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Abstract: In automotive wheel design, the balance between strength and weight is critical: too heavy and the car will 
lose performance, too weak and there is a risk of structural failure. When constructing new light alloy wheels, 
particular attention is always given to one thing: achieving the perfect balance between weight and stability, which is 
known as the strength–to–weight ratio. In general, the more stability offered by a tire means the heavier it would be. In 
the recent days, considerable efforts are being made to reduce the weight of the components, which ultimately reduces 
the overall weight of the vehicle. In order to sustain all loads and practical conditions wheel materials must be of good 
quality. In the case of heavy loading condition, steel wheels are preferred and for medium and low load condition, 
aluminum and magnesium alloy wheels are suggested essential for aesthetic look. Wide varieties of materials are 
available in the market can be used for wheel rims. Generally used wheel rim materials are aluminum alloy, 
magnesium alloy and steel. Each material has some advantages over the other. Thanks to the potential weight saving, 
aluminum castings are good candidates for automotive wheels. 
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1. INTRODUCTION 
 
Today, in order to optimize the resources usage and 
reduce the air pollution, the automobile industry is facing 
new challenges, with the necessity to improve engines 
fuel economy, enhance vehicles autonomy and reduce the 
CO2 emission. One of the solution, which is being much 
researched, is the car components weight reduction. There 
is a range of new materials that have been developed to 
attend the new weight standards. [7,9,10] Together with 
lightweight these materials must also deliver acceptable 
mechanical properties, easy to manufacture and to 
assembly capability, good appearance, high durability and 
good cost–benefit relation. [7,9,10]    
The automotive industry continues to look for 
opportunities to reduce weight and cost while continually 
increasing performance and safety. Light weighting 
technologies enhance vehicle performance, (fuel 
economy, acceleration, braking and emissions). New 
materials are available to reduce weight; however the 
incremental cost for the weight reduction can be 
prohibitive. Vehicle manufacturers recognize removing 
weight is a key feature to meeting their targets for fuel 
economy and emission reductions. [7,9-10] 
The producers have taken the global lead in the light 
weighting of passenger cars with aluminum. Europe is the 
leader for automotive aluminum body applications, in 
chassis and suspension, bumper systems, wheels, etc., to 
name just a few. Wheels are now representing about 15% 
of the average aluminum content in passenger cars and 
light trucks, and if the main motivation has been styling 
with mainly cast solutions, weight reduction requirements 
have led to the development of more technical cast but 
also forged and fabricated solutions. [1,2,8] Aluminum 

penetration in wheels was in the year 2000 for European 
vehicles about 30 to 35%, compared to largely more than 
50% in USA and Japan. Now, more than ever, reducing 
vehicle mass is necessary and light weighting materials, 
like aluminum and magnesium, can be used to further 
improve the sustainability and the safety of future 
generations of cars. [1,2] Aluminum castings, extrusions, 
forgings and sheets can be found nearly everywhere, 
including in car bodies, closures, chassis, suspensions and 
wheels. These light–weighting solutions can be applied 
with little adaptation across all car models. [3-5,6,9-10] 
Innovative, safe and cost–efficient lightweight aluminum 
bonnets, fenders, doors and bumpers can be found across 
all car models today. For these parts, switching to 
aluminum is relatively easy and does not need full re–
engineering of the car. In practice, material substitution is 
generally connected to a model change where there is 
extensive re–designing in any case. Mixed material design 
does not present bigger problems, if appropriate design 
and manufacturing measures are taken. Thus, the weight 
saving potential could even be significantly greater. [7] 
It is important to distinguish between two kinds of weight 
savings: 
 Direct weight saving: the weight reduction due to 

exchanging a heavier material for a lighter material in 
one or several components. 

 Indirect weight saving: additional weight reduction 
obtained by downsizing certain components (i.e. 
brakes, suspension, engine, etc.) to keep vehicle 
performances at the same level as before. Indirect 
weight savings come on top of direct weight savings, 
and can represent up to 50% additional savings on the 
weight of the complete car. 

