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Abstract: 

A conventional tyre is made up of air enclosed rubber packed by means of compressed air. Conventional tyres over period have been 

dominating the world marketplace because it exhib its ride excellence and robustness. But it has disadvantaged such as burst out while 

driving, compound manufacturing method, the necessity to keep interior pressure. An innovative technology is under advancemen t to 

exploit only one of its kind blends of materials and geometry that does not need compressed air to hold up the load. Hence non -

pneumatic tyres were introduced. Non-pneumatic tyre is a submissive of cellu lar flexib le spoke component which acts as air of a 

traditional tyre. In this project we replace conventional alloy wheel by flexib le spoke structure. We investigated hexagonal 

honeycomb along spokes designed for non-pneumatic tyre by applying uni-axial load. The spokes experience tension as well as 

compression while they are rolling. So spokes required to have stiffness and rigidity. Non-pneumat ic tyre are designed in ANSYS 

Workbench, (1) honeycomb tyre. ANSYS fin ite element analysis is worn to find deformation and stress in. Honeycomb tires are 

established to be superior in terms of fatigue resistance and durability.  
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I. Introduction 

The NPT tyre is an airless one-piece wheel-and-tyre 

combination with a rubber tread bonded to a wheel hub with 

polyurethane spokes. The NPT tyre aims at performance levels 

beyond those possible with conventional pneumatic technology 

because of its shear band design, added suspension, and 

decreased rolling resistance. It delivers pneumatic-like load-

carrying capacity, ride comfort, and as it has no pressurized air 

cavity, it cannot fail by loss of air pressure. Eventually it may 

be able to outperform conventional tires since it can be 

designed to have high lateral stiffness for better handling 

without a loss in comfort.  However, it is unclear what 

environmental impact this radical new design will have. 

Currently there are environmental issues all throughout a tire's 

lifespan. The traditional t ire is replaced with the NPT which has 

reduced weight compared to conventional tyres so this will 

reduce the vehicle and helps by improving efficiency of the 

engine. Non-pneumatic tyres are also expected to have a 

positive environmental impact. As of now, tyre companies must 

address the growing mountain of bald tyres defiling the 

landscape and find a way to recycle or find something that lasts 

longer and can be recycled. Because airless tires mostly use 

composite materials. Since the tread life of most models is 

longer than that of pneumatic tyres, the rubber does not have to 

be replaced very often.  .Currently automobile companies are 

taking into account every potential alternative to decrease the 

overall weight of the automobile to accomplish the fuel 

economy standards set by government. The focus study is 

mainly towards the option to reduce the weight of the tire. This 

will contribute to the reduction of overall weight of the vehicle.  

 

 

 

II. Literature Survey 

Mohammad Fazelpour et al, [1] stayed considered about the 

evolution of meso-structures in the development of the shear 

band of non-pneumatic tyre and he concluded as follows below. 

To increase fuel efficiency in NASA manned explorat ion 

system. They replaced elastomeric material with shear of shear 

band with materials which can tolerate harsh temperatures and 

shear loads or to replace the materials with linear elastic low-

hysteretic loss materials. Topologies were created such as 

honeycombs; new shapes like s -type meso-structures and the 

structural analysis were carried out of shear band of non-

pneumatic tyre with meso-structure was investigated through 

shear flexure, shear strain, and contact pressure. At the end of 

research they set up guidelines on custom-designing meso-

structures for challenging applications such as non-pneumatic 

tyre and passive morphing airfo ils which will be addressed in 

future research. A.M. Aboul-Yazid et al, [2] examined three 

dissimilar structures of the Twell, resistant technologies, and 

NPT by seeking yielding spoke structures. He conducted the 

quasi-static, 2D analysis on contact pressure, vertical tire 

stiffness and stress which are affected by spoke structures and 

shear band by creating two NPTs, a tire with a composite ring 

and another without composite ring. The results showed that 

shape and size of spokes has effect on tire behavior and the 

shear layer reduces the impact of the deformed spokes shape in 

contact pressure distribution. Bert Bras et al, [6] discussed 

about the ecological effect of the Tweel tyre amid its lifecycle 

from assembling, through use and transfer. Since the Tweel tyre 

is as of now still in the examination stage and is most certainly 

not made and utilized on a vast scale, there are instabilities as 

for end-of-life situations and rolling resistance evaluates that 

will influence the LCA. In any case, some preparatory finishes 
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of the Tweel tire's natural execution in contrast with a 

traditional spiral tyre can be drawn. 

 

III. Methodology 

A. Problem defini tion: 

Non-pneumatic tyres usually have higher rolling opposition and 

offer much less suspension then on the contrary shaped and 

sized pneumatic tyre. Additional troubles for airless tyre 

contain dissipating the heat built-up that arises when they are 

driven. Non-pneumatic tyres are often packed with compacted 

polymers, relat ively to air. Bearing in mind the non-pneumatic 

tyre structure, the spokes experience compression and tension 

under cyclic loading while the tire rolls. Therefore, it is 

essential to reduce the localized stress of spokes that is, the 

spokes must be fatigue resistance. In this project we considered 

non-pneumatic tyre based on hexagonal honeycomb. 

