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MACHINES ON THEIR RECYCLABILITY

Summary

Modern farming machines are manufactured from atioaously growing number of different materials.isTis quite
understandable because different parts and unifamfing machines work in different conditionscahstantly changing
loads and the application of appropriate materialagantee their optimal durability. This directio development causes
that these modern machines, once they have redbbkezhd of their service life, are increasingly mdifficult to recycle.
Therefore, one of the major tasks of manufactuiets reconcile these contradictory requirementsisican be achieved
by developing a method which will allow to deterenprecisely, numerically the impact of the matehiaterogeneity of
the farming machines on the recyclability. Thisdgtypresents such a method which employs the infamantropy of
material heterogeneity of farming machines as asueaof recyclability.

PODATNOSC NA RECYKLING JAKO FUNKCJA RO ZNORODNOSCI MATERIALOW,
Z KTORYCH ZBUDOWANA JEST MASZYNA

Streszczenie

Nowoczesne maszyny rolniczebsidowane z coraz wkiszej liczby rénych materiatéw. Jest to oczywiste, ponigwzsci i
zespolty maszyn rolniczych praguy ré&nych warunkach, przy zmiennych efgeniach, a odpowiednie materiaty
zapewniag im optymalg trwatos¢. Taki kierunek rozwoju sprawidge maszyny te trudniej, po wgkeniu z eksploatacji
zagospodarowa na drodze recyklingu. Zadaniem producentéw masojniczych jest umieine pogodzenie tych
sprzecznych wymaga Mazna tego dokona dysponujc metod, ktéra pozwoli precyzyjnie, liczbowo oKié wptyw
roznorodnaci materiatowej maszyn rolniczych na ich poddthoa recykling. W pracy przedstawiono daketoa, ktora
jako miar podatndci na recykling wykorzystuje entrgpnformacyjmg réznorodnaci materiatowej maszyny rolnicze;.

1. Introduction Material recycling involves repeated utilizatioh the
material from products withdrawn from service as a

Recycling is a widely accepted and increasinglymaterial to manufacture other products. Utilisatafrsteel
commonly used pro-ecological method of disposing ofsections, sheets etc.) from agricultural machines

products and articles which have reached the ertthedf  \ithdrawn from service to manufacture tools, equépm

service Iife, inClUding agriCUItUraI maChineS, winiconsists for animal production etc. provides good examp|és o)
in a repeated utilization of materials and enerfygroducts  material recycling.

withdrawn from utilization. This approach does huztd the A new utilisation of a material from products vdtawn
environment with wastes and, additionally, allowsfrom service to produce other materials is recylifi raw
obtaining economic profits. materials. Collection of scrap metals and theireeded

Recycling is usually divided, from the point obw of  processing in foundries to produce metallurgicatemals
the employed method of disposal and management @f an example of raw material recycling. It is eoysd

materials and energy into the following types: more and more widely for plastics, operating fluigiass
 Product, etc. even though it is more expensive in comparigon
» Material, previous ones.

* Raw material and Energetic recycling refers to the utilisation abgucts
e Energetic. withdrawn from service to produce energy. An exapl

Product recycling consists in a repeated utilmaif a  this kind of recycling is burning of used tyres special
product withdrawn from utilization, as an identigabduct  furnaces in cement mills
following the restoration — after appropriate treant and Modern agricultural machines are made of a varidty
processing — of a condition which will allow itsrfler — materials. This is the result of the achievemehtsaterials
utilization. A good example of this is the regeniera of  engineering which offers to manufacturers of adtical
parts of farming machines. This is the most effectioth machines new, modern materials which are capable of
ecologically and economically method of recycling. meeting the requirements better and better. Howetes
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heterogeneity which is advantageous from the prfintew
of the functionality, durability, reliability andcenomic
efficiency of machines poses a number of diffi@dtivhen
it comes to their disposal using recycling. Thisules from
the fact that, irrespective of the applied recyglmethod,
each kind of material must be first separated fritma
machine structure by disassembling it and, later its

Ultimately, after developing methods allowing the
determination of the impact of different factors on
recyclability of machines, it will be possible téalkorate
one method which will make complex evaluation aofth
feature of agricultural machines possible.

3. Method

management employing appropriate recycling methods.

