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Bropa merynaponna koudepennuja ETUMA
Second International Conference ETIMA

PREFACE

The Faculty of Electrical Engineering at University Goce Delcev (UGD), has organized the Second
International Conference Electrical Engineering, Informatics, Machinery and Automation -
Technical Sciences applied in Economy, Education and Industry-ETIMA.

ETIMA has a goal to gather the scientists, professors, experts, and professionals from the field of
technical sciences in one place as a forum for exchanging the ideas, strengthening the multidisciplinary
research and cooperation, and promoting the achievements of technology and its impact on every aspect
of living. We hope that this conference will continue to be a venue for presenting the latest research
results and developments on the field of technology.

Conference ETIMA was held as online conference. More than sixty colleagues contributed to this event,
from five different countries with more than thirty papers.

We would like to express our gratitude to all the colleagues, who contributed to the success of
ETIMA’23 by presenting the results of their current research and by launching the new ideas through
many fruitful discussions.

We invite you and your colleague to attend ETIMA Conference in the future as well. One should believe
that next time we will have opportunity to meet each other and exchange ideas, scientific knowledge
and useful information as well as to involve as much as possible the young researchers into this scientific
event.

The Organizing Committee of the Conference

IIPEJTOBOP

Merynapoanata konpeperuuja Enexkmpomexnuxa, Texnonozuja, Hngpopmamuxa, Mawuncmeo u
Aemomamuxa-mexHuuKu HAyKu 60 ciyxycoa na ekonomuja, oopazoseanue u unoycmpuja-ETHMA e
OpraHu3MpaHa oJl cTpaHa Ha ENeKTpOTeXHUUKHOT (aKyITeT NpH Y HUBEP3UTETOT ,,I one Jemuen™.
ETUMA wuma 3a men aa ru cobepe Ha €IHO MECTO HAay4HHUIUTE, MpPo(ecopuTe, €KCHEPTHUTE U
npodeCHOHAIIKTE OJ1 ITOJIETO Ha TEXHUUYKUTE HAYKH U J1a IpeTcTaByBa (OpyM 3a pa3MeHa Ha UIeH, J1a
T0 3ajKaHyBa MyJITHIUCLUIUTMHAPHOTO HCTPAXKYBambe U cOpadOTKa U a TH IPOMOBHPA TEXHOJIOIIKUTE
JNOCTUTHYBamha M HUBHOTO BIIMjaHHE BpP3 CEKOj acleKT of kuBeewmeTo. Ce HajeBaMe JeKa oBaa
KoH(epeHIIMja ke TPOJOJDKU Ja OMJe HACTaH Ha KOj Ke Ce Mpe3cHTHpaaT HajHOBUTE PE3YJITaTH O]
HCTpaXXyBamaTa U pa3BojoT Ha ITOJIETO HAa TEXHOJIOTHjaTa.

Koudepennujara ETUMA ce oapska online u Ha Hea 1agoa CBOj IPHAOHEC TIOBEKE O IIEECET aBTOPH
O]l TIET Pa3IMYHH 3eMjH CO TIOBEKE OJ] TPHECET TPYJIa.

Cakame 512 ja MCKakeMe Hamlata OJaroJapHOCT 10 CUTE KOJIETM KOHM NPHIOHECOa 3a YCHEeXOT Ha
ETHUMA’23 co npe3eHTHupame Ha pe3yiaTaTH O] HUBHUTE TEKOBHH MCTPAXKyBamba U CO JJAHCHpAmE Ha
HOBH UJICH MPEKY MHOTY TUIOJIHU JTUCKYCHH.

Opeanuzayuonen 0060p Ha KOHpepeHyujama
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ALGORITHMIC METHOD IN DYNAMIC DOSING SYSTEMS BASED
ON WEIGHT MEASURING PRINCIPLES

Vladimir Gebov ?
1South West University in Blagoevgrad,
email: askon@swu.com

Abstract

Algorithmic method and a technical solution are suggested in order to increase performance of worm-and-wheel
dosing systems (bagging machines) operating on weight measuring principles. The results from the weight
measuring processed by using Fourier transformation and extrapolation of the weight transformation curve. The
method applied in an algorithm for controlling weight in two situation of the working cycle of the flour-bagging
machine: selective weight measurement of net and tare. The algorithm allows increasing the productivity without
changing the mechanical design of the machine. This improvement helps make the machine competitive with the
best Western packaging machine manufacturers.