Honeycombs have been main ly used in light weight sandwich 

structures for which out of plane stiffness is preferred. A 

honeycomb structure is a collection of void cells created 

between thin vertical walls. 2D prismatic cellular materials of 

cyclic microstructures are called honeycombs. Various types of 

honeycombs are square, hexagonal, triangle, varied squares and 

triangle and rhombus shape.  Rhombus and triangular cell 

honeycomb are superior for elevated modulus structural design. 

Hexagonal cell structures are well-known for both shear and 

axial loadings. Moreover, hexagonal honeycombs can simply  

be modified to have desired in-plane properties by varying cell 

angle, the wall length, and wall thickness.  The spokes of non-

pneumatic tires are essential to have both stiffness and 

resilience under cyclic compression–tension loading. In 

common, stiffness and resilience are at variance necessities if a 

material has a high modulus, it shows a low elastic strain limit, 

and vice versa. The challenge is to design materials that have 

both high stiffness and high resilience.  

 

IV.CAD Model  

A. Design of spokes structure:  

While designing the honeycomb structure, whole structure is 

divided in to cell. The single cell is created first and mirrored to 

create entire structure. The dimensions of single cell notions are 

shown in the figure 1. 

 
Fig. 1: Geometric parameters of Hexagonal Honeycomb 

Hexagonal honeycombs are designed with the cell wall 

thickness, t, the vertical cell length, h, the inclined cell length, l, 

and the cell angle, θ, as shown in Figure 1. Tab le 1 incorporates 

the dimensions of the honeycomb cells. The efficient stress –

strain curves of the honeycombs differ depending on the 

cellu lar geometry. An elevated cell angle, θ, cause cellular 

structures to comprise flexib ility under uni-axial loading. The 

honeycomb spokes with a superior cell angle magnitude 

illustrate lower local stresses, which is excellent for a fatigue-

resistant spoke design. While modeling honeycomb, number of 

configuration are available with different cell angle   , cell 

height h, and cell length l. But the dimensions of honeycomb 

spokes for this analysis are chosen randomly. The following 

dimensions were chosen for designing honeycomb spokes. 

 

Table 1: Geometric dimensions of honeycomb spokes  

Geometric 

parameters  
L1 L2 L3 L4                

mm 

(degree) 
21 19.3 18.5 20 20 25 15 20 30 

 

B. CAD Model: 

Model: 3D model of Honeycomb spoke structured airless tyre 

 
Fig.2: 3D model of honeycomb airless tire made by using 

ANSYS Workbench 

 

The figure 2 shows the honeycomb structured airless tyre. The 

3D model was formed using ANSYS workbench.. The three 

dimensional modeling involves different steps like s ketching, 

protrusion, mirro r as per standard tyre dimensions.  

 

 1) Geometrical as pects:  

The wheel size is 25
”
×6.5”×15”  

The hub or rim diameter is = 380.1 mm. 

Hub thickness is = 25 mm. 

The outer ring diameter is = 605 mm. 

The outer diameter of the wheel is =625 mm. 

The thickness of shear band is = 15 mm. 

The width of the wheel is = 165.1 mm. 

 

V. Finite Element Modelling  

 

A. Finite Element method:  

 

The FEM (fin ite element method) is a numerical technique used 

to resolve problems which is described by differential equations 

(partial differential equations) or can be resolved as functional 

minimizat ion. In fin ite elements approximating functions are 

determined with the help of nodal values of a continuum which 

is sought. The continuum or physical problem is converted into 

a discretized small finite element problem with unknown nodal 

values. FEM is a computer program utilize to analyze a 

material and to find how stresses will affect the design or 

material fo r the applied load. 
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B. Meshed honeycomb tyre model:  

 
Fig 3: Meshed model of honeycomb tyre 

 

The fig 3 shows the meshed model of honeycomb tyre. 

Meshing is carried out using ansys software. Hear we used 

tetrahedral element for meshing. These tetrahedral elements are 

3D elements which are having 3 degree of freedom at each 

node. Tetrahedral (solid187) element captures complete 

behavior of components by creating appropriate mathemat ical 

model during analysis. The total number of nodes in the 

meshed model is 15339 and total number o f elements is 8256.  

 

C. Material properties of honeycomb tyre: 

The materials used in this analysis for honeycomb tire are 

alumin ium alloy, polyurethane, steel, syntactic rubber. The 

main reason for selecting these materials is because they pose 

wide range of mechanical properties like high stiffness and 

resilience, high flexibility, hyperelastic, high temperature 

resistance etc. Standard materials have been selected and    the 

properties are shown in the table 2.  