This approach is also necessary in the case ofnaterial
recycling which
agricultural machines withdrawn from service.

In literature on the subject, the term “recyclapilof
machines” is sometimes used [3, 4] which is undestas
such preparation of the machine during the prooésts
manufacture as to facilitate its recycling. There also
numerical methods allowing valuation of this trait.
However, so far, no universal measure which wolllma

taking under consideration many criteria has beeR/I_
elaborated. Moreover, there is no method which doul = ~

allow to assess the impact of the diversity of mieterials
employed to manufacture these machines on
recyclability. The applied methods are confined d@o
numerical (percentage) specification of proportiook
individual ‘recyclable’ and ‘non-recyclable’ matels in a
given machine [3].

We know intuitively that a machine manufactureainfr
one kind of material will not require disassembliagd
separation into groups of materials prior to reieychnd its
“raw material” recyclability will be high. Howeveif a
machine must be disassembled and separated inipsyod
materials prior to recycling, then the higher thenber of
materials used to manufacture this machine, thesevare
its recyclability potentials. Still another problem the case
of a specified number of kinds of materials, isithe
percentage proportion in the machine structureah be
measured on the basis of its weight in relatiotheoweight
of the entire machine or its load in relation toe th
environment. If the proportion of one type of matkis
dominant and that of the remaining material neglaithen
the dismantling of one (dominant) type of matesaat its
management by recycling will reduce considerablg th
amount of wastes. Hence, the recyclability of swch
machine will be considerably higher in comparisathwhe
machine in which the proportion of individual greupf
materials will be similar or equal.

This kind of intuitive, descriptive informationltiaough
logically correct, is not sufficient when assessitige
recyclability of agricultural machines. Recyclatyili
alongside functional properties as well as durgbitind
reliability, is an important evaluation criterionf o
agricultural machines. There is no method in thailakle
literature on the subject which allows objectivamerical
valuation of this trait and, hence, the comparismin
different constructional solutions of machines.

2. Aim and scope of investigations

The aim of the study is to develop a method which.e.p;=p,=

would allow to evaluate numerically the impact diet
number of kinds of materials as well as the praporof
the kinds of materials used to manufacture the machn
its recyclability. Its development will provide ad for an
accurate assessment of the effect of the numberatérial
kinds and changes in their proportion on recycighil
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is dominant in the management ofrequires formalisation of

At the beginning, the development of the method
the object of our study
(agricultural machine) from the point of view ofeth
problem to be solved. In our case, the machine lman
treated as a set of classes of materials, including the
materials from which its parts were made. At thégs, the
kind of material is assumed as the classificatigteron. In
this case, machin®l can be represented using an equation
as a set:

{mlv nba
where:m i=1, 2,

1)
, N, designate i-th kind of maaéri

their Each kind of material has a certain share = 1, 2,....,

n in the entire machine The determinatiorpofakes place
by determining the ratio of the material weightto the
total weight of the machingy, can also be determined by
adopting a criterion other than the weight, e.gstgoof
recycling, load on the environment by the i-th kiod
material etc.
In this study, the following assumptions were addp
e We distinguishn classes (kinds) of materials from
which machine parts are made,
e All kinds of machine component materials undergo
recycling,
« Each machine component part undergoing recyclimg ca
be included only into one class of material,
* The proportion of the i-th class of material in #wtire
machine is determined by the relative vagiyé< p <1,

n
. Z p =1.
i=1

Information entropy [1] whose value was expressed
equation 2 was adopted as a measure which allowed t
evaluate the material heterogeneity of a given rmech

n

H= Z pi 102 pi.
i=1

(@)

Information entropy increases with the increasehim
number of kinds of materials used to manufacture th
machine and with the equalisation of the proportafn
individual kinds of materials in its weight. Infoation
entropy assumes the highest value
Huax. = logo 1, ©)
when the relative proportion of the individual kénaf
materials in the structure of a given machine & same,

Information entropy allows numerical valuation tbe
assessments earlier expressed intuitively regarding
recyclability of agricultural machines as a funotiof
heterogeneity of materials used to manufacture them
Logical correctness of the presented line of théuigh
presented in Table 1.
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Table 1. Weight proportions of various kinds of eni@als used to manufacture the machine and evainatif material
heterogeneity of the machine

