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A Study on the Curing Bladder Shaping of Tire by FEM
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ABSTRACT

In curing process of tire, contact and slip occurs between green tire and curing bladder. The
curing process is a critical step in the manufacture of tires. In this investigation, curing
bladder shaping is examined using a finite element method. Specifically, a finite element model
between the inner part of green tire and the outer part of curing bladder is generated using
contact element and curing bladder is generated using incompressible element, The
experimental tensile tests are used to get the material properties of bladder rubber on practical
conditions. Numerical analyses are performed on two different bladder types, different overall
outer diameters of curing bladder and different heights of curing bladder.
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Fig. 1 Assemblage of green tire and mold before curing bladder inflation
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Table 1 Material properties and material model of tire and curing bladder

Curing bladder | Cured tire Tire mold
Material model Mooney-Rivlin | Linear elastic | Linear elastic
Elastic modulus (psi) 186 26.0 E06 26.0 E06
Poisson’s ratio 05 03 0.3 '
. Cie = 31.0
Constant (psi) Ca =80
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Table 2 Finite element model size

Cylinderical | Toroidal | Feduced | Added | o ced | Added
Model overall overall . .
model model . . height hieght
dia. dia.
Nodes 384 369 349 399 344 394
Elements 86 83 79 89 78 88
D.OF. 1030 985 925 1075 910 1060
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Fig. 2 Finite element model of assemblage of curing bladder and cured tire and mold

Fig. 3 Finite element model for cylinderical Fig. 4 Finite element model for overall
bladder type and toroidal bladder type diameter variation of curing bladder
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Fig. 5 Finite element model for reduced and Fig. 6 Finite element model for bladder
added height of curing bladder gage variation
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(a) (b)
Fig. 7 Results of curing bladder shaping. (a) cylinderical type of curing bladder, (b) toroidal
type of curing bladder
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(a) (b)
Fig. 8 Results of curing bladder shaping. (a) added overall outer diameter of curing
bladder, (b) reduced overall outer diameter of curing bladder

Original Shape

(a) (b)
Fig. 9 Results of curing bladder shaping. (a) added height of curing bladder, (b) reduced
height of curing bladder
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CONTACT PRESSURE DISTRIBUTION
(CYUINDERICAL AND TOROIDAL MODELS)
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Fig. 10 Results of contact pressure distribution for cylinderical model and toroidal model

CONTACT PRESSURE DISTRIBUTION
(OVERALL DIAMETER VARIATION MODELS)

.4
o

-~
(=]

J AN )

yi
Ve
e
o
N
J.
/

o
o

o
..

N W s ®
o
f

(=]

CONTACT PRESSURE(PSY)

-
(=

o/t s (me]T By

o

POSITION FROM CENTER
[—-— 0D UP(+20%) = 0D DOWN(-20%) }

Fig. 11 Results of contact pressure distribution for overall diameter variation model
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CONTACT PRESSURE DISTRIBUTION
(HEIGHT VARIATION MODELS)
80
§70
60 T
g“’ T \)\1{)/\"" « 2
3 W Eh Y T
& 40 e kS £ w L
g 30 L4
£ 20
z
r
N RN e PR
o i

_ POSITION FROM CENTER
[-— HEIGHT UP(+20%) =~ HEIGHT DOWN(—20%) ]

Fig. 12 Results of contact pressure distribution for height variation model
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