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Abstract.

Topicality. Necessity of reducing ships’ downtime during grain transshipment from port elevators requires intensification
of handling operations. It can be provided not only by using transport mechanisms of greater capacity, but also by thread-
transport lines operations automation, which will eliminate possible human operator errors. Creation of automatic control
systems, in turn, requires development of mathematical and simulation models of thread-transport lines, an integral part of
which are weigh hoppers of periodic action.

Objective. To create simulation model of weigh hopper operation, which reflects its properties as a control object.

Method. Known differential and algebraic equations of weighing in weigh hopper are used. They include influence grain
weight on its mechanical system as well as dynamic force which grain creates during falling. Simulation models for
MatLab/Simulink were created on the basis of these equations.

Results. Computer experiments with weigh hopper models which include simulation of different operating conditions were
planned and carried out. Trends were obtained, which define effectiveness of its operation.

Conclusions. Effectiveness of weighing process is defined by optimal combination of weigh hopper productivity and its
dynamic inaccuracy. To increase productivity weighing cycle must be reduced. However, this reduction is limited by time,
which is necessary for damping of mechanical system oscillations.

Anomauis.

Axmyanvnicms. Heobxionicms ckopouennsi npocmoig cyoieé npu nepesanyi Ha HUX 3epHa i3 Npunopmosux enesamopis
suMazae iHmMeHcUQiKayii 6aHMAaANCHO-PO3BAHMAIICYBATbHUX poOim. Bona mooce Oymu 3abesneuena e milbKu 3a pAxyHOK
BUKOPUCIAHHS MPAHCNOPMHUX MEXAHI3MI8 Oilbulol npOOYKMUSHOCMI, die Ul 3a PAXYHOK asmomamusayii podomu nomoyHo-
MPAHCROPMHUX ~ TIHIN, WO 00360IUMb  GUKTIOYUMU  MOJICIUBL NOMUIKU T0OUHU-onepamopa. Cmeopennsi cucmem
ABMOMAMUYHO20 KePYBAHHSA, V CBOK uepey, 6UMA2de pPO3POOKU MAMEMAMUYHUX [ IMIMayitiHux Mooenell NomoyHo-
MPAHCNOPMHUX JIHIU, HeBI0'EMHOIX YaACMUHOKW SKUX € OYHKEePHI 8azu nepioouyHoi Oil.

Mema. Cmeopumu imimayitiny Mooeib QyHKYIOHY8aHHs 6a2, KA 8i00U6AE IXHI 61ACMUBOCMI K 00'€KMa KepyeaHHsL.

Memoo. Buxopucmani 6idomi ougepenyianviui ma aneeopaiuni piGHAHHA 36AJACY8AHHS V 6aA2080MY OVHKepI, SKi
6pAX08YIOMb BNAUG HA U020 MEXAHIUHY cucmemy He MINbKU 8acu 3epHd, ajle i Cuty, Ky 60HO cmeoploc npu nadinui. Ha 6a3i
yux pienans cmeopeni imimayitini mooeni ¢ cepedosuwyi Simulink/Matlab.

Pezynomamu. Cnnanosani i npogedeni Komm'tomepHi excnepumenmu 3 MOOEIAMU 6de Npu imimayii pi3Hux ymoe
@yurkyionysanns. Ompumani epapixu, sKi Xapaxmepusyromos e@ekmusnicms ix poobomu.

Bucnosku. EgexmugHicmv 38aCY8aHHA BU3HAYAEMbCSA ONMUMATbHUM CNIBBIOHOUIEHHAM NPOOYKMUGHOCMI 6ae 1 ix
OUHAMIiyHOI noxubxu. 30invulenHs NPOOYKMUBHOCMI BUMA2AE CKOPOYeHHs YUKy 36adcyéanus. OOHAK ye CKOPOYEeHHs
00MeNHCYEMBCA YACOM, HeOOXIOHUM 015 3A2ACAHHS KOIUBAHb MEXAHIYHOI cucmemu.

Keywords: weigh hopper of periodic operation, simulation model.

