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ABSTRACT

A key stage in the rubber tire manufacturing predeshe moulding. Layers of rubber are assemioled i
order to make the unvulcanised tire: some of thegers are reinforced with fabric cords or wiredsor
The unvulcanised tire is then placed into a cunmamld, where inflation and heat are applied in orde
to give the final shape to the tire, including ttead patterns and markings. During inflation,rédative
orientation of reinforcement sets of cords or wokanges. This is usually referred to as pantognaph
and it may affect the end-use properties of tlee liris therefore important to get a picture @& plossible
changes of orientation of reinforcement sets durifigtion.

Describing the individual components of reinforcaimsets would probably be too complex. A
macroscopic model after the fashion of orthotrogiesticity is more reasonable [1]. Reinforcement
wires oriented along a given direction confer ahatropic property to the compound: the compound
exhibits a specific strength along the directiomhotropy. From this physical consideration, caa
easily develop a constitutive model where the doution of the reinforcement cords or wires is
superimposed to the (isotropic) contribution of ceenpound [2].

Let us consider the manufacturing of a rubberuih®se shape will be given by the mould shown in
Fig. 1(a). At the beginning, the carcass and aeuldyer are in a cylindrical configuration as séen
Fig. 1(b); reinforcements along the axial directtva embedded into the carcass. Axial displacemmsent
imposed at the edges of the cylinder in order taiala torus, as shown in Fig. 1(c). Subsequetvtiy,
reinforcement belts and tread are placed on thest@s shown Fig. 1(d). Reinforcement in the belts
have an initial orientation of +40 and -40 degnegh respect to the symmetry plane of the tirecipig
both reinforcements belts on the torus already igges a preliminary pantographing.

The unfinished tire is now placed into the mouldffoal inflation and curing. A pressure is applied
order to guarantee a good contact between thartdehe mould, so that the tread markings are pisope
shaped. Although overall deformations producedheyinflation pressure remain moderate, they can
locally be significant. In particular, this concerthe reinforcement belts, whose reinforcement
directions can vary. After inflation, one can ewfithe amount of pantographing by considering the
scalar product between the reinforcement oriemiatiof both belts. In Fig. 1(e), we display the
distribution of angle between both reinforcememts.sAs can be seen, the local distribution ranges
from 52 to 64 degrees, and to some extend it tstaks finger print of the required tread patterns.

Fig. 1. Simulation of tire manufacturing: mould,(&litial preparation of the carcass and side w@l)sdeformed
torus after axial motion of the edges (c), unfieidhire after placement of reinforcement belts tadd (d), tire
after moulding and pantographing or local distributof relative angle between cords of reinforceniesits (e).
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