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Processes of classification (separation) of dry and damp dispersive materials are wide spread in
metallurgy, construction, agriculture, in chemical, food, processing industry and in other branches. Therefore,
constructors and technologists pay a lot of attention for rationalization of these processes and equipment for
their realization in direction of increase of productivity and quality of classification, reliability of machines,
decrease of power-consuming. In last decades in Ukraine with development of small and middle farming
enterprises there is a tendency of increase of variety of grain raw materials by kinds, grades, humidity, sizes,
mass, density and volume of particles. All this should consider food and processing enterprises which often
work in quite intensive regime in a period of harvest. So, in last time there become more strong demands to
efficiency of technological preparation of processes classification for selection of most rational method,
equipment and regimes of processing with consideration of parameters of raw materials and demands of
further technological processes (grinding, mixing, heating, cooking, frying etc). Because of that, there will be
useful a method of automated technological projection of classification processes of dry dispersive materials,
proposed in this article. The method allows to elaborate most effective technology of classification with
consideration of volume of output program, time for its fulfilment, geometrical and structural-mechanical
properties of processed material, characteristics of available equipment for classification and criterions of
efficiency of elaborated technology — productivity and specified operational expenses for its realization. The
method can be used as a base for elaboration of a computer program of automated synthesis and analysis of
rational technological processes of classification of grain raw materials.
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F. 9. Fig. 1. Ref. 18.

1. Problem formulation

Improvement of processes classification (separation, division) for increase of their productivity,
number of classification ranges of processed material, reliability and versatility of the using equipment,
decrease of operational expenses is an actual task for metallurgy, construction, agriculture, chemical, food,
processing industry and for other branches, where the classification processes are wide spread. At the
enterprises for grain processing in a period of harvest and at the building sites there can arise necessity of
processing of big volumes of dispersive materials from different suppliers, in limited time and with provision
of a number of qualitative and quantitative characteristics of the working process including it high economic
efficiency. In such situations for avoiding of upsetting of the production tasks and for selection of an optimal
variant of technology and machines for its fulfillment there is useful a method of the automated analysis and
synthesis of the technological processes classification of dry and damp dispersive materials.

2. Analysis of last researches and publications

In the specialized literature on automation of technological projection and on automated production
processes in food production [1-7] are presented mainly wordy descriptions of sequence of the projection,
recommendations for elaboration of schemes of automation and selection of apparatus and devices for
automated control of technological processes and equipment.
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Versatile methods of automated synthesis and analysis for projection of technological processes of
mechanical processing of machine building enterprises are examined in the work [8]. There is presented a
structure of systems of automated projection of these processes, is given a notion about systemic attack
methods, a wordy description of a sequence of the technological projection, stages of mathematic modeling
and graphic presentation of technological processes (but without of corresponding formulas or listings for its
program realization). The methods of optimization of technology of mechanical processing (productivity and
cost value) are examined in the work in detail, but fulfillment of optimization for classification processes as
well as their automated analysis and synthesis have some possibilities in comparison with the processes of
mechanical processing (later are more complex and depend from quite other working parameters).

The same one can say about the work [9], where is presented a sequence of technological projection
of technological processes for NC-machines and examples of its utilization for processing of standard details.
But realization of this technology is fulfilled on basis of ready programmed means machines NC-system and
standard built-in commands.

Foundations of automated projection of technological processes of assemblage are presented in the
work [10]. In particular there are examined: demands of accuracy parameters of products and methods of their
provision, means of realization of automated assemblage, arrangement schemes of flexible production
processing complexes, equations for determination of time expenses for realization of working processes and
parameters of their reliability, structural automation schemes, schemes of databases and control systems. All
these materials can be used as a reference points for elaboration of sequence of automated projection of
classification processes.

Structure of automated systems of technological projection in machine building, classifications of these
systems, methods of their projection, including the methods, that realized with help of versatile computer
programs of automated projection are examined in the work [11]. Also, recommendations for elaboration of
control programs for NC-machines, automated projection of assemblage processes, means of technological
equipment and products design with automated determination their geometrical characteristics and mass are
presented in the work, but there are absent concrete examples of computer realization of the proposed
recommendations.

Principles and structure of creation of automated projection systems of technological processes of
machine building production are elaborated in the work [12]. There is proposed a method of elaboration of
new technological processes on basis of standard technologies, classifications of details, information data
bases, a mathematic provision for technological projection, including evaluation and optimization of variants
of technological solutions by productivity, cost price, using of working space, tools and appliances. A linguistic
and program provision for automated projection is presented in the work at a level of wordy descriptions. The
work contains information about modern professional systems of automated projection of technological
processes and tendencies of their improvement. On the hole, the work is the most complete source for
automated preparation of machine building production.

