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ABSTRACT

The Elastomeric materials have found use in a wéahgie of applications, including hoses, tires, gésk
seals, vibration isolators, bearings and dock femd€he analysis of rubber blocks for its compra@ssi
and shear behavior has been carried out usingntiaging techniques. The dynamic stressing and its
associated change in shape of the rubber blockgllarge compression are very limited as their
measurements were difficult. A newly developed MaehVision based image processing test has been
effectively used to study the deformation charasties of the rubber blocks under large strains. An
extended analysis on the rubber blocks has beenedaput to understand the compression and
deformation behavior in static and dynamic conditémd the nonlinear behavior were also characterize
The rubber blocks of distinguished geometries halewn diverse change in shape and nonlinear
deformation behavior under compression/shear laadin
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1. INTRODUCTION Rubber does not obey the classical law of
friction that states that the ratio between frinibforce
Friction force between the rubber and a surface ha and normal load is a constant known as coefficant
two contributions commonly described as the admesio friction (u). For rubber,u decreases rapidly as the
and hysteretic components. Several theories haga be velocity increases. The friction coefficient of hey is
developed to describe surface roughness and theyse affected by the existence of lubricants orewand
relation to the real contact area. The study ofihys the effect of pressure distribution and fdodl
compressive behavior of rubber blocks and its shapggce is yet to be clarified. The mechanism of oyptied

change has its significance in many engineering,,pner piock contacted on a dry surface was differe
applications. Many papers have been reported on th‘?rom the wet surface and its friction increaseddiy

compression of .rubber.blocks between ”g'd plates a surface and decreased in wet surface (Nakajima and
the linear elastic strains have been validated H®y t kahashi. 2002
tga ahashi, ).

researchers. Here, an attempt has been made o
understand the large compressive strain phenomenon When the natural rubber cylindrical blocks hadrbee

along with linear elastic strain. When the block baen ~ cOMPressed the contact area increased substauaiialip
compressed they exhibit a nonlinear stress digtbu  Nonlinear distribution was observed at all strawels
and dramatically different behaviors predicted bylier ~ (Patenaudet al., 2005). The traction forces generated by
investigator (Gent, 1994). A number of works haérbe a rolling pneumatic tyre are influenced by a numbiker
carried by Gent (1994) for the development of nuadir factors out of which tyre construction, tread paite
elastic solution for the deforming rubber block to tread material are in the interest of tyre desidifirh,
evaluate the non linear response. 1992). The contact time of a rubber tread block dor

Corresponding Author: K. Sridharan, Department of Rubber and Plastichii@ogy, Anna University MIT Campus, Chennai-6@@ 0ndia

////4 Science Publications 681 AJAS



K. Sridharan and R. Sivaramakrishnan / Americanrimwf Applied Sciences 10 (7): 681-687, 2013

vehicle velocity of 100 km H takes about 5 ms, The tread pattern is a source of anisotropy ie tyr
during this contact time the tread block passes atread layer. Tread blocks may be compressed artdsben
sticking and a sliding phase and finally snaps outmuch that the vertical load is transmitted justfimntal
(Moldenhauer and Kroger, 2010). edges of the tread pattern blocks. Lateral disphaces

In the complete absence of slippage, stress andf the surface of tread layer become substantgtater
strain are not uniform throughout the test piecel an than those in radial directions due to considerable

barreling takes place on compression. In real casef®nding and stretching of tread blocks. When thesty
during the dynamic condition the increase in &€ N static, the distribution of the normal loRds

temperature makes rubber more elastic which regults sy:nrrr:e;nc with reﬁpeith tot the centetr t(')f thtieﬁggtad
stronger stress concentration and causing crackseat patch. However, when the tyres are rotating,

contact tips at faster rate. The contact betwesndnd load d|str|bult|on IS non-symmetric. The study Giad. .
. 2 . block behavior under the static and dynamic coaditi
road has been observed at a very high magnification

d th | ¢ tact tonically decid would be effective and more useful in the pattern
an e real area of contact monotonically decibase design and analysis.

