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Theoretical aspects of dynamic weighings

The paper discusses the theoretical aspects of the dynamic weighing by the conveyor scales. In the framework
of the statistical equilibrium thermodynamics we obtain a formula that relates the parameters of the measur-
ing system, the characteristics of the cargo and movement of the conveyor. Conditions are obtained for ofti=
mization of dynamic weighing. Considered the problem of weighing the particulate material. It is shown that
the error in measuring the weight of the material proportional to the square of its porosity. The preblems of
thermodynamic constraints on the process of dynamic weighing are considered. It is shown that theyenergy
cost information can not be arbitrarily small, even for arbitrarily large time (or bandwidth). The principalypos-
sibility of excluding the majority of the factors affecting the accuracy of the information-measufingysystems
for weighing on conveyors is shown.
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Introduction

Currently in development, research and application of systéms,of measuring the weight of the material
and its dosing has been a lot of design, engineering and industrial organizations [1, 2]. However, the neces-
sary theory and techniques of engineering calculations are not well\developed, and the fragmentation of in-
formation makes it difficult to choose the best solutions.

Static weighing of materials has reached a considerablelaceuracy and hardware implementation, while
the dynamic weighing is still far from perfect. The zeason ‘for the latter is the large number of factors that
affect in varying degrees, the measurement value of'the dyhamic weighing. Dynamic weighing is most often
used when moving material on the conveyors. At present time scales of various modifications, such as over-
head, LTM, etc. These scales are designed fof continuous, weighing of bulk materials transported by station-
ary conveyor belts. These meters have a aumber of/significant weight disadvantages of a mechanical lever-
weight systems. They are sensitive to shoek and“®verload, pollution prisms, pillows, racks, gears and other
components that are used to measurggmovement of the lever and the transmission systems to the transmitter.
This also applies to the balance -springymeasuring unit. If the weight of such systems being used under the
weight portion of the weighing belypulleyy then turn it affects the accuracy of dosing.

Should be considered more sophisticated weight gauges that have weighing platform or roller bearing is
fixedly mounted, and the weight 1s perceived tough weight sensor. Integral strain gauge weighing conveyor
with continuous electrdnic straifi¥gauge produce at present in many countries of the world.

In this paper, we'examine some of the fundamental aspects of dynamic weighing.

Thermodynamic aspects of dynamic weighing

The theony ofimeasurements, as well as any physical theory, consists of two parts supplementing each
other: principlesgof measurements of physical sizes; the laws connecting results with a condition of object
and laws of change of a condition of object in the course of measurement [3—6].

Any measurement assumes interaction of investigated system with other physical system named the
medsuring device. Result of measurement, namely, result of interaction of the device with object of research
is thedinformation on properties of object.

Everyone (artificial or natural) system of co-operating objects can be considered as information system.
Any part of set of co-operating objects (in particular, and one of objects) can be studied for the purpose of
extraction of the information on other part of this set (in particular, about other separate object) as interaction
provides conformity of conditions, i.e. reflexion, the information maintenance.

Any measurement — is irreversible, i.e. loss of a part of the information takes place. A measure of a
missing part of the information is entropy.

Let's consider the conveyor with cargo in weight m on unit of its length, moving with a speed v, and
with the strain gauge as the measuring device. The strain gauge we will consider as a subsystem of
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noninteracting particles or a subsystem of the elementary raised conditions (ERC), connected to the thermo-
stat (conveyor) at temperature T.If the subsystem with the thermostat exchanges only energy the ensemble of
particles corresponding to it will be initial. The quantum transitions caused by interaction ERC with the
thermostat, will be dissipative (with probability P) unlike interaction with an external field (with probabil-
ity F). Dissipative processes lead to that a secondary field (the system response) always less primary, causing
occurrence ERC (i.c. a signal).

For function of the response of the device in the course of its interaction with object we receive the
formula [7] which, in is considered a case, looks like:

..... N, (1)

n

where AS — entropy change in dissipative process (in the course of measurement); T — relaxdtion time (time
of operation of the device); T, — time of interaction of the conveyor with the device; £ —full energy of'the
thermostat (the conveyor with cargo); G° — Gibb’s energy of the thermostat; N — number BRC; 7 — tem-
perature; k — Bolzman's constant. Size k’N/t, = const.

Change of entropy of object in inverse proportion to quantity Al information on it{8], i.e:

klIn2
AS = , 2
Iv; 2

where kln2 — a power equivalent of the information.
Then for response function we will receive expression:

tTE
n=C- .

0

Al 3)

where C = const. Limiting value n = 1 and for this case it is had;
GO
C - > Y
T (mv- 42 +ingh)

where C,= 1/C, and F it is equal to the sum of kinetigs@fid,potential energy of the conveyor.