Formulas for calculation of main efficiency parameters of assemblage technological processes for
different types of production are presented in the work [13] of author of this article. But these formulas demand
of some corrections before their utilization for projection of technologies of classification processes.

One more author’s work [14] holds recommendations for elaboration of a products database that are
planned for manufacturing, including production tasks, databases with standard technologies of processing and
assemblage that were realized early at this enterprise, available equipment, tools and appliances of the
enterprise. There is presented a sequence of an automated production with formulas for selection of a base
technological process and its correction with consideration of actual parameters of the product and the
production task, formulas and conditions for rational selection of equipment, tools and appliances, for
comparison of several possible variants of synthesized technological processes and determination of the most
effective variant by productivity and cost price. These formulas and conditions also can be partially used in
given research.

3. Aim of research

Elaboration of a method of automated technological projection of classification processes of dry
dispersive materials with consideration of known methods of automated projection, using in other branches
and with examination of features and characteristics of classification processes. There should be foreseen
possibility of realization of the method with help of a computer program.
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4, Results of research

There is a block-scheme of an algorithm of the proposed method of automated technological projection
of classification processes of dry dispersive materials, presented at the Fig. 1.

/)Bl (data about processed materiaMﬁBZ (data about available equipmeM
| '

| Stage ( Selection of possible methods of classification of processed material: mechanical (M), pneumatic (P),

hydraulic (H), electric (E) or electromagnetic (EM)

!

Selection of admissible variants of machines for realization of the classification process, that provide all or
maximal possible number of separation classes (N)
Il Stage |

Selection of admissible variants on basis of comparison of geometrical and structural-mechanical parameters
of processed material from the DB1 and DB2

}

1l Stage CI Determination of admissible variants that provide necessary productivity of the working process |
}

| Determination of effective variants that provide admissible energy-expenses for the working process |
IV Stage 1

| Ranking of effective variants and selection of the most rational variant |

End

Fig. 1. The block-scheme of an algorithm of the proposed method of automated technological
projection of classification processes of dry dispersive materials

All necessary information for automated technological projection of classification processes can be
presented in two main databases: the database with information about production task (DB1) and the database
with information about available equipment for classification (DB2) [15].

In DBL1 are collected data about kind of processed raw material (for example, M1 — wheat, M2 — barley;
M3 — rye; M4 — peas, ...), its grade (G1, G2, G3, ...), maximal and minimal ratios of length to diameter for
particles of raw material (Lmax/Dmax, Lmin/Dmin), maximal and minimal humidity (Hmax, Hmin), Mass (Mmax, Mmin),
density (Demax, Demin), Volume (Vmax, Vmin) and form (FS — spherical, FO — oblong) of particles, general mass (Mg)
and volume (Vg) of processed material, time (T) for fulfillment of the production task, the number of classes
(ranges) of separation (Nc), admissible expenses (Eg) for realization of the classification process [13, 14, 16].

In DB2 are collected data about productivity of machines for classification [17] in kg/s or in m%/s: rotary
screens (Psr1, Psry, ...), vibrating screens (Psvi, Psvz, ...), gyratory screens (Psc1, Psco, ...), double-deck screens
(Psppz, Psppy, ...), electromagnetic vibrating screens (Psevi, Pseva, ...), grain cleaners (Pgc1, Pocy, ...), centrifugal
separators (Psc1, Psco, ...), winnowing machines (Pwwmi, Pwmz, ...), hydraulic separators (Psh1, Psho, -..), electric
classifiers (Pce1, Pceo, ...); parameters of particles of raw material (See above), which can classify each kind of
machines: PSRl (Lmax/Dmax, Lmin/Dmin, Hmax, Hmin, Mmax, Mmin, Demax, Demin, Vmax, Vmin, FS or FO, NC), PSRZ (Lmax/Dmax,
Lmin/Dmin, Hmax, Hmin, Mmax, Mmin, D€max, D€min, Vimax, Vmin, FS 0r FO, Nc), ...; specific operational expenses for each
kind of machines in &/kg or in &/m? (Og.psr1, Oe-psrz, .., Oe-psvi, Oe-psvz, ..., Oe-psr1, Oepsry, - ).

