

Pacxon Bosaya BEHTUNATORE! B361.425 Mo

ConpoTHENEHWE CETH N0 MASEHOR MATKCTDENM 2607 7439 Na

Tpetyemoe 4aENeHUe BEHTHAATOPE: 2911,918249 MNa
Mpocrorp Mogotpare

Peromerayerel sermunarop. B 115-35-8.01

id
a0
il
]
32
35

name Q P DivP
B.L5-35-8.01 BOOO 2900 12
B.L5-35-8.02 7000 2300 12
B.L5-50-9.001 18000 2900 12
B.L5-35-85 8000 2950 38
B.L5-45-85 10000 2950 38

Fig. 9 — Fan type calculation




KasTBY XABAPIIBICHI - VESTNIK KazUTB - BECTHHUK KazVTb

Figure 9 shows an example of the output of reports in the program (ASPAS).
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Fig. 10 — Example of generating reports in the program (ASPAS)

The developed program (ASPAS), as shown by
practical application and comparison with existing
analogues [10-11], has the following advantages:

-significant reduction in the cost of design and
calculation of aspiration units;

-reducing the time to search for information and
reference materials;

-reduction of labor costs of employees for the design
of aspiration networks in design organizations, grain
companies and large grain enterprises;

--reduction of time for the formation of

specifications and wiring diagrams of aspiration
systems;

-reduction of the development time of aspiration
system projects by 10-15 times compared to the manual
method;

-compliance with modern requirements for the
design of production and technological systems.

Currently, the developed program (ASPAS) is used
in the educational process of Moscow Academy of
Food Production, as well as in project organizations in
Russia.
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