The quantity of the information A/ is proportiénal to size of a signal from the strain gauge. Thus, indica-
tions of the measuring device depend on pieperties,_of cargo through G, its temperatures and from
parametres of movement of a conveyor tape if its speed

The Gibb’s energy G” defines heterggeneity of environment, i.e. cargo, and in the elementary case is
given by expression [9]:

Al =

(4)

Gl=XG' + X,G) +..= ). X,G, (5)
i=1

where X; — quantity i — thag€argo ‘¢omponents.

In case of change of structurejof cargo on the conveyor, for example at the ore transportation, the arriv-
ing information will chafige, proportionally AG’. At the big speed of movement of the conveyor the infor-
mation size will decréase aceording to (4) and can lead to the big size of an error of measurement. In the
same result resultsfalsobig time of operation of the gauge and measuring system as a whole.

Parity performanee will be a condition of optimum weighing on conveyor scales:

AG’ / tomT — max. (6)

As showt ys in'work [10], size G° is proportional to channel capacity of information-measuring system

orfa memory size of used processor W. Expression will be definitive a condition of optimisation of process of
dynamic weighing on conveyor scales:

W /tomT — max. @)

Porosity and consolidation of particles of cargo

Porosity of a material of cargo on the conveyor leads to an error in weight definition. We will result
some characteristics of porous materials necessary for us at the further theoretical analysis of dynamic
weighing. The detailed statement of the mentioned questions can be found in works [11-13]. In the same
place the extensive bibliography is given.

Porosity P of a layer or briquette is equal shares from the general space, expressed in percentage which
is not occupied by a granular material. Volume (or seeming) the density is equal to weight of particles in unit
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of volume of a layer. The seeming volume ¥, is equal to the volume of a layer occupied in individual true
volume of particles. The consolidation factor is equal parts (share) of full volume of the layer, V, occupied

with a granular material ¥, , i.e. is equal to the relation V, / V. . The porosity factor (or relative porosity) is
equal 1=V, /V,.

Theoretically, in a layer consisting of one-dimensional spherical particles, the average size of a time
will be equal to the size of the empty space formed at a single-layered chess arrangement of three spheres.
Porous radius:

r=0,154R , ®)
where » — porous radius; R — particle radius.

Theoretical consolidation (packing) of spherical particles can be established proceedinggdrom théwsame
geometrical reasons which are used for definition of packing of ions in a crystal lattice. Datdfor five kinds of
packing of one-dimensional spherical particles are resulted in table. It is necessary to mention, that irrespec-
tive of a packing kind, total porosity does not depend on diameter of particles. From table,it is visible, that at
spherical one-dimensional particles porosity and coordination number are closely intergdnnected.

Table
Regular packing of one-dimensional spherical particles
Packing kind Volume of porous Coordination,number
Cubic 47,64 6
Single chess 39,55 8
Double chess 30,16 10
Pyramidal 25,95 12
Tetraedrical 25,95 12

As follows from the table, this interrelation really exists,only at the ordered packing. There is a possibil-
ity of achievement of some intermediate value of pbrosity between any two nearest kinds of packing by a
correct arrangement of particles without change of c@ordination number. For example, when the coordination
number is equal six (as in case of the ordere@ cubicpacking), can vary porosity of a layer from 47,6 to
39,5 %. Thus, correlation between coordination number and porosity appears not so rigid as it is usually con-
sidered to be.

Packing (consolidation) of one-dimemsional spherical particles does not allow to receive absolutely
nonporous a layer, the minimum poro8ity in sach system, caused by packing, there can be not more low ap-
proximately 26 %. Cargo on the €enveyoncan have distribution on the sizes of particles and a time in enough
wide area. However in technelogicalprocesses aspire to make a cargo stream more homogeneous, applying
crushing, then a sieve and othegadaptations. Special value in the sizes has distribution of particles at dispens-
ing of granular materials"14).

Here we will consider model of consolidation of particles of cargo, partially using the approach stated
by us in work [154

Let's consider thésample with number of particles m. Let distance between particles equally and equal-
ly R. We will deseribe tound each particle 0 sphere in radius R. Let the density of number of particles is
equal in this sphere'n, then () that the nearest particle is on distance » from a particle 0, it is easy to receive
probabilityd?, fiom the classical statistical physics and it is equal:

W, (r) = 4mn,r’ exp[-4nn,r’ / 3]. 9)

The probability of finding N, of particles r is equal in a zone of a particle in 0 radius, obviously,

No
Wy, ()= HWL (r)= (471710)N"1”3N0 exp[—4TcN0nOr3 /3]. (10)
k=1

Probability (10) we will define on the other hand as the relation of number of particles N, in a zone of a
particle 0 to the general number of particles in the allocated sphere — Q, = 4/3 iR

