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Abstract: Non-pneumatic tyres, also known as airless or solid tyres, are a breakthrough innovation in tyre technology 
that aims to alleviate the recurrent issues associated with standard pneumatic tyres. The age-old problem of flat tyres, 
which causes unforeseen difficulties and expensive repairs, motivated the investigation of alternate tyre alternatives. 
Non-pneumatic tyres have evolved as an effective answer to this issue. Innovative materials and complicated structural 
designs are used in the development of non-pneumatic tyres. Unlike ordinary air-filled tyres, these tyres are made of 
solid, robust materials with complicated shapes. These properties enable them to withstand a variety of terrains and 
circumstances without punctures or blowouts, lowering the frequency of tire-related concerns. Extensive testing and 
analysis produced encouraging findings. Non-pneumatic tyres have shown to be extremely durable, considerably 
decreasing the requirement for maintenance. Finally, non-pneumatic tyres represent a significant advancement in tyre 
technology. Their application has far-reaching implications, ranging from the automobile industry to construction and 
beyond. These tyres have the potential to minimize downtime, maintenance costs, and environmental effect, making 
them an important breakthrough in the tyre design and manufacturing industry. As non-pneumatic tyre research 
progresses, widespread acceptance promises to usher in a new age of tyre technology, overcoming the long-standing 
difficulties associated with traditional pneumatic tyres and delivering a more dependable and cost-effective alternative 
for a variety of applications. 
Keyword: NPTs, 3D Printing, FE, Smart Materials, PU/CNTs. 

 

1. Introduction  
From the development of the wheel to the invention of the 
pneumatic tyre, the world of transportation has witnessed 
significant changes over the decades. Each advancement 
has improved the efficiency, comfort, and safety of our 
forms of transportation. Today, we stand on the verge of 
another game-changing advancement in tyre technology 
known as airless tyres. Non-pneumatic tyres are a 
substantial departure from the traditional pneumatic (air-
filled) tyres that have been the industry standard for well 
over a century. These tyres do not rely on air pressure to 
sustain and cushion the vehicle's weight. Instead, they are 
built with innovative materials and technical methods that 
allow them to operate without the use of air. The evolution 
of tyres, the fundamental differences between pneumatic 
and non-pneumatic tyres, the materials and technologies 
behind non-pneumatic tyres, their potential applications, 
advantages, and challenges, as well as the impact of non-
pneumatic tyres on various sectors of transportation are all 
covered in this comprehensive introduction. It is necessary 

to understand the historical context of tyre development in 
order to appreciate the relevance of non-pneumatic tyres. 
Tire evolution can be divided into numerous important 
stages. Early wheels were made of solid wood or metal 
components. These sturdy tyres were long-lasting yet 
produced a harsh and uncomfortable ride. They were also 
prone to wear and tear, which limited their utility. John 
Boyd Dunlop's creation of the pneumatic tyre in the late 
1800s changed transportation. These tyres had an air-filled 
inner tube covered in a rubber outer layer, which made the 
ride smoother and more comfortable.  
 
Pneumatic tyres quickly became the industry standard, 
allowing for higher speeds, superior handling, and 
increased fuel efficiency. Run-flat tyres were created in 
response to concerns about tyre punctures and blowouts. 
These tyres had strengthened sidewalls that allowed 
vehicles to drive for a short distance after a puncture. 
While run-flat tyres improved safety, they kept the 
dependency on air pressure. The NPTs are designed to 
overcome the constraints of pneumatic and run-flat tyres 
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by removing the need for air entirely. Instead, they employ 
cutting-edge materials and technical concepts to provide 
support, cushioning, and durability. The absence of air in 
non-pneumatic tyres is, of course, the primary distinction 
between the two. Pneumatic tyres rely on air pressure to 
distribute weight, absorb shocks, and keep their form. 
Non-pneumatic tyres, on the other hand, are designed to 
fulfil these goals without the requirement for inflation. 
This basic differential gives birth to a number of benefits 
and problems that are critical to comprehending non-
pneumatic tyre technology.  
 