(Persson, 200_9). _The tyre tread blocks are _stable It is one of the major objectives of the reseah
enough to provide its own performance towards 1g8ea ngerstand the compression behavior of the rubber
traction, low noise and heat built up propertiefieT 5cks and its effect on shape factor under vagiabl
contact pressure is not uniform in its functioneugd it loading condition in the process of designing aberb
had been reported that the friction force is maxedi  component. The general behavior of a tyre treadkblo
when the pressure distribution is uniform from the has been taken into consideration for this studg an
experiments conducted on the optimized rubber Isléck  analysis of the same has been carried out. Traazksl
increase the frictional force by uniform contacegsure  are compressed and bent so much that the ventiadlis
distribution The tread blocks are subjected to both transmitted just by frontal edges of the tread guatt
normal as well as lateral forces which make them toblocks. Lateral displacements of the surface oadre
suffer under uneven pressure distribution. layer become substantially greater than those diara
. .. directions due to considerable bending and stne¢cbf

11.Review on Friction and Pressure  yead plocks. The present work focuses on the rimglel

Distribution of the tread block with a different geometry and to

Compression set measurements have been use@n_alyze its compression and deformation charatit=ris
traditionally as an indication of sealing perforroan USing the developed image tool.
because they are relatively simple tests to perfdon The static 'Oad'hg (.)f the cyllno_lrlcal shaped rubbe
know what correlation exists between compressidn seblOCk has_ been studied in past and its response theen
and compression stress relaxation. Measuremengetof s reportgd in papers. Attempts have l_)een made ty $ed
under compression provides a practical evaluatfahe dynamic response of the cylindrical and other

; geometrical shaped rubber block under large
creep or the stress relaxation of rubber and vesful . : .

) o compressive/shear strains. Experiments have been
for the purpose where a high degree of precisiomots

required. Several theories have been develooed tconducted on the rubber tread block with same cbnta
q q i ' ; h d th lation t eSaIe rea and different geometrical shapes i.e., same
escribe surfacé roughness an € rélation to volumetric properties and mass properties but with

contact area. It is a known factor that frictiondise to ifferent shapes. The friction coefficient was talke be
energy dissipated when rubber is compressed anq,.ciant throughout the analysis

released by asperities. There are four differentcas of

non-linearity in solid mechanics which includes 2 MATERIALSAND METHODS
geometrical, material, force boundary conditiongd an

displacement boundary conditions. In the tyre tread The working setup is made rigid for better staili
block contact phenomenon, the above stated nonof the system. A camera stand of adjustable type fo
linearity is highly concerned as they are not camisand  holding the camera is used and the camera can be
its variation is highly dependent on pavement. Oasic adjusted to move up and down in order to captuee th

part of the tyre is the tread pattern which is irect image. An Acrylic board is placed over the standcivh
contact with the road surface and thus it is resjbm acts as a fixed platen and the blocks are compidsge
for the friction level of the whole tyre. the piston attached in the double acting cylinder.
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Fig. 1. Schematic of experimental setup

Fig. 2. Deformation pattern of cylindrical rubber blockdem normal compressive force

A pneumatic control setup with FRL unit and pressur 2.1. Experimental Investigation

gauge are mounted in series for its effective

functioning. The piston compresses the rubber block  The basic idea to conduct the research is to dpvel
under variable pressure load and the stiffness werea machine vision tool to study the compression and
evaluated. A Samsung SDC 310Analog camera is fixeddeformation behavior of rubber blocks. The rubber
in the camera stand and is connected with a compute blocks of different geometrical shapes which arsilar
order to view and capture the image. Effective tigh to the tread blocks of the tyres were analyzedtartics
sources have been provided for better illuminatitime and dynamic condition. The deformation behaviothef
Fig. 1 given below shows a complete experimental setblock has been studied and will be useful to opténthe

up used in this investigation. tyre design. The deformation behavior of a regular
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cylindrical, square and other geometrical blocktiglied

The compression studies on the rubber block have

under different compression loads. The cylindrical been carried out experimentally and its charadiesis
rubber samples of diameter 16 mm and of height @0 m had been studied. It had been inferred from the pas

(aspect ratio a/h = 0.8) were used in this studye
pressure range between 1 bar to 5 bar was applied
the cylindrical rubber block to compress it andutisg
compressive/shear response was recorded. Fige?2
clearly illustrates the increase in compressiorsguee
has its definite effect over the change of shap¢hen
rubber tread block. Analysis of the rubber blocksves
that for the same contact area and volume

geometrical shapes.

T
(0]

researches carried out on the rubber blocks that th
geometric shape has its influence over the frictamal
wear on the contact patch (Gabel and Moldenhauer,
2008). The compression and recovery of the bloadeun
the dynamic condition includes a fatigue in theckko It

has been found in the experimental work the circaial
square shaped blocks uniformly bulges outward fier t
applied normal force and the shape change also

lat 1ot + 8progressively increases on increasing the magnibofde
distinguished  performance under the dynamic the force as shown in tieig. 2. In the case of the other
compression test carried out in the laboratory.il&m

test was also extended to the rubber block of otherconcave edged blocks the bulging arise in a distatged

geometrical shaped rubber blocks i.e., the convak a

way and further studies are carried out.