N,
Do = —2= (4nn,)" r*™ exp[—4nn,r /3]. (11)

0
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For system from m particles it is had:

po = (4mny)™ ™ exp[—4nN,nor* /3] = No
0
P, = (d7)" 1 exp[—4mN,n s /3] =0
! ! 1 1 , 1)
N, 3N, 3 N
pm = (4Ttnm) nrer eXp[—4TENmnmr /3] = Q—m
For all sample with number of particles 0, 1, 2, ..., m it is had:
[1¥,
P= Hp, —H(4Tm )N 3N; exp[—41thr /3]= —, (13)
[le
i=0
System the equations (12) and (13) represents system of the transcendental io solve which it

is possible only the approached or numerical methods.
In this connection, it is possible to make a numerical estimation, bein
equation of 1 system (12):

eal situation and the

4r
InN,-InQ, =N, 1n(47m0)+2N3'——N oMo

The corresponding estimation gives, that the first member,of ft part of the equation and first two
members of the right part — are very small. As a result we wi

N, (14)
Considering, that 4m*/3 = V and Inng> InR, from (
(15)
Taking as function of the response volu
NO. (16)
Comparing (15) and (16), we wi
1 Inn, G° "
—. _0 EJ . 17)
The formula (17 s equ111br1um Value of number of particles in the sample. If to consider molar

substance shares consolidation of substance of cargo will be defined as relation &, to number of
i &, to Avogadro's number — K, — Ny/N,;.

The meore will be a deviation of size K, from unit, the there will be a measurement error more.
i (6), (7) and (17), for an error of measurement of the weight connected with porosity of

30 we will have following expression:
2 2
A, ~B(1-K,))" =BP". (18)
where p — some constant; P — porosity of a material.

e equation (18) shows square-law dependence of an error of measurement of weight on porosity of a
material. It is stronger dependence, than it follows from usual theories.

Thermodynamic restrictions of accuracy of dynamic weighing

At each stage of elementary information interaction growth of entropy of the thermostat AS lays with-
in [8]:
1/A’>AS>AS,, =2/A. (19)
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The left border corresponds to extremely irreversible realisation of transient, and right — to its opti-
mum delay. The following is necessary to rebuke. Really, as it follows from (7), transient delay (i.e. at in-
crease T ), a measurement error decreases. However in practice such way is unacceptable and, on the contra-
ry, modern and future information-measuring systems should possess the big speed for transfer of the big file
of the information.

On the other hand, effect of negentropy (effect of ordering in system, AK =—AS'), according to [8]:

AK ~In(1/A)=In\JU/T = Al , (20)
where Al — the quantity of the information received in the course of measurement.
Thus, efficiency of entropy of information-measuring process

LT AR _Apl 1 A<c, ©1)
2 ASmin 4 A

Let's notice, that the effect of negentropy in information-measuring system is by all mieans connécted
with managerial process. In the course of measurement the effect of negentropy appears only when the result
of measurement is presented in the form of scalar physical size. Only such measuremént, whichiresult it is
presented in the form of scalar physical size, can be used as a managerial process stage.

Processes of transfer, storage and information processing are not connected directly with effect of
negentropy, and only with carrying over of the information from one plage in‘angtheryduplication and its
transformation.

Therefore at these stages it is possible to achieve considerable economy@fienergy if to refuse from sca-
lar and to pass to item representation of numbers (only at last stage of management it is necessary to return
again to scalar representation of the operating parametre).

Let's underline, that all known ways of reduction of the power‘price of accuracy of representation of
numbers are by all means connected with time increase (see, thejformula (7)). Time increase, however, re-
duces power expenses only to certain limits. Though these limits ate various for different information pro-
cesses, but are always final. The power price of the information cannot be as much as small even at as much
as big resources of time (a strip of frequencies).

At measurement transition from dependence@AS ~ 1/ A’ to AS~1/A is connected with optimum (in

n < Minax =

1/A time) transient delay.

At unequivocal transformation of scalap, size in veetor each component of last demands essentially
smaller accuracy of representation — ing@limititee@n appear sufficient to distinguish only its two conditions:
presence or absence of a signal. Though withyincrease in quantity of components (dimension of vector space)
requirements to reliability 1/raise wi (. probabilities w of transition of a signal in any of components in
other interval of digitization), the'pewer price of accuracy of representation of all number decreases.