Nomenclature

C — dampening coefficient; M.n(t) — total weight of weigh hopper;
d(t), A4t — time increments; M (t) — weight of empty hopper;
dy — grain volume density; Mg(t) — actual grain weight;
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Fun(t)— force, acting upon weigh hopper; Mgm(t) — measured grain weight;
Fs(t) — static component of F(t), Qgi(t) — actual grain flow rate;

Fq(t) — dynamic component of F;(t), Swh — bottom area of weigh hopper;
g — free fall acceleration; S, — shift of measuring cell;

H — rigidity of measuring cell; Vg(t) — initial grain velocity;

L. — height of weigh hopper; Vi(t) — finite grain velocity;

1. Introduction

At present time in Ukraine intensive construction of new and reconstruction of old harbor grain elevators are taking place,
which is caused by increasing volume of cereal crop export. To reduce downtime of ships and railway trains during grain
transshipment enterprises are equipped with transport mechanisms — conveyors, bucket elevators with high output of up to
1000 tones per hour and higher. This predetermines necessity of perfecting thread-transport lines automatic control algorithms,
because possible human operator errors cause great downtimes, and, therefore, economic losses.

Complexity in development of such algorithms is determined by next main factors:

- significant transport delay in transmission of control impacts during stabilization of grain flow rate;

- changing of dynamic properties of transport mechanisms, as control objects;

- different productivity of transport mechanisms, included in one route;

- presence in route of periodic operation mechanisms, for example, weigh hoppers.

By significant degree these complexities were overcame with created algorithms [1, 2], which stipulate for automatic
control of loading thread-transport lines without human operator interference.

These technologies demanded development of detailed dynamic models of conveyors, bucket elevators, control gate valves
and their driving electric motors. Development of mathematical and simulation models of periodic operation weigh hoppers,
which are integral part of grain transshipment systems, remain problem of current importance.

2. Problem statement

Simplified weigh hopper structure is presented in fig. 1. Structure contains: upper garner B1 and lower garner B3, which
are connected to weigh hopper hull, as well weigh hopper B2 itself, which rest upon measuring cells, deformation of which
allows to determine loaded grain portion weight.
Garners B1, B3 and weigh hopper B2 are equipped with level sensors. Their signals are used in automatic control system to
control position of the sliding gate valves S1, S2, S3. This provides transfer of grain portions from up to down.
For generality, construction version, in which B2 weight is compensated by counterbalances. In this case dynamic measuring
range is widened and, therefore, accuracy increases.
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Fig. 1 — Main components of weigh hopper structure
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Detailed mathematical models of weighing in weigh hopper are presented in [3]. In particular, bunker mass weigh model
includes models of weigh hopper mechanical system equilibrium and decoding its dislocation in measured weight:

I:‘FI"T:I:L'T': + Ean:] dzsr{t:]l'!dt: +C dsr{t:]'lllrdt +H- Si’{t:] = Tﬂ Evh{t:]"!dt + 'F;-l'l-':{t:]l (1)

H-5.(t
Mty =50 )
In the process of filling weigh hopper with grain its mass substantially increases:
ﬂ’fh.;.: {t:l = ﬂ'fh- + ﬂffg‘; {t:] . (3)
Force Fy (£), which impacts hopper, consists of two parts:
a) static £ () — this is grain weight in hopper, since weight of empty hopper is compensated by counterweights:
E(t)=M;(t)-g=g fnrqgf{t]dt; (4)

b) dynamic Fz{t), which is caused by grain falling.
Let’s examine mathematical models Fz(t). In a brief space of time dt grain portion with mass @+ (£) - dt enters weigh hopper
and under the influence of terrestrial attraction constant force is created @g7(t) - dt- g, which accelerates falling of this

portion. Impulse of this force, taking into account time of its action, to put it more precisely, portion falling time span At, is
equal Qw-(t] ~di- g - AE. If we assume grain portion as a material point, which will commit non-elastic blow to the bottom of

weigh hopper in during €, then weigh hopper is impacted by force:

Qqs(t) - dt-g - At

Fi() = lge = Qgs®) -g-At. 5)

Since force @g¢(t) - dt - g is constant, then its impulse is equal to impulse of mass [4]. Then (5) can be presented as:

My () - AV () - dt - AV
br [ 4 = Qar®)-at [4e = Qgs &) - AV, (6)

Fd ':t:] =
It should be noted that even with constant grain flow rate @g¢(£} = const, dynamic component F; (£) will gradually decrease
as weigh hopper is filling, since falling time is decreasing At and difference AV between initial Ve (£) and finite Vg, (£} falling

velocity.