Key words

Bulk dosing systems, dynamic weigh, extrapolation, algorithmic method
Introduction

Dosing of bulk materials for production purposes is a very common process. Most dosing
appliances and machines based on indirect methods for mass measuring by accepting specific
weight and bulk materials’ flow as measured quantities. However, these parameters influence
the weight precision rather somewhat negatively.

In order to improve enterprise’ competitiveness in a market economy the quality of products
should be constantly increasing, and by extension productivity. In accordance to 1ISO 9001 for
products’ quality certification, one of the requirements is that precision in packaging should be
constantly improved and controlled. The paper aims to improve precision in dynamic dosing of
packaged (in bags) flour as well as to increase productivity requirements.

2 ¢e

Some basic factors, which influence batching, are “deposing on walls”, “the sinusoidal features
of bulk flow during worm-and-wheel dosing”, unequal humidity and different aerated indices
of bulk materials, etc. A controlling algorithm compensates factors that alter slowly in the
course of time (humidity). Other factors lead to serious errors in weight measuring (deposits of
measured quantities), thus they have to identify and made evident by alarm indicators [1].

Decisive factors, which increase precision of dynamic measuring, are “determined deviations”,
which result from the sinusoidal law in worm-and-wheel feeding. Another is random
distribution of flour specific gravity during dosing. Both characteristics must taken into
consideration.

Typical Requirements of Bulk Material Dosing Devices

The base for a classification of different dosing and proportioning devices for bulk materials is
a prior definition of the associated requirements and the expected performance measures. For
this, it is common sense to concentrate on the following four basic characteristics:
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I. Accuracy. The accuracy of a dosing or weighing system is the degree of closeness of
measurements of a quantity (e.g. massflow) to that quantity’s true value).

I1. Stability. The stability of a bulk material dosing unit typically defined as a time interval in
which the accuracy definitions associated to the system can guaranteed without any manual
intervention.

I11. Availability. The availability of a dosing unit can defined as the typical ratio between the
times where the system is operatable and the total working time in a defined period.

IV. Productivity. Productivity depends on the proper functioning of the above process
characteristics and then on the requirements for high economic indicators of the process. Higher
productivity means less energy costs, labor costs, and higher competitiveness in a dynamically
changing market. This article proposes a general solution for increase productivity based on
controlling algorithm.

1. General Classification of Bulk-Material Dosing Devices

The base for a classification of different dosing and proportioning devices for bulk materials is
the former definition of the functional entities of those machines. For this, it is reasonable to
distinguish three main functional elements of typical dosing devices:

(). Measuring, (ii). Conveying and (iii). Controlling. The combination of either any two or all
three of these basic elements defines the specific character of the equipment, as shown in Fig.1

d .
Measuring
e.g. static scales
Indirect dosing Metering
e.g. loss-in-weight dosing e.g. belt scale
Closed-loop dosing Conveying

e.g. Belt weigh feeder €.8. SCrew conveyors

Open-loop dosing

e.g. volumetric dosing

DIMATTEQO G

Fig. 4 Classification of different dosing/metering/weighing devices based on three basic functional
elements

Here, it is possible to name six different classes of machines as a general taxonomy for the
proportioning of bulk materials. The exact definition and corresponding aspects are
summarised within Table 1.
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Table 1 Overview of different dosing/metering/weighing devices

screw speed

Class of Measuring Metering Indirect Open-loop Closed-loop
Machine dosing dosing dosing
The actual | The material The actual The actual The actual
volume V IS volume V conveying weight M
or weight m conveyed or weight m speed v is or volume V
of the with a of the controlled and
material is certain material is based on a the actual
measured conveying measured pre-defined conveying
and used to | speed v and and used to calibrated speed v
define at the define the relation in is measured to
the actual same time | actual amount | order achieve | calculate the
amount the ata a certain M actual mass
5 at .a given actual giventime | volume flow . flow or
a time massflow is and at the V or mass volume flow
S determined same time a flow M V. The actual
A based on a separate conveying
measured conveying speed
weight system is continuously
m[kg]. controlled in controlled in
M[kg/h] is order to order to
define by achieve a achieve a
v [m/s], certain desired mass
Im[kg] and | volume flow or volume
L[m] length V or flow.
of the scale. | mass flow M
Measured m [kq], v [m/s], v [m/s], m[kg] - v [m/s],
values V [m3] m[kg] m[kg], V
[[m3/h], M
[kg/h
Control - v [m/s] V [m3/h], v [m/s] v [m/s] ->
variables M M V [m3/h],
[ka/h] [ka/h] M
[kg/h]
Type of - Continuous | Discontinuous | Continuous
operation
Type of Gravimetric Gravimetric
dosing
Example Silo scale Belt scale Differential Screw Weigh Scale
dosing conveyor wit
setups (e.g. pre-defined
loss-in- calibrated
(weight relation
systems between
volume and

