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Abstract

Nickel-titanium, referred commonly as Nitinol, which is a shape-memory alloy with super elastic properties which makes it to
withstand in certain environments and applications. These properties include shape-memory, flexibility, and durability, Nitinol
tires are made of a mesh of wires of Nitinol, a shape-memory alloy based on nickel-titanium that allows the tire to return to its
original shape after undergoing deformation. With this concept, the paper aims at producing Nitinol tires for commercial purpose
here on Earth. Nitinol Tire is a viable alternative to pneumatic tires here on Earth. To use Nitinol tires one cannot use metal on the
highways as the tire won’t provide much grip, therefore a metal frame must be coated with high friction material so as to give a
tire which is much grippy and deformable with almost negligible chance of puncture.
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l. INTRODUCTION

Transport has been a concern ever since man has started thinking about putting things on the road as well as other planetary bodies.
Wheels are the obvious means of getting around, but using a standard air-filled rubber tire presents all kinds of problems;
particularly, what happens if it pops a flat.

So the first moon buggy used metal wheels with steel springs, which provide the supple give of a tire without any need to contain
gas. The problem is that steel springs degrade and plastically deform over time, meaning that the wheel starts to lose its shape. In
the same way that a Slinky wears out over time, NASA’s buggy wheels start to have problems with extended use.

This material derived its name from its constituents and its place of discovery. In 1962, William J. Buehler and Frederick Wang
first discovered the unique properties of this metal at the Naval Ordnance Laboratory.

Commercialization of this alloy was difficult for about a decade. The delay was mainly caused by the difficulty of melting,
machining and processing the NiTimaterial.

Evolution of NiTinol Tires:

A. NASA Comes Up with a New Idea!!!

Before NiTi tires, NASA took the original concept — a metal spring wheel — and brought modern materials engineering to bear.
The result is a new type of metal spring tire, which uses a nickel-titanium alloy in place of steel. In previous case the atoms use to
deform as the spring is moved, but in case of NiTi alloy they instead re-arrange themselves as the tire is stressed. It’s known as a
“shape memory alloy that means the tire can be deformed limitlessly and still it will regain its original shape.

Although the technology is made for exploration of far-away planets, but this technology can be used on Earth as well.

#. Finding the Gap

This technology can be an alternative to the existing pneumatic tires on Earth. This research paper aims at producing the Nitinol
tires for commercial vehicles Using shape memory alloy as radial stiffening elements can also increase the load carrying capacity
of the tire. The Super elastic Nitinol Tire offers traction equal or superior to conventional pneumatic tires and eliminates the
possibility of puncture failures, thereby improving automobile safety. This tire design also eliminates the need for an inner frame
which both simplifies and lightens the tire/wheel assembly.
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I1. APPLICATION OF NITINOL TIRES FOR COMMERCIAL VEHICLES

As a shape memory alloy, Nitinol is extremely flexible and, according to NASA researchers, can "undergo significant reversible
strain (up to 10%), enabling the tire to withstand an order of magnitude more deformation than other non-pneumatic tires before
undergoing permanent deformation." [1] Such other alloys include spring steel, a type of steel which has a carbon content between
0.5% and 1% and is of medium to high hardness. Spring steel is capable of deforming about .3%-.5% before plastic deformation,
which mean that Nitinol outperforms spring steel when it comes to withstanding and recovering from stress. [2] The greater
importance of these statistics will become clear later.

Steel « Elastic Limit for Steel = 0.3%

STRESS

« Elastic limit for Nitinol = 8%

Plastic
Deformation/

Nitinol —

o — . Super Elastic //
Linear

/
Elastic

« NiTINOL contains greater wt%
Ni, but strong Ni-Ti bonds make

T ST Nitinol more chemically stable
0.3% ho» than steel,
Fig. 1: [3]

A. NASA Modified the Spring Tire for Mars

NASA Glenn engineers thought their work on Spring Tires might be a new and better solution for exploration rovers on Mars. So,
they set about developing several Spring Tire prototypes to improve:

— traction in soft sand

— durability

— and reduce overall weight

All rights reserved by www.ijirst.org 75



Future of Nitinol Tires
(1JIRST/ Volume 4 / Issue 10 / 014)

Comparison of Mars Spring Tire (MST) Prototypes
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#. Why Nitinol Tires?

Pneumatic tires have certain drawbacks, especially in high-performance or highly dangerous applications. The main problem, of
course, is that a puncture of the tire results in total failure. A blowout at high speeds can lead to a dangerous car accident.

Another problem with pneumatic tires involves variations in air pressure and tire performance. Lower tire pressure can create
improved traction (and increased comfort), because the tires “flatten” slightly, placing more tread in contact with the road.
However, the pressure inside the tire doesn’t just maintain “up and down” stiffness - it also maintains the lateral stiffness of the
tire. Reduced air pressure allows the tire sidewalls to flex, which unfortunately results in poor handling. In an airless tire, tire
stiffness in those two dimensions is independent.

Air pressure causes other problems, as well. Consumers are notoriously unreliable when it comes to setting their tire
pressure properly, often resulting in unsafe situations. Pneumatic tires are also susceptible to changes in temperature, which can
change the tire’s internal pressure.

I11. PROPERTIES OF NITINOL

The shape memory and super elasticity properties are the unique properties of this alloy. The shape memory property allows this
metal to regain its original shape and retain it when heated above its transformation-temperature.