During weighing of all portions, except first one, velocity ¥.: (07 & 0, since grain movement begins in upper garner. Finite
velocity ¥, (£} can be calculated, based upon known values of grain volumetric density dg, height L, and area 5, of weigh
hopper’s bottom:

Qoflt)
it dr].

| t
o ® = [29 (Lwn - 20 2L ™)

3. Literature overview

Weigh hopper with high productivity is described in [5,6]. Counterweights are not used in its construction. Automatic
control algorithms provide for weighing of full bunker with grain initially, and then weighing of empty bunker after its
discharge. At that weight measuring begins with some lag from the moment of bunker filling with grain and from the moment
of its discharge. Thus mechanical system oscillations impact on measuring accuracy is compensated.

Calculation method of theoretically possible maximum accuracy of serially produced continuous operation weight batchers
dosing is presented in [7].

Mathematical model of discrete weight batcher, considering bulk solids flow percussive impact on it, is researched in [8].
Recommendations were made for dosing effectiveness increase due to optimal combination of productivity and batcher
dynamic error.

4. Materials and methods

Based on dependences (1 - 7) weigh hopper mathematical model was developed in MatLab/Simulink environment. (see fig.
2). It includes sliding gate valves models S1, S2, S3, known from [9], garner models B1, B2, B3, as well as models of
equilibrium and decoding.
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Fig. 2 — Weigh hopper simulation model

The rest of the simulation model blocks implement gate valves logical control functions during measuring the first portion
of grain weight and the next ones. Initial grain flow rate ng{t] when entering weigh hopper is determined by equipment
placed before it.

Weigh hopper mechanical system equilibrium and decoding models make calculations based upon dependences (1 — 6).
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Fig. 3— Weigh hopper mechanical system and decoding models

Grain falling finite velocity estimation block model (fig. 4) calculates ¥z, (£} using dependence (7) with known values of
weigh hopper geometric dimensions.
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Fig. 4 — Grain falling finite velocity estimation block model

The fact that, during measuring initial grain portion, sliding gate valve of upper garner is open and grain is falling to the
bottom of weigh hopper from high height is taken into account in this model.

5. Experiments and results

Modelling results fragments (fig. 5) illustrate normal functioning mode of weigh hopper, without overfilling of upper B1 or
lower B3 garners. Pause between the moment of sliding gate valve S1 closes and the moment of sliding gate valve S2 opens is
sufficient for damping the oscillations of weigh hopper mechanical system, which lowers the dynamic component of
measuring error.
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Fig. 5 — Weigh hopper normal functioning mode simulation fragments with constant input flow rate @47 = 1000 tones

per hour:
a) alteration of sliding gate valves S1, S2, S3 position 0...100%; b) alteration of grain mass in garners Bl, B2, B3

When increasing input grain flow rate @47 or changing the position of sliding gate valve S3, emergency or pre-emergency
modes of weigh hopper operation can be modeled.
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6. Conclusions

Effectiveness of weighing process is defined by optimal combination of weigh hopper productivity and its dynamic error.
Productivity increase demand shortening of time needed for weighing process. However, this shortening is limited by time
needed for damping of mechanical system oscillations.

Proposed weigh hopper models allow simulation modelling of normal and emergency modes of operation. They can be
used in general structures of thread-transport lines models.

References

[1] "Sposib avtomatychnoho upravlinnia zavantazhenniam potokovo-transportnoi linii sypkykh materialiv", 95887, 2011.

[2] "Sposib avtomatychnoho upravlinnia potokovo-transportnoiu liniieiu sypkykh materialiv*, 98736, 2012.

[3] V. Khobyn and D. Dets, "Ymytatsyonnaia matematycheskaia model mnohokomponentnoho vesovoho dozatora
peryodycheskoho deistvyia", Naukovi pratsi ONAKHT, vol. 2, pp. 171-177, 2002.

[4] K. Kuhling, Spravochnyk po fyzyke. Moscow: Myr, 1985, p. 520.