Source: author based on [5]
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In this article we sugest new combination of dosing sytem based on combination between
Open-loop dosing and Closed-loop dosing used in bag filling machine of the flour in mill
factory. This is the first step to increase productivity of the bag-filling machine.

2. Discontinuous batching dosing system for bulk material

The chart for batching and dosing bulk materials as shown in Fig. 1 includes a worm-and-wheel
mechanism driven by an electric motor, weigh-measuring transformer, and a regulating unit
for feeding and dosing. The regulator is a position regulator. Theoretically, it is well known
that best results for precision and quick action are achieved when a 5-sector speed diagram is
used [2]. Conducted experiments show that different parts of the speed diagram can optimized
in order to increase precision [3].

In Fig. 2, shown discontinuous batching dosing system completed with two-bag filing machine
work in DEM Kulpin — Serbia. Two control system work synchronously with one belt for filled
bags. These bag filling machine work semi-auto mode. The operator attaches an empty bag to
the machine's outlet valve screw and then everything is automatic including dumping the
finished bag onto the belt. In new systems bag filling machine assembled with bag placer and
all the process is automatically. The two bag filling machines synchronized with each other
through a connected algorithm.

The block diagram of the discontinuous batching dosing system shown in Fig3. This dosing
principle chosen because it provides maximum accuracy with high productivity. This is
necessary because of the market.

Fig. 5 Bag Filling machines in mil factory Kulpin, Serbia
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Bulk
material l

Q[t/h]

2. Inverter

Flkg]
1. Main control 7. Weigh transformer ‘L

unit D «— ﬁl—) 6

Fig. 6 Electronic system for dynamic dosing in worm-and-wheel mechanisms 1 - Main control unit; 2 -
Frequency control of the asynchrony electro motor; 3 — 3-phase electro motor; 4 - dosing worm-and-
wheel mechanism; 5 - Bag; 6 — Tens metric system; 7 - Weigh transformer;

Basic advantages of the system:

1. Main control unit is controller based on microprocessor MC9S12DG256 with 24 D,
24 DO and ADC7730 with two analog input for tense system, one analog input for measure
temperature with DS18B20 — one wire temperature sensor. The kernel of the software work
in real time and Interrupt handling done through a priority matrix. In this way measuring and
control system work properly. The author developed this controller and system software. The
controller and system software used in many applications and systems more than 15 years.

2. Inverter selected senseless technology, which achieves better speed control both at a
constant level and during braking, which, compared to ordinary inverters, is decisive for
achieving higher weigh accuracy.

3. 3-phase asynchronously electro motor selected for reliability and price

4. Dosing worm-and-wheel mechanism made with additional spreader wheel and
additional hopper for pre-volume dosing.

5. Tense system work with two cell connected to ADC7730 in continuous conversion

mode. The 16-bit analog to digital conversion work continuously with time of conversion
about 10 mSec. ADC7730 has key features Offset Drift: 5 nV/°C, Gain Drift: 2 ppm/°C, Line
Frequency Rejection>150 dB, Buffered Differential Inputs, Programmable Filter Cutoffs
Specified for Drift Over Time

3. Model of the technological cycle of the bag filling process

When dosing bulk materials the periodic constituent changes in accordance to the sinusoidal
law [1]:

m(t) = mstat (t) + rﬁdin Sin(a)t + ¢0) ’ (1)
Where
e m*(t) - the mass of the total material for a certain time interval t

e Msat(t) - defines the linear mass gradient
e Mmygin(t) - defines the periodic change of mass. This compound is a result of the spiral of

the dosing auger.
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We can determine the force exercised by the falling bulk flow onto the tens metric system:

