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Abstract

The article presents the methods used in the asalyshe possibilities of

a modernisation of a metal-elastomer joint consitbacregarding the quality of
the element. The solution proposed makes use ofZ T&®ko known as TIPS)
guidelines, which allow a wide range of factorsaatetl to the application and
production to be taken into consideration. The ys®l joint is used in many
branches of industry. Its variety of applicatioms different conditions and
environments necessitates improvement in its coctsbn with regard to quality
and reliability. The aim of the analysis is to defithe possibilities of
modernisation of the joint, taking into accountntie in the development of
technical systems. The analysis conducted speddfieds in which changes in
construction may be introduced to improve the jand its operational and
maintenance characteristics.
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Introduction

Some of the most important criteria in the prooafsmachine component
designing that influence quality include relialylidurability, and safety. These
criteria are often the basis on which a technicatgonent is chosen by the user.
The designer, constructor, and manufacturer, inptiamce with applicable
procedures and norms, often adapt the proposedics@y improving and
modernising them to suit their current requirememts conditions of use, taking
into account ongoing technological development.iumodernisation works,
it is important not only to apply selected critefta choice, but also to apply
methods that increase the effectiveness of taskpktion, and therefore,
improve the quality of the object. Modernisationosll be carried out
comprehensively, and its verification in practideogld be conducted at the
prototype stage.

In this article, an attempt is made to formulateections and methods for
the modernisation of a selected technical compo(emhetal-elastomer joint)
used in industrial machinery and devices. The pgedasolution makes use of
the principles and criteria of the Theory of Sofyimvention-related Tasks
(TRIZ, also known as the Theory of Inventive Probl8olving, TIPS), which
allow the analysed component to be modernised,|l&meously improving the
guality of the device of which it is a part.

1. Characteristics of the component analysed

The construction of the joint under consideratiorthis article is based on
a patent registered by Hermann Neidhart [5], am&ltihte most commonly found
variation of its construction. The joint consiststwo groups of parts, steel
profiles of a square cross-section and elastomeking elements (Fig. 1). The
larger, external profile plays the part of the ngsand the second, internal body,
is the shaft. The shaft is rotated relative todhsing by 45° angle. In the space
between the exterior corners of the casing andstewalls of the second
profile, the working elements are inserted. Thegecglinders made of rubber.
The diameter of the elastomer elements ensures dieérmation during the
assembly of the joint. The resultant elastic reactn the walls of the profiles
may then be interpreted as a measure of prelottegdint.

Fig. 1. Construction and principles of operatioraahetal-elastomer joint: A — casing, B — shatft,
C — elastomer working element
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The joint has one degree of freedom, which is thation of the shaft with
regard to the casing. For this reason, it can didyused as a damper for
torsional vibration. The load torque applied to shaft causes it to rotate around
an axis proportionally to the load. The rotationttod shaft results in additional
deformation of the elastomer elements, thus inargake strength of the elastic
reaction resisting this motion. Due to the mechalnproperties of the rubber,
the relation between the angle of rotation andaih@ied torque has a non-linear
character. When taking into consideration the genad the joint, it should be
assumed that the rotation angle should not excepbamately 30°, as greater
angles may cause the elastomer element to slipfdahe casing, damaging the
joint.

Metal-elastomer joints are most often used in weridypes of tension
systems of chains, transmission belts, rollers, €hey are also used in the
construction of troughing sets in conveyor beltd snbaffle plates.

a) b)

Fig. 2. Jointed shock absorber (a) and an exanfpis ase in a vibrating feeder (b): A — joint,
B — connector

Joints may be connected in more complex systemsisiorg of two or
more elements. This means that vibration can adsdamped in linear motion,
and this significantly expands the possibilities ttee application of this type of
solution. One example is a four-joint shock abso(B&y. 2a) used in vibrating
machines such as tables, conveyors (Fig. 2b), ereesing units [6]. Moreover,
double-jointed anti-vibrational supports are usedampressors and generators.

The types of objects analysed, due to the varidtyheir applications,
require individual construction solutions relatedthe specific nature of their
use, the conditions in which they are used, anid gneduction technologies. In
the example under consideration, the use of TRBdshallow one to raise the
quality of the object during the process of itsstaunction modernisation.

