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Abstract 

The fiber pre-tension method was used to improve the tyre bead ply mechanical properties by applying 

stresses range between (0-1250 MPa) on each single wire in the specimen. The following results were a 

comparison between specimens with pre-stressed wires by tension of (1250 MPa) and with non-pre-

stressed wires. The results show that the tensile strength and maximum tensile strain of bead specimens 

increased by (60.87 %) and (23.6%) respectively. The stress strain curves for specimens show a high 

increase in strength as compared to a little increase in strain. The modulus of elasticity (Young's Modulus) 

of bead specimens increased by (54.125 %). Also, the results show that the Fatigue life of bead specimens 

increase by rise Number of cycles by (93.4%). The numerical part is implemented using a (FEM) built on 

ABAQUS software to examine the influence of passenger tyre modification of bead on dynamic behavior 

of the tyre. The influences of various pre-stresses levels were applying in model to investigation the rolling 

and sliding condition. The result showed (von mises, Max. principal stress and Tresca) was increase with 

increasing pre-stresses while (Min. principal stress and pressure) was decrease with increase pre-stresses. 

Copyright © 2019 International Energy and Environment Foundation - All rights reserved. 
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1. Introduction 

Elastomers (natural and synthetic rubber) are shapeless polymers, different component are added and got 

compost. These materials are -changed to rubber after heating and vulcanization, due to their viscoelastic 

behavior. Beneath shear and compressive deformation, it has high strength, but, a failure hardly occurs due 

to fatigue when exposed to mechanical load [1]. Elastomers is perfect substance for a lot of engineering 

applications because it has capacity to resist extremely big strains without everlasting disfigurement or 

break. Elastomeric substances are used in a lot of engineering application such as tyres, belts and springs 

in this work will take tyre [2]. Today, Radial tires are seen in nearly every traveler car and lorry with spoil 

involve better steering, longer life and less rolling resistance [3]. Rubber elastomers are typically reinforced 

with fiber to enhance tensile strength as well as improve their fatigue life. 

Extensive study and review can be found in the literature review on different composite materials. C. J. 

Liu et al. [4] investigated the advance of the bead wires covering in wagon tyre by change the rubber 

multiple, decrease in the bead wires shielded plasters, right addition in the carbon black quantity. They 

result that the mechanical properties of bead wires covering were improved. Palit et al. [5] examination 
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bead wire disappointment throughout tire manufacture process. Several new metallographic methods have 

been used for enlarged examination. The results display that the wires disappointment is make happen by 

the creation of white shallow coating. Z. Chi and T. W. Chou [6] investigated the influence of Pre-tension 

movable carbon fibers. They use pre- winding to apply stresses on carbon fibers. The results displayed that 

the strength of the complex was enhanced because pre-winding the carbon threads at stated pre-tension 

level preceding to the compound industrial. J. Scherf and H. D. Wagner [7] shaped a single fiber compound 

and after that investigated the effect of fiber pre-tension on mechanical properties of the composite single 

stuff. The results display that the fragmental strength will rise as pre-stressing rise throughout tensile test. 

They also note a raise in shear stress at the complex interphase because the rising of pre-stressing level. A. 

S. Yaser [8] created a composite material built from E-glass fibers and epoxy resin matrix. previous stresses 

values from (2-20 MPa) were practical to the fibers. To study the stationary and dynamic conduct of this 

compound and the mechanical properties were study. He concluded important a raise in the mechanical 

properties because the previous stresses values increasing. L.H. Schlichting et al. [9] worked an 

examination to estimate the winding properties of two compounds created from E-glass fibers and to 

various kinds of matrix resins. They note that the previous stresses of the unidirectional E-glass fibers will 

enlarge the deflection throughout primary disappointment, the flexural strength and the bending stiffness 

of the two compounds and no influence on the bending modulus of the two compounds. 