Tab. 1. Udzialy masowe #aych rodzajow materiatdbw wykorzystanych w budowieasayny oraz entropie ich
réznorodndgci

Share of i-th materia
) Udziat i-tego materiaty A B C D E =
Type of machine
Rodzaj maszyny
ps 1.00 0.50 0.25 0.125 0.60  0.3¢
P> 0.00 0.50 0.25 0.125 0.1  0.2¢
Ps 0.00 0.00 0.25 0.125 0.0p 0.1%
P4 0.00 0.00 0.25 0.125 0.0p 0.1%
Ps 0.00 0.00 0.00 0.125 0.05  0.0%
Pe 0.00 0.00 0.00 0.125 0.05  0.0%
p7 0.00 0.00 0.00 0.125 0.05  0.0%
Ps 0.00 0.00 0.00 0.125 0.05  0.0%
Entropy H 0.00 1.00 2.00 3.00 2.0 2.66
Entropia Himax
(bit) 0 1 2 3 3 3
Table 2. Weight proportion of individual materials the total value of entropy is reverse to the recyclability thie
weight of the Pilmet 412 sprayer machine. The performed analysis is logically cdrrec
Tab. 2. Udziat masowy materiatow w ogéinej masigyskiwacza  |nformation entropy may be employed as a numerical
JPilmet 417’ measure of recyclability of a machine resulting nfro
material heterogeneity.
Machine variant
Kind of material Wariant maszyny
Rodzaj materiatu Po statlz\lliowy Variant A Variant B 4. Example
Polyethylene
Polietylen 17.31 17.31 17.31 An important, albeit not ultimate, test of the stamtive
glo(llg?:/i"d)e correctness of the new method is its practical iaptibn
Pol?;mid 250 250 250 and _the evaluation of the obtained results. F&r mlmlrpos_e, _
P2 (100%) a Pilmet 412 sprayer was employed. The machine is
Polyvinyl chloride characterised by a high material heterogeneitB]2|f we
Polichlorek winylu 0.58 0.58 2.50 assume that all materials used to manufacture gheyer
’();é]lgrop/l‘gsﬂcs are recyclable, then the precondition for the réagc
Inne tworzywa L2 0.00 0.00 process is to disassemble the machine and separate
sztuczne : : : individual groups of materials. Our intension isitarease
P4 (100%) the recyclability of this sprayer and this can bhiaved by
Rubber one of two ways. The variants are presented i tide 2.
Guma 231 231 231 . o -
0s (100%) The envisaged modernisation of the sprayer cabist
oil limiting the number of materials employed for its
Olej 0.19 0.19 0.19 manufacture. The group “other plastics” was elirtedeand
Ejé%;g(ﬁ’%d o replaced by metals and alloys in Variant A or byypinyl
Metale | stopy 4 7519 7511 75.19 chlorld_e of the same weight in Variant B. Then mfiation
P, (100%) entropies for all the three cases were calculafke
Entropy H 1.15 1.02 1.13 highest value of this parameter was determined tlier
'(Ebfi]tt)mpia Hun 28 28 28 Basic Variant. Modifications introduced in Variamsand

B limited the number of the employed materials whic

improved the recyclability of the machine. Thesaraes
Machine A manufactured from one kind of mater&l i are well described by the entropy values calcul&aethem

most recyclable and its entropy assumes the vdlzero.  which decrease in both cases. These values aserthiéest

As the number of the employed materials increaaad, in Variant A which is characterised by the best

assuming their equal proportion, the recyclabilitfy the  recyclability. Therefore, it is this Variant thahauld be

machine decreases, while its entropy increaseshimes  selected for the practical modernisation of theger.

B, C and D). At the assumed number of the kinds of

materials (e.g. n = 8), when the proportion of ohthem is 5. Recapitulation

dominant (machine E), the recyclability of this miae is

higher in comparison with the machine where the The method presented in this study allows valmatib

proportion of materials is equal (machine D). Ifeth the recyclability of machines via the function dfeir

domination of one kind of material declines (MaehiR), material heterogeneity. The performed analysis #rel

then the recyclability of this machine also decesasThe presented example show that the method can bseatifor
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