 

 Table 2: Material properties for honeycomb tyre 

 

Part Hub Spokes 
Outer 

ring 

Shear 

band 

Material 

 

UNS 

A97075 

 

Polyurethane 
AISI 

4140 

Syntactic 

rubber 

Yield 

strength, 

(MPa) 

 

503 145 480 18.2 

Elastic 

modulus, 

E (MPa) 

 

75000 35 210000 14 

Poisson’s 

ratio, (υ) 

 

0.33 0.48 0.3 0.48 

Density, 

( ) 

      

 

2180 1210 7810 1050 

Shear 

modulus, 

G 

(MPa) 

 

32000 11.18 80000 3.5 

 

 

D. Boundary condition: 

 
 

Fig 4: boundary conditions applied for honeycomb tyre 

 

The inner surface of the wheel is completely constrained in all 

direction because hub of the wheel is fixed and it  acts as a fixed  

support to the wheel. The left of fig 4 shows the fixed inner 

surface of the wheel. The surface load of 750 N is applied in  

the y-direction at the outer surface of the wheel because it is the 

reaction force that acts upon wheel by the road.  

 

 

 
Fig 5: Applied boundary conditions for honeycomb tyre for 

rotational rpm 

 

The inner surface of the wheel is completely constrained in all  

direction. Rotational velocity of 5000 rpm is applied in z-

direction and x-component is left free for deformation since not 

much deformat ion occurs in the other two directions. It is 

shown in fig 5. A load of 750 N is applied in the y-direction as 

shown in fig 4. For this directional deformation are evaluated. 

 

E. Solver and post processor 

The linear static analysis and model analysis is carried out on 

non-pneumatic tyre for the above load cases. The commercial 

FE solver ANSYS V13.0 version is used for numerical 

solutions. The results are post processed using ANSYS V13.0.  

 

VI. Results and discussion 

The linear static analysis is performed on non-pneumatic tyre 

for various load condition to assess the structural strength for 

Design verification procedure load cases. The materials are 

considered in this analysis. 
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A. Liner static analysis: 

 
Fig 6: Von-Mises and Maximum principal stress 

 

The figure 6 shows the equivalent and maximum principal 

stress for honeycomb airless tyre. Maximum equivalent and 

principal stress valves are 73.644 MPa and 82.788 MPa. In the 

above figure a small amount of red colour indicates the 

maximum equivalent and principal stress and blue colour 

indicates the min imum equivalent and principal stress. 

 
Fig 7: Min imum principal stress and total deformat ion 

 

The fig 8 shows the directional deformat ion along X-axis. The 

red colour indicates the maximum deformat ion along X-axis for 

the applied load and rotational rpm. The maximum deformat ion 

value is 4.9839 mm and minimum deformat ion occurs in other 

two direction i.e.) y and z direction. The minimum value of 

deformation is -1.8928 mm. min imum value is shown in blue 

shade. 

 
Fig.8: Directional deformation  

 

B. Model analysis:  

The Modal Analysis is performed to evaluate the natural 

frequency of the non-pneumatic tyre and its mode shape. The 

natural frequencies of the non-pneumatic tyre should not fall 

between the operating frequency ranges to avoid the structure 

failure due to resonance. In this project we conducted model 

analysis to determine d ifferent natural frequency and mode 

shapes. This occurs for the applied static load of 750 N and 

5000 rpm rotation applied in the z-direction. Mass of the tyre is 

calculated using volume and density. Since volume of tyre is 

known while modeling tyre and density is found using material 

properties. If we know mass and load we can calculate natural 

frequency of the component. The natural frequency of t ire is 

    686.76 Hz. Hear attempt is made jest to depict different 

mode shapes for applied load. 

 

 
Fig 9: First and second mode of deformat ion 

 

In the fig  9 shows the first and second mode of v ibration for the 

applied load. The first mode occurs at first natural frequency  

    730.55 Hz and total deformat ion value for this first mode 

is 124.89 mm. The second mode occurs at second natural 

frequency            Hz and total deformat ion value for the 

second mode is 117.81 mm. The red colour indicates the total 

deformation. 

 

 
Fig 10: Third and Fourth mode of deformation  

 

In the fig 10 shows third and forth mode of vibrat ion for the 

applied load. The third mode occurs at third natural frequency  

    731.75 Hz and total deformat ion value for this third mode 

is 151.61 mm. The fourth mode occurs at fourth natural 

frequency           Hz and total deformat ion value for the 

fourth mode is 117.04 mm. The red colour indicates the total 

deformation. 

 

 
Fig 11: Fifth and Sixth mode of deformation  
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VII. Conclusion 

 The static analysis of honeycomb tyre had been carried 

out. The equivalent stress value obtained in static analysis 

for honeycomb tyre is 76.344 MPa which is  under 

permissible limits of material properties . So the structure 

is safe. 

 The deformation value of honeycomb tyre is 4.9839 mm 

in case of twell tyre the deformation value is 1.4847 mm 

which is aginest to the results. 

 Honeycomb tyres are most convenient to replace the 

conventionl tyre since they provide uniform tract ion and 

wear as that of conventional tyre. 
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