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INTRODUCTION

1. Material and geometrical parameters

are necessary as input data for tire

computational models for stress-strain

analysis, modal analysis etc.

2. The test data of composites are

used as the verification parameters for

the comparison of simulation outputs

with test results.
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The research work deals with computational simulation of
basic and specific tests of polymer composites with textile
and steel cords, which are used as reinforcement for the
composites.

The aims of this research work are:
1). Design of computational models which can be used for
simulation of tests of composites based on experimental
data which were obtained by test machine with video-
extensometer and temperature chamber.
2). Design of computational models of tires.
3). Design of methods for specific cyclic testing of composites.

RESEARCH AIMS
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COMPUTATIONAL MODELING (analyses: stress-

strain, modal, temperature field, combine, dynamic) 

via FEA program ANSYS

✓ EXPERIMENTS OF MATERIAL PARAMETERS

✓ EXPERIMENTS OF TIRES ON „ADHESOR“

✓ PRESSURE FOOTPRINT ANALYSES

VERIFICATION APPROACH TO COMPUTATIONAL 

MODEL OF RADIAL TIRE

APPROACH
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1) 165/70 R13

2)

175/65 R15 3)

4)

TIRE STRUCTURE
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Steel-cords can be in form of thin wire or wire strand with 

different constructions

Tire for passenger car Truck tire
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Tire cord types (by MATADOR Púchov and producer e.g. DRÔTOVŇA Hlohovec, BEKAERT):

➢ HT high tensile,

➢ NT normal tensile,

➢ HE HIGH ELONGATION CORD = e.g. 3x7x0,22 HE (= 3x7x0,22 SS)

– overlap belt with angle 0°. Elongation up to 7.5 %. Expensive

production.

Modern cords: hybrid with polymer inside, carbon C 0,60-1,15%, manganate Mn 0,10-1,10%, silicon

Si max. 0,90% + Cr, Ni, Cu, Co, V.
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Thickness of layers t [mm]

Diameter of cords D [mm]

Construction of steel-cords

Number of steel-cords per 

decimeter width of one steel-cord 

belt layer (plumb on cords) [10cm-1]

(EPDM) ……

PHOTOGRAPHS 

ANALYSES

The image analysis is applied for

obtaining the information about

geometric parameters of cords such

as distances between cords, ply

thickness, cord diameters, etc.
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Structure of 

GEOMETRY in 

the tire-crown 

Thickness of layers t [mm]

Diameter of cords D [mm]

Construction of steel-cords

Number of steel-cords per decimeter width 

of one steel-cord belt layer (plumb on cords) 

[10cm-1] (EPDM) ……

Data about cross-sections,

construction-reinforcing plies, etc.

are a necessary input for the creation

of computational models of tires.
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textile cord

steel cord

MICROSCOPY 

OBSERVATION

15/43 15



TRUCK radial tire – structure of belts of 

tire crown

Matador 22.5”

205/55 R16
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Truck tire casings or agricultural tire 
casings have different structures

five layers in the middle of tire crown
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The cords have complicated constructions, 

cord details from the microscopic observation



For computational modeling of parts of tire casings and tires, the

material parameters of matrixes and reinforcements are

necessary as input data for the computational model and the

experimental data of composite structures can be used as the

verification criteria for the comparison of computational outputs

with test results. Therefore, the results from tests of parts of

tires are important.

EXPERIMENTS
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EXPERIMENTS OF PART OF TIRE CASING

The tire casing was cut by water jet 

cutter in longitudinal and transverse 

direction in order to obtain the 

specimens from the whole under-

tread reinforcing area of the casing. 

The specimens were prepared with 

different width and it was 10, 15 and 

20 mm. 
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steel cord belt ply of tire
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The samples must have different: 

- Angle of cord (with respect of the direction of 
loading – not only longitudinal and transverse 
orientated samples); 

- Material of cord (surface treatment); 

- Form of cord (wire, thin wire); 

- Number of layers (single-layer, two-layer, multi-
layer); 

- Specimen width, shape etc. 
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Specimen width Modulus of elasticity 

[MPa] 10 mm 15 mm 20 mm 

Longitudinally 
1
 380 400 285 

Transverse 
1
 200 205  185 
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n

 

Radial 
2
 90-110 for longitudinally specimens  

 1 modules of elasticity from tensile tests 
 2 modules of elasticity from bend tests 

MODULES OF ELASTICITY
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TENSILE TESTS: The specific initial conditions of uniaxial static tensile tests are the speed of loading

10 mm/min and the initial length of specimen 80 mm between the clamps of the test machine. 

BEND TESTS: The distance between outside points = 50 mm. The loading speed = 5 mm/min. 

245/40 R18



krmela.wz.cz
http://krmela.wz.cz/krmela_textbook_tire.pdf
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MATERIAL 

PARAMETERS

MATRIX

2
5
±
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±
0
,4

R
25
±
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R
14
±
0,
5

115

80±5

33±2

25±1b

or Mooney-Rivlin from hardness - excel tables and word

             Table: Mooney-Rivlin parameters for elastomer parts 

Mooney-Rivlin parameters C10 
[MPa] 

C01  
[MPa] 

d  
[MPa-1] 

 Tread 0.417 0.519 0.103 

 Inner liner 0.109 0.259 0.206 

 Bead elastomer 0.692 0.371 0.267 

 Sidewall with a tread side edge 0.532 0.065 0.138 

 Bead bundle -0.111  1.945 0.088 

 Elastomer drift for a steel-cord belt 0.638 0.284 0.151 

 Elastomer drift for a textile carcass 0.328 0.119 0.101 

 Elastomer drift for a textile cap 0.548 0.112 0.056 
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It is necessary to deal with cyclic tensile tests of long-fiber composites

with textile and steel reinforcement together as tire casings.