2. Characteristics of the methods used in searchgrfor an innovative
solution

The Theory of Inventive Problem Solving (TRIZ), haulated by Genrich
Altshuller, is a theory which assists inventors asigners in the search for
new solutions [1, 2, 3, 7], including those in #wcalled “technosphere.” It is



148 PROBLEMY EKSPLOATACJI — MAINTENANCE PROBLEMS 2-2016

applied in many countries and in numerous enterprifeading in the
development of technology. It provides methods #omls that increase the
effectiveness and productivity of the work of intens. TRIZ proposes laws of
the development of technical systems which, whedetstood, allow the
inventor to work effectively in the search for nesmlutions, based on the
assumption that all technical systems develop com@ance with formulated
principles [3, 4].

The analysis of opportunities for the modernisatbtechnical systems (in
German, Evolutionspotenzial-Analyse — literallye tAnalysis of Evolutionary
Potential [4]) is associated with TRIZ. It is onetlee more modern methods of
an analysis of directions that (in accordance wgdmeral principles) the
development of a given technical system shouldofall The result of the
analysis is a set of values which show to whatekegarticular directions in the
modernisation of the studied object have alreadynbexploited at the current
stage of development of its construction, and gimniltaneously indicate which
modernisation possibilities are still available qustified [4]. The procedure for
conducting such an analysis is shown in Figure.348).

—

Indicating
the object
to be analysed

|

Defining
the aim
and the scope
of the analysis

Evaluating
the current
development
stage

Indicating
the possible
modernisation
directions

Fig. 3. Procedure for conduct of analysis (cf. [4])

One example of the use of the analysis of oppdiamifor the
modernisation of a technical system is presenteétdrfollowing chapter of this
article.

3. Modernisation of an object aiming to improve i§ quality using the
selected methodology

The management of an analysis of modernisation reyppides involves the
comprehensive assessment of the current solutittntiaé application of a set of
25 characteristics typical for the selected metligath of these criteria (related
to the relevant trend of development of technigatesms) allows the level of
development of the construction solution under w@ration to be assessed with
regard to the given criterion. The effect of thisessment according to each
criterion is a ranking of current levels of devetgnt and the application of
a numerical indicator w (from 1 to 10), which refle the level of the
development of the construction solution (cf. [4]).

The areas of modernisation and the results of sisssg conducted on the
joint under consideration (with a justification filie chosen indicator values) are
presented below.
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Table 1. Assessment of the level of development dichnical system based on individual

eel

7]

7]

criteria
Item Criterion W Justification
Number of elements of the system and Two rigid elements joined by a rubber
1 ; . > 5
the level of their mechanical flexibility connector
2 Level of ‘dynamics’ of the substance 1 Unifornticsbodies
3 Level of ‘dynamics’ of the field 1 Invariability of th_e mechanical field [2]
due to control of its parameters
4 Level of coordination of frequencies 6,7 Theeysmay reduce resonance effects
5 Level of coordination of tasks 5 Frequency of system operation adjusted
to frequency of force
6 Nature of the task 1 Uniform reaction to force
7 Level of adaptability of the form 6,7 Rub_ber elements adjust to the st
profiles
8 Level of linear development of syste'n2 5 System includes primarily elements
geometry ' which can be represented in linear forn,
9 Level of volume development of systemzl 5 | cubic forms
geometry
10 | Level of symmetry 10 Arrangement of system elements always
symmetrical
11 | Level of asymmetry 1 Asymmetry not applicable
Level of adaptation of the field to the Under the influence of mechanical forg
12 10 -
substance the substance behaves predictably
13 | Level of limitation of energy loss .Ener.gy subject o dissipation
irretrievably lost
14 | Level of segmentation of the object 2, 4S ystem consists of elements which are
separate parts
15 | Level of segmentation of the surface i Smoatiacel
16 Lgvgl of porosny (amount of empty spafe 1 Solid elements
within the given volume)
17 Level of controllability of the operation 1 No control system
of the system
18 ITeveI of susceptibility to control of the 1 Used fields controlled directly
fields used
19 | Level of transparency of the system 5 Inteziements are partially visible
20 hevel of use of sensors / engagemen ofl Not applicable
uman senses
21 | Level of automations 1 No automation present
Human involvement not necessary for
22 | Level of limitation of human involvement 10 | the normal operation of the system, bu
necessary for changes in its parameten
23 Level of connectivity with other systems 56 Connection of rubber and steel
and superior systems ' components
24 | Level of complexity of the system 1] Single objec
o5 Level of connectivity and transfer of 1 Each element performs one defined
functions of system elements function
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The assessment criteria indicated in Table 1 tat@account the selected
factors that have a vital impact on the moderrosatf the construction of the
object, which influences its production technology well as operation and
maintenance processes, with regard to technologibaincement.