Advances in materials research, manufacturing processes, 
and technical ingenuity have enabled the creation of non-
pneumatic tyres. Non-pneumatic tyres frequently include 
innovative composite materials like carbon fibre, Kevlar, 
and fibreglass. These materials offer strength and 
flexibility while being lightweight. Many non-pneumatic 
tyres include lattice or honeycomb-like features that may 
bend and rebound to offer cushioning and load carrying. 
These structures are intended to absorb shocks and 
properly distribute loads. Emerging smart materials, 
including those of shape-memory metals and polymers, 
are being investigated for their potential to improve the 
performance of non-pneumatic tyres. These materials' 
characteristics can vary in reaction to environmental 
stimuli, increasing flexibility and endurance. 
 

2. Literature Survey 
 
Yaoji Deng et al. (2023) presented a detailed review of the 
current status of non-pneumatic tyre research, including 
development patterns. It presented study findings on the 
vertical, longitudinal, and lateral mechanics, vibration, and 
fatigue features of non-pneumatic tyres. 
 
Zhiyue Wang et al. (2023) conducted a thorough 
investigation on the properties of honeycomb non-
pneumatic tyres when subjected to structural damage. It 
evaluated how these tyres respond to punctures and 
impact-induced alterations using a combination of tests 
and numerical analysis. 
 
Laiyun Ku et al. (2022) used finite element simulations and 
computer modelling to conduct a detailed numerical 
investigation of the mechanical properties of flexible spoke 
non-pneumatic tyres under a variety of operating 
circumstances. It investigated deformation behaviour, load 
capacity, and energy efficiency, revealing design 
improvement opportunities. 
 
Xiaochao Jin et al. (2018) explored the design and analysis 
of non-pneumatic tyres (NPTs), a revolutionary tyre 
technology noted for its airless and puncture-resistant 
characteristics. It concentrated on their design principles, 

structural integrity, and load-bearing capacities, utilising 
new materials such as composites and lattice systems to 
improve performance in a variety of circumstances. 
 
Manuel Sardinha et al. (2022) explored the design factors 
and improvements in non-pneumatic tyre technology 
adapted for 3D printing using fused filament fabrication 
(FFF). FFF-compatible non-pneumatic tyres are valued for 
their durability, which appeals to FFF-based 
manufacturers. 
 
Hong He et al. (2023) concentrated on the improvement of 
a cooling system for injection moulding moulds used in 
the manufacture of non-pneumatic tyres. Efficient cooling 
is critical for producing high-quality tyres while lowering 
production cycle times. 
 
Zhu Mingmin et al. (2019) presented a thermo-mechanical 
coupled modelling technique for evaluating the effect of 
temperature and friction on the cornering performance of 
non-pneumatic mechanical elastic wheels. 
 
Hongxun Fu et al. (2022) investigated the fundamental 
mechanical properties of flexible spoke non-pneumatic 
tyres while accounting for thermo-mechanical coupling 
effects. It improved our understanding of these novel 
designs by analysing the influence of temperature changes 
on tyre performance. 
 
Youqun Zhao et al. (2018) used the finite element approach 
to model the steady-state rolling behaviour of mechanical 
elastic wheels that are not pneumatic. Load distribution, 
deformation, and contact mechanics are studied using 
advanced computational approaches during rolling. 
 
Haichao Zhou et al. (2021) investigated the use of domestic 
cat paw pads to reduce vibration in non-pneumatic tyres. 
The research intends to build imaginative spoke designs 
for greater ride comfort and performance by analysing 
their unique structural and material qualities. 
 
M. Damir et al. (2021) underlined the need of a pneumatic 
non-contact measuring method for accurate in-process 
dimension measurements. The technology provides 
excellent precision while operating without direct touch 
with the thing being measured. 
 
Non-pneumatic tyres with curved isolated spokes were 
examined by Juthanee Phromjan et al. (2023) for usage in 
difficult agricultural circumstances. Load distribution, soil 
compaction, and tyre durability are all evaluated using 
real-world tests and numerical models. 
 