As indirect weight savings can only be maximized by 
completely redesigning cars, they are usually lower than 
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50% and close to 0% when only one single component is 
made lighter. Weight reduction without any changes to 
the functionality or safety of the car can be realized not 
only by replacing heavier materials with lighter materials, 
but also by introducing new design and manufacturing 
concepts or, ideally, by a combination of these measures. 
It is important to realize that aluminum offers the 
possibility for light weighting without downsizing and 
without impairing the safety of the vehicle fleet. Light 
weighting improves safety for all road users, as it 
facilitates vehicle handling, shortens braking distances 
and reduces the severity of accidents. [7,9-10] Therefore, 
reducing mass of future generations of cars has additional 
benefits, like: 
 keeping constant the car acceleration performance, 

which is generally reflected by the power–to–weight 
ratio, saving weight allows downsizing of the power 
train (engine, transmission, etc.) and thus provides 
additional weight savings. Keeping the power train 
unmodified, reduced weight increases the power–to–
weight ratio and therefore improves acceleration. 

 keeping braking power constant, light weighting 
shortens braking distance. Keeping the braking 
performance constant, light weighting 

 allows downsizing of the brakes, which offers further 
weight saving potential. 

 saving weight on unsuspended parts like wheels does 
not only increase a car’s comfort, but also reduces the 
hammering effect on uneven roads, therefore reducing 
wear of the roads. 

 road handling is improved by light–weighting in many 
different ways: 
- Handling of a lighter car is easier in demanding 

driving situations. 
- Reducing body weight lowers the center of 

gravity, improving the car’s stability and reducing 
the risk of rollover. 

The relationship between the material properties and the 
strength, stiffness and weight of a component is very 
complex and can be strongly influenced by the part 
geometry, meaning that there is no absolute rule. In 
practice, it will be necessary to consider the design of 
each component individually to determine the actual 
weight reduction potential. [3-5,7,9-10] 
 
2. WHEELS, IN TERMS OF CONSTRUCTION 
 
Automobile wheel is an integral component of each 
contemporary automobile. The task of an auto wheel is to 
move a vehicle on a road and to change the direction of 
the movement. [2,3,10]  
 

 
 

Fig.1. Wheels, in terms of construction 

Every automotive wheel consists of a rim and a disc. In 
terms of construction, a wheel rim is made as a one–, 
two– and three–piece auto part’, each type having its 
place in the today’s automotive market. Most alloy 
wheels are made as one–piece product, where a wheel is 
made in a mold as a single piece. This type of rims is 
widely used due to its affordability and strength of the 
structure. 
 

 
 

Fig.2. One–piece rim 
 

As for two–pieces rim (also called modulars), the wheel is 
manufactured of center and outer barrel. Then these 
separate parts are welded or bolted together and their 
construction makes for a very strong and lightweight 
wheel. This type of wheels has more options in sizes. The 
main disadvantage is the assembling process. They are 
also cheap to produce so they make up the majority of 
alloys for regular cars. 
 

 
 

Fig.3. Two–pieces rim 
 

As for three–piece rim, the wheel is manufactured with an 
assembled inside rim half, outside rim half and a 
centerpiece. Three–piece wheels are offered in a great 
variety of sizes and offsets. 
 

 
 

Fig.4. Three–piece rim 
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3. WHEEL MANUFACTURING MATERIALS 
 
The alloys employed have to meet a range of sometimes–
conflicting requirements: [7,9,10] 
 good metal–mold casting properties (castability, 

susceptibility to hot tearing and shrinkage 
characteristics) 

 ability to withstand physical impact (elongation and 
impact strength) 

 corrosion resistance (normal and saline atmospheres) 
 fatigue resistance  
These requirements have led to the use of proper light–
weighting alloys in the automotive industry. 
Car rims can be made from several materials. Each 
material used in a car rim can affect its weight, strength, 
durability and finish. Quality materials will also drive up 
the cost of a rim.  
Depending on the material, used in wheel rim production, 
there are several most common rim’s types available in 
the contemporary automobile market:  
 Steel wheel rim. It is a standard type of a rim. Due to 

its properties, steel is one of the most important 
engineering and construction material. Steel features 
great formability, impermeability and durability. Steel 
is a cost–effective material as it is less exotic material 
and its manufacturing process is not so complicated. 
Compared to other materials, one of the main 
disadvantages of steel is its heavy weight.  