This is because of the different crystalline structures of Nickel and Titanium. The material has an elasticity which is 10 to 30 times
more than any ordinary material.

Here are some basic physical and mechanical properties of this alloy:

A. Physical Properties

— Appearance: this is a bright silvery metal.

— Density: The density of this alloy is 6.45 gm/ cm3

— Melting Point: Its melting point is around 1310 °C.

— Resistivity: It has a resistivity of 82 ohm-cm in higher temperatures and 76 ohm-cm in lower temperatures.

—  Thermal Conductivity: The thermal conductivity of this metal is 0.1 W/ cm-°C.

— Heat Capacity: Its heat capacity is 0.077 cal/ gm-°C.

— Latent Heat: this material has a latent heat of 5.78 cal/ gm.

— Magnetic Susceptibility: Its magnetic susceptibility is 3.8 emu- gm in high temperatures and 2.5 in low temperatures.

#. Mechanical Properties

— Ultimate Tensile Strength: The ultimate tensile strength of this material ranges between 754 and 960 MPa.

— Typical Elongation to Fracture: 15.5 percent

— Typical Yield Strength: 560 MPa in high temperature; 100 MPa in low temperature

—  Approximate Elastic Modulus: 75 GPa in high temperature; 28 GPa in low temperature Approximate Poisson’s Ratio: 0.3
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. Availability of Nitinol

Nickel titanium is available in various forms including wires, tubes, sheets and springs.There are suppliers available who provide
these. However, there are many other suppliers of Nitinol wires, tubes, springs etc. Many other forms of this metal are also available
online at reasonable prices.

Nitinol is counted among the most useful metal alloys with numerous industrial and medical applications. It is often the best choice
for many applications that require enormous motion and flexibility. However, this material has shown fatigue failure in many
demanding applications. Experts are working hard for the purpose of defining the durability limits of this metal alloy.

. Making Nitinol Devices

Hot working of this material is relatively easy than cold working. The enormous elasticity of this material makes cold working
difficult by increasing roll contact. This results in extreme tool wear and frictional resistance. These reasons also make machining
of this alloy extremely difficult. The fact that this material has poor thermal conductivity does not help in this purpose. It is
relatively easy to perform Grinding, laser cutting and Electrical Discharge Machining (EDM) on this metal. Heat treatment of this
material is very critical and delicate. The heat treatment-cold working combination is important for controlling the useful properties
of this metal
1) Advantages of Using Nitinol Tires

—  Safe: Eliminates the possibility of puncture.

— Strong: Can withstand excessive deformation.

— Robustness: Can be configured for high traction on various terrains.

—  Simple: Eliminates the need for air.

— Versatile: Tire stiffness can be designed to limit energy transferred to vehicle.

— Lightweight: No inner frame needed for the tire/wheel assembly.
2) Nitinol tires can also be applied in various fields as given below:

—  All-terrain vehicle tires.

—  Military vehicle tires.

—  Construction vehicle tires.

— Automobile tires.

— Heavy equipment tires.

— Agricultural vehicle tires.

— Aircraft tires.

IV. TECHNOLOGY BEHIND NITINOL TIRES

The use of shape memory alloy provides more load carrying potential This NASA Glenn innovation comprises a non-pneumatic,
compliant tire utilizing shape memory alloys ( NiTi and its derivatives) as load bearing components. These shape memory alloys
are capable of undergoing significant reversible strain (up to 10%), enabling the tire to withstand an order of magnitude more
deformation than other non-pneumatic tires before undergoing permanent deformation. Commonly used elastic-plastic materials
(e.g. spring steels, composites, etc.) can only be subjected to strains on the order of ~ 0.3-0.5% before yielding. Hence, the use of
a NiTi shape memory alloy yields a superelastic tire that is virtually impervious to plastic deformation. In addition, the utilization
of shape memory alloys provides enhanced control over the effective stiffness as a function of the deformation, providing increased
design versatility.

The Glenn Superelastic Tire can be made to soften with increased deflection, reducing the amount of energy transferred to the
vehicle during high deformation events. In addition, the use of shape memory alloys in the form of radial stiffeners, as opposed to
springs, provides even more load carrying potential and improved design flexibility. This type of compliant tire would allow for
increased travel speeds in off-road applications.

V. PROCEDURE TO MAKE NITINOL TIRES

To use Nitinol tires one cannot use metal on the highways as the tire won’t provide much grip, therefore a metal frame must be
coated with high friction material so as to give a tire which is much grippy and deformable with almost negligible chance of
puncture.

. Following steps has to be incorporated so as to make the tire run on roads:

— Tothe Nitinol tire which is of metal, the first element which can be applied is the sheet of air tight synthetic rubber.

— Inthe second layer apply textile coat made of rubber.

—  Two high resistant metal cables are to be installed; two pair of wires are to be attached so as to hold onto the rim.

—  Side walls made from flexible rubbers are to be added, and finally thread is fitted which finally makes contact with the ground.
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VI. CONCLUSION

Although Nitinol is expensive but when this technology of making Nitinol tires are implemented on larger scale by the industries
this can definitely yield good results, in theory, different alloys could also be used to give the wheels different properties. By
applying the same principle to a different structure and alloy could yield a much more practical wheel for use here on Earth.
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