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Abstract first one is the deformable part (rubber block)d ahe

. o , L second one is the frictional rigid flat plate a®wsh in
The mechanics of a tire in contact with a fricbn figure 1)(b).

flat or curved surface is importance to the undeding
of road/vehicle load transfer characteristics. Scmhtact
takes place between the road and the tread blddkes
It is necessary to understand the responses & tiiesks Rubber block
to contact forces. This work considers the tireadre
model as rectangular block in contact with a faotl flat
surface on the top face. The contact pressurddslated
for wide range of coefficient of friction and stickslip 4
phenomenon is predicted as a function of coefficihn

friction. /(\
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1. Introduction (@ [1]

The mechanics of a tire in contact with a fricabn
flat or curved surface is importance to the undeming Loading Boundary
of road/vehicle load transfer characteristics. Scmhtact condition
takes place between the road and the tread blddikes
It is necessary to understand the responses & thesks
to contact forces. The stick and the slip are irgour
phenomenon which occurs at the contact region. The 4 o \
classification of stick and slip phenomenon is jpsed b= d Y
for this work. we considers the simple model of tiread /L/X
as rectangular block in contact with a fixed factal flat Friction flat plate
surface on the top face as shown in figure 1)(H)e T
loading is from the bottom face. The rubber is nledeas ] o (b)
stress is calculated for a wide range of coeffiseof o ) ]
friction and the stick-slip phenomenon is predicteda  The significant phenomenons for this work are stickl

function of coefficient of friction. slip status on the tire tread contact surface, sconsider
only the surface element. Element type number 84 is
2 Finite dement mode taken to be used with 60 elements. It is three dsimnal

brick element, first-order isoparametric element

Finite element method is widely used in solving(arbitrarily distorted brick) with mixed formulatio[5].
engineering problems. Contacting between tire drel t The rubber block is compressed in the Z directiamf
road at static situation can be modeled by comtgcti the bottom surface nodes by the displacement Igadin
between tread of tire and frictional flat plate. €Th curve as shown the figure 3). The boundary conuitio
dimensions of the tread block are 1.0, 0.8, andri@Bin  are divided in two parts. For the first one, thdher
the X, Y and Z directions, respectively [see figd)éa)]. block is fixed in the Z direction on the top facedathe
For this study the problem is divided in two patts
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second one, the bottom face of block is fixed & ¥hand
Y directions as shown in the figure 1) (b).

Coulomb friction law, to be used for this workndae
characterized by:

lo ]| < o, (stick)
o, =-uo, -t (slip)
where o, is the tangential (friction) stress,

is the normal stress,
is the friction coefficient, and,

(1)
)

and

o

)i
t is the tangential vector in the direction of the

n

relative velocity : t = in which ¥, is the relative

Y
vl
sliding velocity.

Similarly, the Coulomb friction model can also betien
in terms of the nodal forces instead of stres®bms:
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W =W(l + Il + 1)
W =Cyo(l =3)+ Cp, (11 =3)+ K(111 =2)*  (5)
wherel , Il and Ill are the three invariants of the Green-

Lagrange strain tensor.
C,.,C,, are Mooney-Rivlin constants, and,

K is the bulk modulus.
These invariants can be expressed in terms of the
three principal stretch ratios,, X, and X, as follows:

| = X7+ X2+ XZ
Il = X2XZ+ XIXZ+ X2X?2
= X2X2ZX2
For incompressible materials, we havél =1. The

material properties used for numerical work are
C,p=100ps , Cy; =20 ps , and K =30,000 psi [1].

4. Contact stressdeter mination

Element type 84 to be used in this work is theghre

dimensional brick type element with nine-node, tigh
nodes in the corner of element and one is locatetiea
center of the element as shown in figure 2). Thetamt

stress at the contacting surface can be calculbted

averaging the nodal normal stresses at the fourecasf
individual surface element face.

5. Finite element results

Due to symmetry, the finite element model used for

the present work is considered only half of thefame
elements as shown in figure 4). Two important pofor
this study are contact pressure distribution ardetifiect
of friction on the contact status (stick and slip
phenomenon) on the rubber block face.