At the first stage of the technological projection with consideration of information of DB1 there is
realized selection of possible methods of classification of processed material [17, 18]: mechanical (M),
pneumatic (P), hydraulic (H), electric (E), electromagnetic (EM). For example, the mechanical method with
utilization of rotary screens, vibrating screens, gyratory screens, double-deck screens or electromagnetic
vibrating screens is most effective for classification of grain raw materials [17], whereas, the hydraulic method
is rational for classification of peas [17].

There can be used such ratios for programming of this stage of projection

Ml — M, EM; M2 — M, EM; M3 — M, EM; M4 — H; GI - M; G2—>M; G3 > E; ... (D)
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At the second stage of the projection there is carried out a selection of appropriate machines for
realization of given classification process on basis of comparison of geometrical and structural-mechanical
parameters of processed material from the DB1 and DB2. First of all, there should be selected the machines
that provide fulfillment of all number of separation classes (Nc).

Conditions for realization of this selection can present in formalizing appearance as

IF Ncsr1 > Nc THEN SR1 € Say; ...; IF Ncsvi > Nc THEN SV1  Savs;... )

where Ncsri,.., Nesvi, ...- humber of classes of separation, that provide available machines of the
enterprise; Savi — the first set of admissible variants of equipment.

If machines, that realize all these stages are absent there is need to select equipment for fulfillment of
maximal Nc:

SELECTION OF MAX FROM Ncsr1, Ncsrz, -y Nesvi, Nesvz, ... Vi (Nmax) € Sava, (3)

where Vi (Ncmax) — @ variant of equipment with maximal Nc (if the Sav after check of conditions (2) is
empty, there should be several variants with maximal N¢).
Also at this stage for variants from the Sav1 is checked up fulfillment of ratios

Pl (Lmaxlleaxl, Lminl/Dminl, Hmaxl, Hminl, Mmaxl, Mminl, Demaxl, Deminl, Vmaxl, Vminl, FSl or Fol) -

- (Lmax/Dmax, Lmin/Dmin, Hmax, Hmin, Mmax, Mmin, Demax, Demin, Vmax, Vmin, FSor FO),

PZ (LmaXZ/Dmaxz, LminZ/DminZ, Hmax2, Hmin2, Mmaxz, Mminz, Demaxz, Deminz, Vmax2, Vmin2, FSZ or FOZ) - (4)
- (Lmax/Dmax, Lmin/Dmin, Hmax, Hmin, Mmax, Mmin, Demax, Demin, Vmax, Vmin, FSor FO);

Pn (Lmax.n/Dmax.n, Lmin.n /Dmin.n, Hmax.n, Hmin.n, Mmax.n, Mmin.n, Demax.n, Demin.n, Vmax.n, Vmin.n, FSn or Fon) -
- (Lmax/Dmax, Lmin/Dmin, Hmax, Hmin, Mmax, Mmin, Demax, Demin, Vmax, Vmin, FSor FO),

Where Pl (Lmaxlleaxl, Lminlleinl,---,' P2 (LmaXZ/Dmaxz, LminZ/DminZ, ceey Pn (Lmax.n/Dmax.n, Lmin.n /Dmin.n,---‘
variants of machines from the Sav: and their parameters.
For variants Vi, Vj,..., Vi, which correspond to conditions (4) are carried out operations
Vi € Savz, Vj € Savz,..., Vi E Sava. (5)
At the third stage amidst of machines from the Sav. there is determined an equipment, that provides
necessary productivity of the working process. For these machines should be fulfilled conditions

Mg Vi
PEE?orpfz?, (6)

where P; — mass or volumetric productivity of i-machine from the Sav,, selected after the second stage.
For variants Vi, V;,..., Vi, which correspond to conditions (6) are carried out operations

Vi € Savs, Vj € Savs,..., Vi E Savs, (7)
where Sav1 — the set of admissible variants of equipment, that is formed by results of the check of
conditions (6).
In course of the fourth stage there is fulfilled a ranking of the equipment that was selected at previous
stage the most energy-effective machines. Herewith are used conditions
<X g i
Mgor T Vg, (8)
where O; — specific operational expenses for i-machine, selected after the third stage.
From the equipment, that satisfies to conditions (8) is formed the set Sev of effective variants:
Vi € Sev, Vj € Sev,..., Vi € Sev. 9)
Amidst the machines of the set Sgv is picked out the most rational variant.
On basis of the proposed method there can be elaborated a computer program of the automated
synthesis and analysis of technological classification processes of dry dispersive materials.

i

5. Conclusions

1. There are problems of quick selection optimal variant of technological process of classification of
damp or dry dispersive materials (grains, building materials) and equipment for their realization with
consideration of different quantitative and qualitative criterions.