The results of the analysis conducted are presentdiie form of a radar

graph [4] (Fig. 4).

Fig. 4. Results of the analysis. The labels on traply reflect the order of criteria presented in
Table 1

The radially placed elements of the graph thatretecovering its surface
indicate the directions for development, which esent the greatest
opportunities for the modernisation of the analysewastruction [4].

Conclusions

The proposed solution allows the improvement of thality of the
analysed component at the design stage, takingaicttount a series of criteria
and limitations related to its application and ttesultant conditions of its
operation and maintenance.

The areas for the future development of the andlygént indicate
directions in which modernisation should be caroeed in order to increase the
effectiveness of such technical systems in a gi@pplication as well as to
suggest its applicability in completely new areAs. example of one such
direction is the possibility of controlling the apéon of a joint (criterion 17).

Assessment of the object (with regard to the amalyenducted) according
to strictly defined criteria is, in and of itsel6f a subjective nature; this,
however, should not negatively affect the searcméov solutions.
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Improvement of a technical system by using the @sed method indicates
directions and potential decisions that could heraboth by the designer and
by the manufacturer. At the same time, it is condudo the organisation of
designing works, particularly regarding invention.

At this stage of the modernisation of constructitre, analysis presented in
this article has given the basis for several nelwtisms, which will be subject to
patent applications.

References

1. Altszuller H.: Algorytm wynalazku. Wiedza Powshea. Warszawa 1975.

2. Altszuller G.S.: Elementy teorii tworcgm inzynierskiej. Wydawnictwa
Naukowo-Techniczne. Warszawa 1983.

3. Knosala R., Borafiska-Sala A., Jurczyk-Bunkowska M., Moczala A.
Zarzgdzanie innowacjami. Polskie Wydawnictwo Ekonomic2Wearszawa
2014.

4. Koltze K., Souchkov V.: Systematische Innovati®fRlZ-Anwendung in
der Produkt- und Prozessentwicklung. Carl HanselageMiinchen Wien,
2011.

5. Neidhart H. J.: Elastic Joints. US patent 2 742. 1951.

6. Wodzhski P.: Zastosowanie zawieszelastomerowych w przesiewaczach
i podajnikach wibracyjnych [w] leynieria Mineralna. Zeszyt specjalny
nr 3. 2003.

7. Anstmymuep I'.C.: Haiitu unero. Beegenne B TPU3 — Teopuio pemeHus
n300peTaTenbcKkux 3anad. AnbnuHa [Tadaumep. Mocksa 2012,

Ksztattowanie jakosci w procesie projektowania na przyktadzie wybraneg
zespotu maszynowego

Stowa kluczowe

Jaka¢, proces projektowania, przegub elastyczny, TRIZ.

Streszczenie

W artykule przedstawiono metodykanalizy maliwosci modernizacji
konstrukcji przegubu metalowo-elastomerowego w laspe jakgciowym.
W proponowanym rozweaniu skorzystano z wytycznych TRIZ, ktére
pozwalaj na uwzgédnienie szerokiego aspektu czynnikéw gzginych
Z przeznaczeniem oraz wytwarzaniem. Analizowany egub znajduje
zastosowanie w wielu ggliach przemystu. Riorodnd¢ jego zastosowadla
réznych warunkéw eksploatacji wymusza koniecgndoskonalenia konstrukcji
Z uwagi na wymaganjakas¢ i niezawodnéc. Celem analizy jest okékenie
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kierunkbw modernizacji analizowanego przegubu prazgkdnieniu trendéw
rozwoju systemow technicznych. Przeprowadzona zaalpozwolita na
sprecyzowanie obszaréw, w Kktorych wprowadzane agmdmy¢ zmiany
konstrukcyjne doskonate obiekt oraz proces jego eksploatacji.