In addition, the elastomer materials are classification as a composite materials compound from different 

materials to given best materials with a good materials property, can be used for tire application. Where, 

the modified of composite materials, in general, investigated from many researchers with various 

techniques to increasing the mechanical properties and characterizations for its materials.  There, due to 

modified the mechanical properties for composite materials, then, its materials application with different 

engineering application, as, vibration of plate [10-12], buckling of plate [13-15], stress analysis under static 

load [16-18], prosthetic parts [19-27], rubber application [28] and other application. In addition, the 

modified for composite materials investigation by different technique as, reinforcement with various fiber 

materials [29-32], reinforcement by powder materials [33-35], reinforcement by Nano materials [36-37], 

reinforcement by natural fiber [38, 39], and other techniques. 

This paper includes two section the first section is experimental which studying the influence of pre-stress 

of steel wires in bead ply on the fatigue life and tensile strength in Babylon Tyre and the second section is 

numerical which analysis the tyre by apply different levels of pre-stress and see the behavior of it by using 

ABAQUS program. 
 

2. Experimental work 

To investigation the influence of wire pre-stress on mechanical behavior for bead specimens, tensile and 

fatigue tests were practical to know the influence of wire pre-stress on the general properties of bead. In 

addition to the formulation steps of IK4110 rubber combination and testing of this combination with a 

number of mechanical and physical tests to stipulate its properties. It also contracts with the formulation 

of molds which will be used for bead samples formulation and the formulation of these samples. 
 

2.1 The tensile test 

A. The preparation of mold for tensile specimens 

This mold was prepared according to ASTM standards D 412. It was created of steel plate with (12 mm) 

in thickness cut by plasma and machined to final dimensions (380*280*12 mm). The cover was also made 

of steel plate cut by plasma (380*190*12mm) and machined for making grooves (6*2.5 mm) to contain 

extra rubber inside. The mold was similar to that used in tensile test of rubber compound in containing two 

cavities (150*150*3 mm), but they were different in external shape and possibility of including wires. It 

contained sixteen grooves with (2 mm) in width to hold wires inside (Figure 1). 
 

B. The Specimen preparation 

The wires were fixed in the mold and the loads as mention in Table 1 was applied on it. (70) Grams of IK 

4110 rubber mixture were put into each cavity as mention in Table 2. The mold cover was put on the mold 

and inserted together into the thermal hydraulic press under (145 °C) and the pressure was at least (3.5 

MPa, 40 ton. the specimens contained wires inside as shown in Figure 2. 
 

C. The Specimens testing 

The universal test machine that was used for test as shown in Figure 3. Three specimens were tested for 

each pre-stress level at strain rate of (10 mm/Min.). 
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2.2 Fatigue test 

A. Preparation of the mold for fatigue test specimens 

The mold was prepared to produce fatigue specimens according to ASTM standards D 813. It was created 

of steel plate with (12 mm) in thickness as exposed in Figure 4. The cover was also made of steel plate cut 

by plasma (290*210*6.5 mm). The mold contained 12 grooves with (1) mm in width to hold 12 wires 

inside and the extra rubber was flowed from it. Where, its sample manufacture dependent on the ASTM 

stander, [40-43].   
 

 
 

Figure 1. Mold for tensile test bead specimens. 

 
Table 1. The equivalent loads and the wires pre-stresses on wires. 

 

Yield strength= 1325 Mpa Wire diameter= 0.96 mm 

Yield force= 958.579 N Wire area= 0.7234 mm2 

No. Wire pre-stresses (Mpa) Load on wires (N) 

1 0 0 

2 373 270 

3 535 387 

4 741 516 

5 892 645 

6 1071 755 

7 1250 904 

 
Table 2. IK4110 rubber compound. 

 

No. Materials pphr 

1 Natural rubber SMR 20 74.2 

2 SBR 1502 25.8 

3 Reclaim 50.5 

4 Renacit 7 0.1 

5 Zinc oxide  4.3 

6 Stearic acid 3.4 

7 Carbon balick N-660 74.2 

8 Process oil 15.1 

9 6PPD 0.9 

10 TMQ 0.9 

11 MBS 0.6 

12 SULPHUR 3.8 

13 CTP-100 0.7 
 

hooks cavities groove  cover 

cover 
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(a) 

 

 
(b) 

 

Figure 2. (a, b) Type C-tensile test specimen D 412. 

 

 
 

Figure 3. Universal tensile test machine. 