Fo) = F(0)+ FlO)= M 0+ g, sin(et + 0, +2) + 250 2, cos(at g, +0) 2

product _in_bag

falling_column

Where

*

e F(t) - force of the weight of the flour in the sack

o F(t) - force of the weight of the flour above the sack

The weight of the falling material is determined by

M., =M (t)+M(t)=/2gh drgt(t) + [ g, sin (et + g, )dt A3)
0

Where

*

e M (t) - The mass of the flour, proportional to the h height from the bag to the dosing
auger, as well as to the auger performance dm(t)/dt

e M (t) - The mass of the flour defined from sinusoidal influence of the auger

From (2) and (3) the difference between the falling material and the dynamic constituent of the
force on the tens metric system can estimated as:

~ ~ ~ oS —CO0S
AF () = FO)— W (1) = g, COS(@t + gy + 7) + g, 2NCTH )= O

[0}
AF() = rﬁdm[cos@t o1y 00T+ 0,)—cosle, )j
(0]

(4)
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4. Technological process controlled by Algorithm

{ Begin qf the process J

Measuring the tare-weight

1. Stochaztic evalugtion of tare-weight M{F o) = I F e
2. Evalumtion of tore-dispersion Greal< Omme

g

Meagouring during the dosing process

1. Extrapolation definition of mdinu @0 of sinusoidal deviatiors by
applying Fourier analvsis.

2 Extrapolation definition of dosing gradient

3. Evalugtion of gradient = dizperzion

4. Eztimating the clozing momswt of dosing.

|

Skip Measure

Megsuring the brut

1. Seochastic svalumrion of advance ervor
2. Evaluating the dispersion qf doze measwring (real< G

B

R

Fig. 3. Algorithm showing the discrimination of error in dynamic dosing by applying the extrapolation

method

|

Coleulate accumulation values

1. Caleulate productivity Flow(thi
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[ End of the procezs ]
|
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Results

Estimating the error from the tare measurement and the error from the measurement of the
weight value - gross, allows the transition to an accelerated mode of operation. When these two
values approach the minimum allowable, it goes into turbo operation mode.

For machines that use closed bags with valve filling of the packages, the performance limited
by the speed of the valve, which is limited to 8 seconds + 2 seconds for releasing and filling
the new bag. This limits the productivity to 9.0t/h.

Compared to western companies such as PAGLIERANI and FAVEMA on a similar technique,
whose productivity is 7.5t/h, one can see the significant advantage obtained when using the
algorithm in terms of the productivity indicator. The measurements and experiments were made
on machines of the company Askon EOOD, which operate in Bulgaria, Serbia, BiH, Romania.

Table 2 Productivity of the bag-filling machine with different type cycles calculate in
case of 25kg charge.

Type of Measuring | Closing | Dosing | Closing | Measuring | Cycle | Product.
machine Tare [Sec] | low clap | Fast and high Tare [Sec] | Time [t/h]
Fine clap[Sec] [Sec]

Common 4.0 1.0 5.0 1.0 4.0 15 6.0

With 0 1.0 5.0 1.0 0 7 12.9
algorithm

Algorithm+ 0 1.0 4.0 1.0 0 6 15.0

advanced fill

Conclusions

In today's conditions of strong competition and lack of workers, the productivity of machine
equipment is of great importance. The competition in the market for technological equipment
intended for flourmills in the European market, as well as in the world, imposes high criteria
regarding the performance quality indicators of the machines and systems used in the
production of flour and milled products. The price and reliability of the equipment are not
sufficient criteria when choosing a certain type of equipment. The publication offers an
algorithmic method that allows increasing the productivity of flour packaging machines by 25-
30%. This method is applicable to all machines operating in the milling industry, regardless of
supplier. The application of the algorithmic method allows to significantly increasing the
performance without the need to change the mechanics or electronics. Only the pre-dosing
module also implies mechanical changes to the packaging machines. A specialized software
has developed which, through an online statistical analysis of the deviations of the
measurement of the weight of the dose and the tare, provides an assessment of the possibility
of applying the algorithm to a randomly selected machine.The algorithm works completely
autonomously and does not require any settings or manipulations by the operator.
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