Liguo Zang et al. (2022) evaluated the performance of non-
pneumatic tyres with a rhombus structure under difficult 

pavement conditions, focusing on 
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traction, load capacity, and wear resistance. The work 
results gave vital insights into the suitability of these tyres 
for various road conditions, propelling tyre technology 
developments for difficult real-world circumstances. 
 
Jaehyung Ju et al. (2018) investigated the usage of 
hexagonal honeycomb spokes to improve fatigue 
resistance in non-pneumatic tyres (NPTs). Using 
honeycomb mechanics, two hexagonal honeycomb designs 
are built, and their elastic limitations are investigated using 
finite element analysis. 
 
By establishing the best finite element (FE) type for 
modelling honeycomb NPT spokes, Otis Wyatt et al. (2023) 
addressed an important component of non-pneumatic tyre 
(NPT) research. NPT segments with honeycomb spokes are 
compared for forecasting initial buckling stresses at 
various spoke thickness-to-height ratios using 2D-plane 
and 3D shell components. 
 
Amir Gasmi et al. (2018) investigated the effects of stiffness 
on contact patch, vertical stiffness, and rolling resistance in 
non-pneumatic tyres on frictionless surfaces. The use of 
metric analysis in tyre engineering provided design ideas 
that were supported by computational and experimental 
data. 
 
Muhammad Ali et al. (2022) investigated the load capacity 
and fatigue resistance of PU spoke constructions in NPTs. 
Load-bearing straight spoke designs such as basic and 
trapezoid outperform honeycomb spokes. 
 
Off-road tyre performance on non-spherical granular 
terrain was the subject of Xiaobing Guo et al. (2022). A 
multi-sphere approach for accurately representing uneven 
gravel was introduced, removing false resistance. 
Validation and testing demonstrate its ability to replicate 
tyre behaviour on uneven terrain. 
 
Imran Ali et al. (2023) investigated the benefits of non-
pneumatic castors (NPCs) over pneumatic castors, 
concentrating on load-bearing capacity and rolling 
resistance. The research discovers an ideal NPC design 
with specified hole features using finite element analysis 
(FEA) and design optimization, offering useful insights for 
enhancing the mechanical properties of wheelchair castors. 
 
According to Aravind Mohan et al. (2018), NPTs provided 
an alternative to traditional pneumatic ones. They were 
made comprised of a stiff hub, deformable spokes for load 
support, a reinforced shear band, and a rubber tread for 
contact with the ground. 
 
Andrea Genovese et al. (2021) presented a method for 
investigating the mechanical behaviour of Non-Pneumatic 

Tires (NPTs) utilising experimental data and numerical 
analysis. 
 
Nikhil Kumar et al. (2022) underlined that traditional tyres 
rely on pressurised air, which causes problems such as 
bursting and complicated manufacture. NPTs employed 
cutting-edge materials and design to eliminate the 
requirement for air. 

                                                                       
Non-pneumatic tyres (NPTs) for on/off-road machinery 
were investigated by A.M.Aboul-Yazid et al. (2020), who 
highlighted their benefits over regular pneumatic tyres. 
The honeycomb spokes of the NPT finite element (FE) 
model are made of polyurethane/carbon nanotubes 
(PU/CNTs). 

 
According to Sri Rama Sarma et al. (2022), pneumatic tyres 
have been employed in cars, which is critical for passenger 
safety. They provided comfort, but they are prone to 
punctures and inflation-related problems. Companies like 
as Michelin and Bridgestone have recently experimented 
with non-pneumatic tyres in an attempt to remove these 
issues. 

 
Nibin JacobMathew et al. (2017) investigated an airless tyre 
model made of natural rubber and polyester, evaluating 
the influence of structural designs and materials. 