At the expense of refugal of scalar representation and transition to vector it is possible to receive de-

pendences [8]: AS ~ [ln(l/ Aﬂ2 ata digit way of coding when time At or a strip of frequencies increases in
In(1/A) time; AS ~In(1/A) 2~ at one-item coding, when At~1/A.
Asymptotigfthejbesti(in sense of product ASAt) is superfluous coding on Shannon, using digit repre-

sentation with additional (verifying) categories: here the increase in dimension of vector space allows to find
out and corfeeherrors of some frequency rate, that lowers requirements to probability p of distortion (and to

thefrélationda signal/moise) in one category. It is thus reached AS ~ ln(l/ A) with simultaneous growth of
time only in In(1/A) time.
The conclusion

The majority of domestic and foreign conveyor scales, at all class of accuracy of a data-acquisition
equipment do not provide the declared accuracy of weighing. It is caused, basically, impossibility of the ac-
count of some factors, such as, for example, geometry and speed of the conveyor, humidity and dispersion of
a material of cargo, quality of a tape, variable force of a friction of rollers in support and their palpation, and
variety of others.

In present article by us basic possibility of the account of the majority of the factors influencing accura-
cy of information-measuring system for weighing on conveyors is shown.
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B.A.KongéhnkospB-M.lOpos, 5.2K.baiicaros

Y nemeirie/1Iey1iH TeOPUSIIbIK KAKTAPbI

Makasana KoHBeHep ik Tapasbaa JMHAMHKAIIBIK OJILIICYAiH TePMOANHAMUKAIBIK KAKTapbl KApacThIPbUIFaH.
ABTOpiap oOianm TANKaH (CaJMaK eJliey KeMICHIHIH KYpbUIBIMBIH CHMATTalfaH. Tere-TeHIiKci3
CTaTUCTUKANBIK BEPMOJMHAMEHKA IICHOEpIH/IE OJIICHETIH Ja0bUT IaMachl MEH OJIICHETiH JKYKTiH KYHi,
KOHBeHepAiH KO3Fany HapaMeTpiiepi jKoHe oJIiiey KYHeCiHiH Te3 opeKeT eTy KabijeTi apackiHaa Oailanbichl
aHbIKTanFad. KOHBeHepdIH CychIMalbl MaTepHaAAp/bl CAIMAKTAY aKIapaTThIK-eJIIIey JKYHeCciHiH KypaMbIlHa
eHeTiH oMbefan Xabap TapaTyLIBICHIHBIH JKYMBIC alropuTMi MeH Giok-cysdacel kenripiiren. Konseitepiik
Tapa3sHbIH KYPAMbIHA CHETiH aHAJIOTTHIK-IU(PIIBIK TYPICHIIPTIIITIH TYKBIPHIMAAMACHI JKaCaJFaH.

B.A.Konecuukos, B.M.IOpos, 5.2K.balicaros

TeopeanecKne ACNMEKTbI THHAMHNYECCKOIo B3BCIIIMBAHUSA

B pabote paccMOTpeHBI TeOpEeTHYECKHE ACTIEKTHI IIPOIecca JMHAMUYECKOTO B3BCIIMBAHUS Ha KOHBEHEPHBIX
Becax. B pamkax crarHcTHYecKOl HEpaBHOBECHOW TEPMOAMHAMHKH ITOJydeHA (GopMylia, CBSI3bIBAIOIIAs Ma-
paMeTpsl U3MEPUTENBHOM CHCTEMBI, XapaKTepUCTHKH Tpy3a U JIBIDKEHUs KOHBelepa. OnpeneneHsl yciIoBus
ONITHMH3AIMHU TIpollecca JUHAMHUYECKOTo B3BelIMBaHUs. PaccMoTpeHa 3aaua 0 B3BEIIMBAHUU JHCIEPCHOTO
Mmarepuana. Iloka3zaHo, YTO MOrPEeNIHOCTh U3MEPEHUs Beca MaTepHana MpoNopIUOHaIbHa KBaJpaTy €ro mo-
pucTocTH. PaccMOTpeHBI BONIPOCH! TEPMOJIHMHAMUUECKUX OTPaHUYEHHI Ha MPOLECcC IMHAMHYECKOTO B3BEIIH-
BaHus. [TokazaHo, 4TO 3HepreTHyeckas IeHa HHOPMALIMU HE MOXKET OBITh CKOJIb YTOJHO MaJIOH AaXe IpH
CKOJb YrofHO OOJBHIMX pecypcax BpeMeHH (monocsl dacToT). Iloka3aHa MpUHIMIHAIBHAS BO3MOXKHOCTH
ydera OoJbpIIMHCTBA (DAaKTOPOB, BIUSIOMNX HAa TOYHOCTH MH(OPMAIIMOHHO-M3MEPHUTEIHHONH CHCTEMBI JUIS
B3BEIINBAaHUU Ha KOHBeHepax.
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