2. There is proposed a method of the automated synthesis and analysis of technological processes and
equipment for classification of dispersive materials, which allows on basis of information about production
task and available equipment to determine an optimal method of working process realization and to select
machine with provision of necessary quality of classification, maximal productivity and minimal energy
expenses.
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3. The proposed method can be used as a basis for elaboration of a computer program of the automated
synthesis and analysis of technological classification processes of dry dispersive materials.
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ABTOMATHM30BAHE TEXHOJIOTTYHE ITIPOEKTYBAHHS ITPOIIECIB KJIACU®IKAIIIT
CYXHUX JICIIEPCHUX MATEPIAJIIB

Ipoyecu xknacughixayii (nodiny) cyxux ma 80a02ux OUCHEPCHUX Mamepianié NOWUPeHi 8 Memaiypeii,
0YOiBHUYMEI, CITbCLKOMY 20CNO0Apcmel, 6 XIMIUHIl, Xap4oeill, nepepoOHill NPOMUCIO8OCE MA 6 THULUX
eanyssx. Tomy KOHCMPYKMOpU mMa MeXHOI02U GeauKy yedzy Npulilisioms payloHanizayii yux npoyecie i
00n1a0HanHsa O ix peanizayii 6 HANPAMKY RNiOSUWEHHS NPOOYKMUBHOCMI ma AKOCmi Kidacugikayii,
HAOIUHOCMI MAUIUH, 3HUNCEHHS eHep2OEMHOCMI. B ocmanni decsimunimms 6 Yxpaiui 3 po3eumkom mMaiux i
cepeoHix (hepmepCcbKux 20Cno0apcme CnoCmepieacmscst MeHOeHYist 30IIbUEHHS PIZHOMAHIMHOCMI 3¢PHOBOT
CUPOBUHU 3a BUOAMU, COPTNAMU, BOJIO2ICMIO, POSMIPAMU YACUHOK, iX MACOI0, 2ycmunolo ma o6'emom. Bee ye
C1i0 8paxo8ysamu Ha RIONPUEMCINBAX XAPU080i ma nepepoOHOi NpoMUCIO80CTI, AKI 68 nepiod 300py 6podicaio
yacmo npayiooms 8 00CUMb IHMEHCUBHOMY pedcuMi. Takum YuHomM, OCMAHHIM YACOM NIOBUWYIOMbC BUMO2U
00 e(hekmuBHOCMI MEeXHONIOSIUHOI NI020MOBKU npoyecis Kracughikayii 0na eubopy Hatlbiibul payioHaIbHO2O
Memo9dy, 0ONAOHAHHS A PedCUMi8 00pOOKU 3 YPAXYBAHHAM HAPAMEMPIE CUPOGUHU | 8UMO2 NOOATLUIUX
MEXHON02IYHUX npoyecis (NOOPiOHeHHs, NnepemMiuly8anHs, HaePI8ANHA, 8APIHHA, CMAXNCEHHA [ M. O.). V 38'a3Ky
3 yum, Oyoe KOpUCHUM MeMoO A8MOMAMU308aHO20 MEXHON02IUHO20 NPOEKMYB8AHHA npoyecié Kiacupikayii
CYXUX OUCNEPCHUX Mamepianie, NPONoHO8aHull 6 Oauitl cmammi. Memoo 0036015€ po3pobumu HaNOiIbW
egpexmugHy mexHon02i0 Kiacugikayii 3 ypaxysanuam oocacy upooHUt020 3a80anHs, Yacy 020 GUKOHAHHS,
2eOMEMPUYHUX MA CMPYKMYPHO-MEXAHIUHUX 61aCmUsocmeli 00pooI08ano20 Mamepiany, XapaKkmepucmux
HAsA6HO20 001a0HaHHA Ons Kiacugikayii ma Kpumepiie egexmusHocmi po3pobnenHoi mexHonrozii -
NpOOYKMUBHOCHI | 3a0aHux onepayiinux eumpam Ha ii peanizayiio. Memoo modce 6ymu GUKOPUCMAHUL K
0CHO8A OJisL PO3POOKU KOMN'TOMEPHOI Npocpamu asmomMamu306aH020 CUHmMe3y ma auatizy payioHanbHUX
MEeXHONO2IYHUX NPoYecie Kiacupixayii 3epHosoi cuposuHu.

Knwuogi cnosa: knacughixayis, agmomamuzosane mexHou02iune npoekmyeanis, anaiz ma cunmes,
cyxi oucnepciini mamepianu.