 
3. Result and Discussion 

 
Xiaochao Jin et al. (2018) and Andrea Genovese et al. (2021) 
underline the relevance of novel design approaches and 
the usage of modern materials in NPTs such as composites, 
lattice systems, and polyurethane/carbon nanotubes 
(PU/CNTs). These materials improve performance, 
structural integrity, and load-bearing capacity. 
 
Finite element simulations and computer modelling, such 
as those used by Laiyun Ku et al. (2022), Zhu Mingmin et 
al. (2019), and Otis Wyatt et al. (2023), are essential for 
understanding the mechanical characteristics of NPTs. 
These investigations dig into deformation behaviour, load 
capacity, and thermo-mechanical coupling effects, giving 
insights for design enhancements and performance 
optimization. 
 
Zhiyue Wang et al. (2023) explore the structural damage 
induced by punctures and impacts on honeycomb NPTs. 
Understanding how these tyres resist damage is crucial for 
real-world applications, particularly in off-road and 
difficult terrains. 
Manuel Sardinha et al. (2022) investigates the use of 3D 
printing, especially fused filament fabrication (FFF), to the 
production of non-pneumatic tyres. This process enables 
the production of long-lasting tyres, which appeals to 
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manufacturers who use FFF technology. 
 
Juthanee Phromjan et al. (2023) and Liguo Zang et al. 
(2022) investigate the practical uses of NPTs in agriculture 
and difficult pavement conditions, respectively. Under 
real-world conditions, these tests evaluate load 
distribution, soil compaction, traction, and wear resistance. 
 
Hong He et al. (2023) explore the essential issue of effective 
cooling systems in the NPT injection moulding process. 
Improved cooling adds to higher tyre quality and shorter 
manufacturing cycle times. 
 
Imran Ali et al. (2023) explore the load-bearing capacity 
and rolling resistance of non-pneumatic castors (NPCs) for 
wheelchairs. This unique application highlights NPT 
technology's versatility and potential benefits in a variety 
of sectors. 
 
Several studies, such as those by Aravind Mohan et al. 
(2018), Nikhil Kumar et al. (2022), and Sri Rama Sarma et 
al. (2022), highlight the benefits of NPTs over typical 
pneumatic ones. These benefits include the removal of air-
related difficulties, increased safety, and fewer 
maintenance issues. 
 
The findings imply that NPT research is fast advancing, 
driven by a multidisciplinary approach that includes 
materials science, engineering, and practical applications. 
The analysis of the literature highlights the potential of 
NPTs to address critical difficulties associated with 
traditional pneumatic tyres, providing enhanced 
performance, durability, and safety in a variety of 
applications. Further study may investigate the scalability 
of these breakthroughs, overcome any remaining obstacles, 
and pave the path for non-pneumatic tyre technology to be 
widely used in a variety of sectors. 
 

4. Conclusion 

The examination of the literature on non-pneumatic tyres 
(NPTs) displays a wide and unique landscape of research, 
highlighting the evolution and improvements in this 
technology. Yaoji Deng, Zhiyue Wang, and Laiyun Ku 
have studied mechanics, structural damage response, and 
numerical simulations, providing useful insights for 
improving NPT performance. Xiaochao Jin and Manuel 
Sardinha's research investigates innovative materials and 
manufacturing processes, such as 3D printing, to push the 
frontiers of design possibilities. Zhu Mingmin and 
Hongxun Fu's thermo-mechanical considerations 
emphasise the need of understanding temperature impacts 
on NPTs. Furthermore, research into one-of-a-kind design 
aspects, such as cat paw-inspired constructions by Haichao 
Zhou and hexagonal honeycomb spokes by Jaehyung Ju, 
demonstrates a desire for greater riding comfort and 

fatigue resistance. A.M. Aboul-investigation Yazid's of 
alternative materials such as polyurethane/carbon 
nanotubes (PU/CNTs) shows a trend toward advanced 
composite materials. Overall, this thorough analysis 
highlights the varied attempts to improve NPTs by 
addressing concerns like as punctures, load capacity, and 
road adaptation, paving the way for future advances in 
tyre technology. 
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