Fig. 3. Deformation pattern of cylindrical rubber block @ndhear force

P =0 bar P=1bar P =2 bar

P=0bar P=1 bar P=2bar

P =3 bar P =4 bar

P=3bar P=4bar

Fig. 4. Un-deformed and deformed images of cylindricabertblock for applied compressive/Shear force gbua strain levels
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On the compression of cylindrical rubber block it above figure depicts a distinguished variation he t
is observed that the reduction in height h of theck change in bulge area for the same magnitude of
is progressively decreased by increasing the normabpplied compressive/shear force and a nonlinear
load F which is proportional to the increase in deformation behavior.
diameter. The barreling effect of the rubber black
compression was proportional to the normal force an 3. RESULTSAND DISCUSSION
the barrel diameter increased significantly for the
applied compressive load. The studies have been  For tires, high friction levels are needed to julev
extended for the shear force by changing the sefup 504 directional control for vehicles. The dynamic
the force has been applied to the piston by i  jyieraction between the tyre and road is very cesmpo

metrtiquwhed agglﬁ n thehsetup.dlfc ?astbee.r;“plaslerv understand. The tread block is the only tyre corepbn
atthe shear behavior shows a distinct variatiom fthat is in direct contact with road surface. Duethe

the compression behavior for the same magnitude OroIIing motion of tyres, the contact of individuakad

applied force. The friction behavior of the rubber block has it anifi . tact S
tends the block to shear out from inward to outward 2 0ck "as IS OWn significance in contact even Y
conducting compressive/shear studies on the trisak b

direction of the applied force creating an unsynrioat M= ! )
barreling effect. It could have been inferred frane  @nd understanding its diverse change in shape wimild

Fig. 3 shown below that the compression and shearVital for optimized tyre design. THeig. 5 and 6 depicts
behavior shows a distinct variation in shape chasfge the change in central bulge area as the function of
regular axi-symmetric cylindrical block. In case of contact pressure under the normal compressive/shear
the shear load, the expansion of the block begapém load. The deformation behavior was found to be
widely towards the outer edge including more distinguished for the same contact area and same
distortion in the direction of applied force andeth magnitude of applied force. It has also been iefthat
corresponding shape change has been shown in ththe shape change was comparatively large than the
Fig. 3. The investigations have been proven that thenormal load and the barreling effect was also not
compressive/shear viscoelastic response of theerubb symmetric and thus shear force creates a distihgdis
materials shows a distinct nonlinear deformation in pehavior in the rubber blocks on its applicationhas
application. One could have been easily understantheen observed that for a rubber block under a Ishgar

the linear elastic properties and its behavior be t force showed a barreling on the direction oppdsitthe
V|scoellast|c material under static cond|t|o_n.s thie _ applied force. Thus the rolling tyre phenomenomize
dynamic response have not been clarified which oo hjicated to understand this analysis carried ant

includes both the compressive and shear a<_:tion. Sgeometrical shape change of the tread blocks wbeld
the tread block suffers by both compressmn/shearmore effective in tyre design

forces in on-road conditions, their study should be The circular shaped blocks uniformly bulges

approached by considering both the forces. The .
cylindrical rubber block shows comparatively a karg outward for the apphgd no_rmal force ar_ld the _shape
change also progressively increased on increasiag t

deformation and increase in area for the same g ¢ ; : q h h
magnitude of shear forces than the compressiveeforc Magnitude of compressive force. Under the shear
force of same magnitude the block shear out from

In many Engineering applications such bridge ' ; . i
bearings, tyre tread blocks, dampers, mountingsh bo mwar_d to outward d|r(_ect|on for_the applied force
component of compressive/shear force has its owrcreating an unsymmetrical barreling effect. Thus th
effects. Thus the study of shape change to theieappl rolling motion of the tyre creates a dynamic stress
load would enhance the knowledge of designer toOver the tread block and its shape parameter studie
optimize the necessary function of the rubber would improve the designer for optimizing its
components. In complete absence of slippage, sareds performance. Furthermore, this procedure was agplie
strain are not uniform throughout the test piecel an for complicated block shapes and was verified to
barreling takes place on compression. The imagélseof optimize the tyre design. The image processing
circular shaped rubber blocks under the experimental setup with all accessories has been
compressive/shear force are shown in Fg. 4. The presented in thEig. 7.
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Fig. 5. Change in bulge area as the function of appliesspre load for the circular shaped rubber blockieucompressive/shear forces
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Fig. 6. Change in bulge area as the function of appliedgure load for the Square shaped rubber blocles anthpressive/shear forces
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