 

B. The specimen’s preparation 

The specimens were rectangular in shape with dimensions of (L=150mm, w=25 mm, and t=6.35 mm) 

according to ASTM standards D813 as shown in Figure 5. A known amount of rubber compounds mention 

in Table 2 was put in mold cavity after wire fixing, applying pre-tension on wires as mention in Table 1, 

and its contents were inserted in thermal hydraulic press for 20 minutes at 170 °C. 

 

C. testing of specimens  

The machine that was used is De Mattia Flexing machine as shown in Figure 6. 
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Figure 4. Mold for fatigue test specimens. 

 

  
(a) 

 

 
(b) 

 

Figure 5. (a, b) Fatigue test specimen D 813. 

 

 
 

Figure 6. Fatigue test machine. 

cover hooks cavities   groove 
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2.3 Experimental results 

The experimental work in general using to evaluate the true behavior for mechanical characterizations for 

structure under various applied load, [44-46]. The results showed that the stress-strain curve for various 

level of pre- stress as show in Figure 7 to see the different between them, the maximum tensile strain and 

tensile strength of bead specimens increased by (23.6%) as show in Figure 8 and (60.87 %) as showed in 

Figure 9 respectively. The modulus of elasticity increased by (54.125 %) as showed in Figure 10. Also, 

the results showed that the Fatigue life of bead specimens increase by rise Number of cycles by (93.4%) 

as showed in Figure 11. 

 

 
 

Figure 7. The stress-strain curves for different pre-stress level of bead specimens. 

 

 
 

Figure 8. The relation between the pre-stress and maximum tensile strain for bead specimens. 

 

 
 

Figure 9. The relation between the pre-stress and maximum tensile strength for bead. 
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Figure 10. The relation between pre-stress level and Modulus of elasticity. 

 

 

 
 

Figure 11. The relation between pre-stress level and Number of cycle of specimens. 

 

3. Numerical work 

The numerical technique in general using for evaluating approximate results for mechanical behavior under 

different applied load, [47-49]. This section will be achieved by use finite element program (ABAQUS) to 

analysis the tyre size of 175 R 14 in different levels of pre-stress and without pre-stress and see behaviors 

of its. The layers of tyre shows in Figure 12, the element uses in this model show in Figure 13, the static 

boundary condition shows in Figure 14, Simulate the tyre dynamic behavior under traction rolling process 

at traveling speed of 80 km/h and Simulate the tire slipping effects at 2o slip angle. Where, the number of 

elements must be selecting by using mesh generation for results to given best element number to evaluate 

the best results for problem, [50-52].  

This model was used for all of the tyre pre-stress under investigation. A pre-stress levels (0, 373, 535, 741, 

892, 1071, 1250 MPa) were investigated to see the different in behaviors of zero pre-stress and others 

levels. The results show (von mises, Max. principal stress and Tresca) was increase with increasing pre-

stresses as showed in Figures (15-17) while (Min. principal stress and pressure) was decrease with increase 

pre-stresses as showed in Figures 18 and 19. 
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Figure 12. Layers of tyre. 

 

 
 

Figure 13. Element types used in axisymmetric model. 
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Figure 14. Static boundary condition. 

 

 
 

Figure 15. Effect of pre-stress on Von mises along the path of bead. 
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Figure 16. Effect of pre-stress on Maximum principal stress along the path of bead. 

 

 
 

Figure 17. Effect of pre-stress on Tresca along the path of bead. 

 

 
 

Figure 18. Effect of pre-stress on Minimum principal stress along the path of bead. 
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Figure 19. Effect of pre-stress on pressure along the path of bead. 

 

4. Conclusions 

From the above consequences, the following achieving comments can be outgoing as a comparison 

between previous-tension steel wires with tension of (1250 MPa) and non-previous-tension wires:  

1. The pre-stressing of wires increases the tensile strain by (23.6%) and tensile strength (60.87 %).  

2. The pre-stressing increases the young’s Modulus for bead specimens by (54.124%). 

3. The pre-stressing of fibers increases the Number of cycles for bead specimens by (93.4%). 

4. The numerical shows that the Von mises, Maximum principal stress and Tresca increased when the 

pre-stresses increase. 

5. The numerical shows that the Minimum principal and pressure decrease when the pre-stresses were 

increase. 
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