For the frictionless condition, the contact stress

distributions increases with increasing of the lewé

axial compressive strain are as shown in figuréappand

|f] < uf, (stick) ®)
and fo =—uf, -t (slip) 4)
where f, is the tangential (friction) force
f, is the normal force
Figure 2. Elements 84 with 9 nodes
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Figure3. Displacement loading curve

3. Material properties

In the present work the Mooney-Rivlin type of
rubber material model has been modified for nearly
incompressible materials. For such materials, thains
energy functionV takes the following form:

(b). It can be seen that the contact pressure aseseas
one move toward the center of the contacting sarfac
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Figure 4. The surface element consideration on the

rubber block
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Figure 5. Frictionless contact pressure at various
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6. Contact pressure at various coefficients
of friction at 5% compression
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(a) For element1to 5
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(b) For element 6 to 10
Figure 7. Contact pressure at various coefficients
of friction at 10% compression

The effects of friction on contact pressure at laxia
compressive strain of 5% and 10% are as shown in
figures 6) and 7), respectively. The contact pnessu
increases with increasing of friction coefficierp to a
value ofu = 0.6. The magnitudes of the contact pressures
remain unchanged with > 0.6 for the present loading
condition. This implies that, at this coefficierftfdction
and above, the contact is maintained without aippage
during the course of increasing compressive strain.

The contact forces induced by contacting of rubber
block and friction plate are normal and tangerftiation
forces, which can be used to describe the stigk-sli
phenomenon in the contacting region. From the
simulation results of the problem by using finitereent
program, MSC MARC 2005, it can be analyzed theitleta
of stick and slip phenomenon by using equationaf®)

(4), respectively. For this present work, the ¢tod of
stick in equation (3), we defined the new symbaltfee
left hand side of equation ak; which is the part of
tangential friction forces and the right hand side
ask, ¢, which is the part calculated from the contact

normal forces. So the new condition for stick cam b
changed to as in equation (5).

Fi < Fica. (stick) 5)

Similarly, the condition of slip can be defined by
comparingF, and F, o, as shown in equation (6).

F =Fica. (slip) (6)



The stick and slip conditions can be classifigd b
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FEM model consists of 60 brick element type nun@er

comparison of th& curve and thé g, curve, which Wwith 9 nodes using Herrman formulation.

contact satisfy by equation (5), that contact ctowliis
stick, and if any contact satisfy by equation (Batt
contact condition is slip. According to the finiéement
results, the slip condition can be found by congmariof
theF, curve and theFR ., curve, that is coincides for the

same axial compressive strain as in equation (@) .le
stick condition, thé~ curve must be lined in lower level

than theF, o, curve as in equation (5).

At the friction coefficienty = 0.2, [figure 8) (a)]
theF, curve coincides the,, curve, that can be

classified the contact condition is only slip, ahd figure

8) (b) it also slip for 5% compressive stain, butew the
compressive strain increase to 10%, 15%, and 20@o, t
contact condition is stick, it occur at the intdmreggion of
rubber block. We called this phenomenon as partiall
stick. It is the same for the friction coefficiept= 0.4.
When the friction coefficient equal to 0.6, 0.8daho,
the contact conditions is only stick, that we dlkhe
perfectly stick, as shown in figure 9) (a) and (b).

Frand Fcq, (Ib)
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(b) For element 6 to 10
Figure 9. The comparison of contact friction forces
with respect to the calculatediob
contact friction force with = 0.6

Results from the FEM simulations can be
summarized as follow :

(a) For element 1to 5 6.1 The contact pressure gradient increases with
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Element
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—— Ft Cal. at 15% compressive straim— Ft Cal. at 20% compressive strain
o-- Ft at 5% compressive strain ©- Ft at 10% compressive strain

-+ Ft at 15% compressive strain -2~ Ft at 20% compressive strain

(b) For element 6 to 10
Figure 8. The comparison of contact friction forces
with respect to the calculatedi@mb
contact friction force with = 0.2

6. Conclusions

increasing level of the compressive strain.

6.2 The coefficient of friction is the cause of
changing of the stick and slip phenomenon. Thee stét
slip phenomenon can be changed to the state &f Isyic
increasing of the coefficient of friction.

6.3 At the friction coefficient ofu = 0.6 is the
starting point of perfect stick.

6.4 The stick and slip conditions can be classifie
by comparison of thE, curve and thé& -, curve, using
of equations (5) and (6).

6.5 The stick phenomenon occurs at the inner gart o
contact region and the slip occurs at the outet par

contact region at various friction coefficients egt atu
=0.0.
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