[5] "Bulk Weighers GSI", Bulk Weighers, 2019. [Online]. Available: http://www.grainsystems.com/products/material-
handling/bulk-weighers.html. [Accessed: 06- Apr- 2019].

[6] "Hopper scale - Automatic bulk scales - Precia Molen", Precia Molen, 2019. [Online]. Available:
https://www.preciamolen.com/range/automatic-bulk-scales. [Accessed: 06- Apr- 2019].

[7]1 S. Pershina and A. Katalimov, Vesovoe dozyrovanye zernystikh materyalov. Moscow: Mashinostroenie, 2009, p. 260.

[8]1S. Efremov and Y. Vasilkov, "Ydentyfykatsyia modely peryodycheskoho dozatora v realnom vremeny",
in Matematycheskye metodi v khymyy y khymycheskoi tekhnolohyy, 1995, p. 21.

[9] Kyriazov and V. Khobyn, "Prohrammno-tekhnycheskyi kompleks dlia otladky prykladnoho PO avtomatyzyrovannoi
systemi optymyzatsyy zahruzky PTL sipuchymy materyalamy", Avtomatyzatsiia tekhnolohichnykh ta biznes-protsesiv,
vol. 6, no. 4, pp. 29-42, 2014.

CnucoK BUKOPHCTAHUX JIZKepeJ

[1] Crioci6 aBTOMATHYHOTO YIPaBIiHHS 3aBAaHTAKCHHSIM IMOTOKOBO-TPAHCIOPTHOI JiHIT CHOKMX MaTepiamiB: mar. Ha
BuHaxix 95887 Vkpaina: MIIK (2011.01), B65G 17/00, B65G47/46 (2006.01), B65G65/42 (2006.01), GO1G 11/12
(2006.01).Ne a201015861; 3asBi. 29.12.10; omy©Om. 12.09.11, brox. Ne 17.

[2] Crioci6 aBTOMAaTHYHOTO YIIPABIiHHS TTOTOKOBO-TPAHCIIOPTHOIO JIHIEIO CHIKAX MarepiajiiB: mar. Ha BuHaxim 98736
Vkpaina: MIIK (2012.01) B65G 17/00, B65G 47/00, B65G 43/00, HO2H5/04 (2006.01). Ne a201105403; 3asBi.
27.04.11; omry6m. 11.06.12, Brom. Ne 11.

[3] Xobun B.A., Jlen .B. VmwurannonHas mareMaTH4eckas MOJECITs MHOTOKOMIIOHCGHTHOTO BECOBOTO JI03aTOpa
nepuoanueckoro aeicteusa. Haykosi mpari OHAXT. 2002. Ne2. C. 171 -177.

[4] Kyxmuar X. CnpaBounuk no ¢usmke / mepeBos ¢ Hemerkoro. M.: Mup, 1985. 520 c.

[5] URL: http://www.grainsystems.com/products/material-handling/bulk-weighers.html (nara 3Bepuenns 27.03.2019)

[6] URL:https://www.preciamolen.com/range/automatic-bulk-scales/ (nata 3sepuenus 27.03.2019)

[7] BecoBoe nosupoBanue 3epHuUCThIX Marepuanos / I[lepimuaC.B., KataneimoBA.B., OnnonbkoB.T'., TlepmuuaB.®. M.:
Mamunoctpoenue, 2009. 260 c.

[8] Edpemos C.A., Bacunbkos H0.B., Epmios O.I'., PabotHos 1.B. MaeHTudukamnust MOAEIN NEPHOJANIECKOTO 103aTOpa B
peassHOM BpeMeHH. MaTeMaTHYeCKHe METOJbl B XHUMHH M XHMHUYECKOW TEXHOJOTHH: MaTepHaslbl MEXKTyHApOJHOM
koHpepernuu. Teeps: TI'TY, 1995. C.21.

[9] Kupesizos WM.H., Xo6uun B.A. IIporpaMMHO-TEXHHYCCKHI KOMIUIGKC JUISi OTHafKM mpukmagaoro 110
aBTOMATH3UPOBAHHOW CHCTEMBl onTuMu3anuu 3arpy3ku IITJI ceimyuyumu MaTepHalaMH. Aemomamusayis
mexHoo2iunux ma o0iznec-npoyecie. Oneca, 2014, Ne 4. T. 6. C. 29-42.