The tests of cyclic loading of polymer composites are requested

for the verification analyses between tests and computational

modeling of tires.

The geometric parameters of specimens are a length of 195 mm, a

width of 35 mm, initial length between clamps of a test machine

100 mm and a thickness of the specimen of 1.05 mm.
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SPECIFIC CYCLE LOADING TESTS



Testing machine: Autograph AG-X plus 5 kN – Shimadzu with 

a video-extensometer
Control mode of TrapenziumX software.
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with a hybrid temperature-humidity chamber !

from -60 to 180°C,

range from 20 to 80 °C =

change the humidity from 

30 to 95 %.
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1. Step – CALIBRATION proces of extensometer before tests 29
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2. Step - Design of SPECIMENS 

of composite

3. Step - Design of METHOD for 

cyclic loading test 
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Five cycle loops are applied. Every cycle loop consists of five cycles.

Every cycle is defined as loading to a certain percentage of elongation

between clamps of a test machine and unloading to a certain percentage of

elongation between clamps of a test machine.

true stress on elongation between 

points for a video-extensometer



„DYNAMIC ADHESOR“

Radial loading max 0.5 t

Max. velocity 180 km/h

Drum diameter

1705 mm

DYNAMIC TESTS OF TIRES

35

The tire test data results from the static and
dynamic test machines such as contact
footprints and radial stiffness are evaluated.



It is necessary to quickly create computational

models with the required cord geometry parameters,

the computational models for strain-stress analyses

were created using APDL (ANSYS Graphical User

Interface) procedures for the automatic creation of

models from geometric parameters such as a cord

diameter, cord distance and one-layer thickness, width

and length of the layer and material parameters.

4 / 16

COMPUTATIONAL MODELING
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8 / 16

The APDL procedure includes parameterization with the following parameters:

*cset,1,3,Distance,'Distance between cord [mm] ',1.04 !for steel-cord

*cset,4,6,Diameter,'Cord diameter [mm]',0.60 !for steel-cord

*cset,7,9,Thickness,'Thickness of layer [mm]',0.95 !for steel-cord

*cset,10,12,Width,'Width of layer [mm]',20

*cset,13,15,Lengh,'Lengh of layer [mm]',20

*cset,16,18,Angle,'Cord angle [degree]',0

*cset,19,21,E,'Modul of elasticity of cord [GPa] ',190 !for steel-cord

*cset,22,24,PR,'Poisson ratio [-]',0.30 !for steel-cord

The APDL procedure includes the computation of rubber moduli based on M-R

parameters which can be entered directly or are determined on the basis of data

from a tensile test:

D = (2*(1-2*PR_E))/(CONST1(1)*(5*PR_E-2)+CONST1(2)*(11*PR_E-5)) !parameter of

incompressibility

TB,HYPE,2,1,2,MOON

TBDATA,,CONST1(1),CONST1(2),D,,, !parameters are in MPa;

E_E = 6*(CONST1(1)+CONST1(2)) !modul of elasticity

G_E = 2*(CONST1(1)+CONST1(2)) !shear modul

K_E = 2/D !volume modulus

…… over 1000 code lines 37



  

       

The computational model with a steel-cord diameter of 0.60 mm and a textile-cord diameter of 0.40 
mm (down) with details of meshing. 38

The models are 

reverse loaded, the 

displacement in z-axis 

is defined and the sum 

reaction forces at the 

area of steel edges 

(using these edges, 

the specimen will be 

clamped in the jaws of 

the testing machine) is 

searched. 

Solid 186, Mixed U/P



 

Sum displacement – computational model with steel-cord “2+2”. 

 

Sigma1 – computational model with steel-cord “2+2”. 

 
 

Force [N] 

Displacement [mm] 

F = 2866 N for deformation of 2.5 mm.
Sigma1 = 12.8 MPa for deformation of 4.2 mm.

steel-cord with diameter 0.6 mm
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Figure 7. Sum displacement – computational model with PA66 cord “2+2”. 

 

Figure 8. Sigma1 – computational model with PA66 cord “2+2”. 

 

Force [N] 

Displacement [mm] 

PA66 cord with a diameter 0.4 mm

F = 1753 N for deformation of 2.5 mm.

Sigma1 = 8.3 MPa for deformation of 2.5 mm.

The difference in forces between the 

steel cord and textile PA66 cord is about 

61 %. 
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Nonsymmetrical

Symmetrical

One-layer / Two-layer

Tensile

Bend
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Symmetrical two-layer ±23°

cord stress [MPa]

One-layer 23°

stress [MPa]

• cord stress

• matrix stress

TENSILE

42



Different descriptions of composite structure parts into tire 

computational models
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Fourth part of model:

36 000 elements

155 000 nodes
44



ANSYS
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CONCLUSIONS

The results from tests and computational modeling of POLYMER

COMPOSITES provide better understanding of the mechanical

properties under static and specific loading.

Next computational models will be created for

combination load states and for simulation

of multi-axis load.
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NEXT RESEARCH: 

Composites
Arcan + cycles + 

temperature
EXPERIMENT 

COMPUTATIONAL 
SIMULATIONS

...







🌞 Thank you for your attention🙂