@. 9. Puc. 1. Jlim. 18.
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ABTOMATU3UPOBAHHOE TEXHOJOI'MYECKOE ITPOEKTUPOBAHME IMPOLECCOB
KIJACCUO®UKAIINU CYXUX JUCITEPCUBHBIX MATEPUAJIOB

IIpoyeccwvr xknaccuguxayuu (pasoenenus) Cyxux U GIANCHBIX OUCNEPCHLIX MAMEPUAio8 WUpoKo
PACNPOCMPAHeHbl 8 Memaliypeul, CMmpoumenbCcmee, CeibCkoM Xo3Atcmee, 8 XUMUUECKOU, NUegol,
nepepabamuigaiowell nPOMbIUIEHHOCTIY U 8 Opyeux ompacisx. [1osmomy KOHCmMPYKmopvl u mexHonio2u
bonvbuloe GHUMAHUE YOETIOM PAYUOHATUZAYUU IMUX NPOYeccos U 060py0osanus Ol UX peanusayuu @
Hanpasienuy NoGbIUEHUs. NPOU3BOOUMETbHOCIU U KAY4ecmed KIACCUDUKAYUY, HAOEIHCHOCHU MAUiUH,
CHUDICEHUs dHepeoemKkocmu. B nocnednue odecsamunemuss 6 Yxpaune ¢ pazgumuem MAnvlX U CPEOHUX
hepmepckux xo3icme HaAOIOOAemcsi MEeHOCHYUsL YEeIUUeHUsl PAZHO0OPA3UsL 3ePHOB020 CbIPbsi NO GUOAM,
copmam, GIANCHOCMU, pA3Mepam, macce, NIOMHOCHU U 00vbemy wacmuy. Bce amo crnedyem yuumvléams Ha
NpeonpusmMuUsX Nuwesoll U nepepadamvléaouiell NPOMbIULIEHHOCIU, KOMOopble 8 Nepuod coopa ypoicas
3auacmyro pabomaiom 6 OOCMAMOYHO UHMEHCUBHOM pexcume. Taxkum obpaszom, 6 nocieouee 6pems
ROBLIUAIOMCSE MPeb0BatUst K IPDEKMUBHOCU MEXHOA0SUYECKOL NOO2OMOBKU KAACCUDUKAYUU NPOYeccos8
o5l eblOopa Haubonee PAYUOHANILHO20 Memodd, 000pYO08AHUS U DENCUMO8 00paboOmKu ¢ yuemom
napamempos  coipvbsi U mMpedoGaHUll  NOCAEOYIOWUX — MEXHOI0SUYECKUX Npoyeccos  (usmenbuenus,
nepeMeuueanus, Hazpesanus, 6apku, dxcapku u m. 0.). B cea3u c¢ smum 6yoem nonesen memoo
ABMOMAMUIUPOBAHHO20 MEXHONLOSUYECKO20 NPOEKMUPOBAHUSL NPOYECCO8 KILACCUPDUKAYUU CYXUX OUCHEPCHBIX
Mamepuanos, npeoaazaemviii 6 0anHou cmamove. Memoo noszsonsem paspabomamo Haubonee IPHexmusHyo
MEXHON02UI0 KIACCUPUKAYUY C YU4emoM 00bema Npou3800CMEEHHO20 3A0AHUs, 8PEMEHU €20 GbINOIHEeHUS],
2e0MEMPUUeCKUX U CMPYKMYPHO-MEXAHUYECKUX CEOUCME 00pabamuleaemo20 Mamepuald, Xapakmepucmux
umetowezocsi 060pyoosanus 0as  Klaccuguxayuu u - Kpumepues dgekmuenocmu  pazpabomaHHol
MEXHON02UL - NPOU3BOOUMETLHOCU U 3A0AHHBIX ONEPAYUOHHBIX 3ampam Ha ee pearuzayuro. Memoo moxcem
ObIMb UCNOTBL308AH KAK OCHOBA Ol pA3PAOOMKU KOMHLIOMEPHOU NPOSPAMMbL AGMOMAMUIUPOBAHHOZO
CcuHmMe3a U AHAIU3A PAYUOHATILHBIX MEXHOL02UYECKUX NPOYECCO8 KIACCUDUKAYUL 3ePHOBO20 CbIPbSL.

Knwuesvie cnoea: xnaccuguxayus, asmomamu3upo8aHHoe MEXHOI02UYECKoe HPOEeKMUposanue,
AHATU3 U CUHME3, CYXUe OUCNEPCHble MAMEPUATTDL.

@.9. Puc. 1. JIum. 18.
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