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Body and Belt Properties

&
Body Ply Belt Ply
Cord
Material polyester steel
Construction 1000/ 2 5X1X0.25mm
Ends / dm 102 79
Young’s modulus, E. 40.51x10° 738.8x10°
(kg / cnt)
Rubber
Young's modulus, E sy 56. 1 102.0
(kg / cni)
Ply .
Thickness, (mm) 1.78 1. 45
Volume fraction 0. 149 0. 135
Engineering Constants
E, (kg /o) 6.04 % 10° ©99. 74X 10°
E, (kg / cn) 74.8 136.0
Gz (kg / cnf) 18. 83 34,23
Vig 0.5 0.5
E2 Typical Rubber Properties olth, (6)% (4) 4l 'fﬁkﬂfd
Rubber Ty | Poisson e Ey=Ey+ (E,—E,;) (1—cos a) (1—sin §)
Cap Tread 52.0 0.49 ‘E;=E,+(E\—E,) (1—cos a) (1—cos 8)
Innerliner 48.0 0.49 Ey=E,+ (E,~E,) (1—sin a)
Sidewall 63.0 0.49 7)
Beadfiller 96. 8 0.49
Gum toe strip 95.6 0.49
2 Ev} BE FEOR v, vy, Vo T MEAI
Er=E,+ (E\—E,) - fr(a, B) a, B2 Fpshd
E,=E,+(E.—E,) fola, B) (4)
Ey=E,+(E,—E,) - fo(a, B) Var= v, [1—(1—E./E,)-sina-cos 8)
2 S} Vor=v1,[1—(1—Es/E,)-sin a-cos 8)
AN fo fo for o, B O ERLolM, 2ok Vor= via(1— (1—Eo/E;) sina-(1—cos f))
031 14b019) k& Pl ®
0=/r, fo, Jo=1 (5)
Eaoldsh ol o b &% 0% w0
f %ﬁ‘*; S7PA WRlE RISFES S S S (7), (8)1 FA R BMEE Y poisson k3
® Rt Sol BAHE o, B ol sheb BLIE WES 2
fe(e, B)=(1—cos a) (1—sin B) i.) 4o vebiglel, 53] (a)oll Aok 2] HE
fe(a, B)=(1—cos a) (1—cos B) (6) Ji19] Eoe Eholofsh iiliRgol 7 wlEoll g ol
fo(a, B)=1—sina AT & 4 ok
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(718! 4) Equivalent elastic constants of cord-rubber composite,
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B WE -

l start l

Read input geometry, material properties,

~and prescribed displacement.

NO
Data check\

Transform inflation pressure

into equivalent nodal forces

Print error list

Loop=first element,

last element

Form element stiffness

and stress matrices

END

Assemble overall stiffness matrices

Solve the equations and calculate
stress and strain

Print final deformed shape

END

(712! 5) Flow chart for a finite element method
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(712l 6) Isoparametric element grid with 508
nodes and 142 elements for a 165SR 13

steel belied radial tire with a polyester
carcass,
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(12! 7] Predicted and measured inflation
profile of the 165SR13 tire at 24 psi.
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(2121 8) Cord load distribution in 165SR13 tire
at 24 psi inflation pressure,
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(B 5%

72,0 ; Radial, axial, and circumferential global
coordinates
E.E, ; Longitudinal and transverse Young's

modulus, respectively
Ec,Ery ; Young’s moduli of cord and rubber,
respectively
E. E. Eo; Young’s moduli in radial, axial, and
circumferential directions, respectively
Gry 3 Shear modulus of rubber
Ve ; Volume fraction of cord in calendered ply
v;; ; Poisson’s ratio for transverse strain
in the j-direction when stressed in
the i-direction
a ;cord angle to the circumferential
direction
£ ;cord angle to the radial direction
{N] ; Shape function
[B] ; Strain matrix
(D) ; Elasticity matrix
[K®); Stiffness matrix of an element
{0} ; Displacement vector
{e} ; Strain vector