 Alloy wheel rim. It is manufactured from an alloy of 
magnesium or aluminum. One of the main benefits is 
the lightweight that results in better handling. The 
alloy wheels reduce the overall weight that in its turn 
lead to fuel saving. Compared to steel wheels, alloy 
rims provide better heat conduction. This improves 
braking performance as the heat is dissipated from the 
vehicle’s brakes. It also reduce a possibility of 
overheating. The disadvantage of the alloy rims 
includes inability to withstand corrosion. It is 
necessary to apply a paint layer or other coatings to 
prevent rust. Higher price is another disadvantage of 
this material. Aluminum alloy wheels are the most 
popular material used in car rims. 

 Carbon fiber wheel rim. Compared to alloy and steel 
wheels, this type of rims is less popular as its major 
disadvantage is high price. Carbon fiber composites 
have high strength–to–weight ratio, toughness, 
resilience and great fatigue strength. Due to its 
advantages, carbon–fiber–reinforced polymer is used 
in manufacturing of supercars. Along with the reduced 
fuel consumption and longer service life, this type of 
wheels benefits to performance as well as handling. 
They are extremely light, less than half that of a steel 
rim of the same capacity. They are also extremely 
expensive due to initial cost of raw material and the 
lot of manual work involved. 

Magnesium alloy wheels, considering their high costs, 
optimum mechanical characteristics and lightness, are 
produced exclusively for competition. Most common are 
steel and aluminum alloy, exotic materials like carbon 
fibers being way out of financial reach of most ofroaders. 
Most genuine wheels are made of steel, but up to 1/3th 
lighter than steel and not too expensive, aluminum alloy 
are good for almost all applications. 

The main advantages, when compared alloy wheels with 
steel wheels are: 
 a high styling versatility 
 weight (equal or less than steel without styling) 
 dimensional accuracy (mass distribution) 
 recycling ability 
 static and dynamic behavior  
Car wheels, also known as rims come in all sizes, designs 
and materials. The type of metal materials used in car 
wheels are various, most auto manufacturers now using 
alloy wheels—a combination of metals—aluminum and 
magnesium or both.[10] 
Alloy wheels are more expensive to produce than 
standard steel wheels, and thus are often not included as 
standard equipment, instead being marketed as optional 
add–ons. However, alloy wheels have become 
considerably more common since 2000, now being 
offered on economy and subcompact cars, compared to a 
decade earlier where alloy wheels were often not factory 
options on inexpensive vehicles. Alloy wheels have long 
been included as standard equipment on higher–priced 
luxury or sports cars, with larger–sized or “exclusive” 
alloy wheels being options. 
Aluminum alloy wheels are less expensive than alloy 
magnesium wheels but both are now popular choices due 
to their durability. In addition, whether magnesium or 
aluminum alloy wheels are choose, both tend to be lighter 
than the older steel material used in regular steel wheels. 
Alloy rims make vehicle handling more responsive 
including braking. 
Alloys of aluminum or magnesium are typically lighter 
for the same strength, provide better heat conduction, and 
often produce improved cosmetic appearance over steel 
wheels. Better heat conduction can help dissipate heat 
from the brakes, which improves braking performance in 
more demanding driving conditions and reduces the 
chance of reduced brake performance or even failure due 
to overheating. 
Alloy wheels are usually made of aluminum or 
magnesium alloys. The advantages of alloy wheel are 
lightweight, better heat conduction and excellent aesthetic 
appearance. In the recent technological advancement, 
considerable attempts are being made to develop Al and 
Mg alloys to suit to requirement for alloy wheel. Further 
weight reduction of the wheel hub may be realized by 
design. Weight reduction is one of the essential criteria of 
a vesicle as far as the fuel efficiency is concerned. Use of 
lightweight metals and alloys is now becoming the 
designer’s choice. [7,10] The existing components, which 
are made of steel and cast iron, are slowly phased out by 
replacing with aluminum and magnesium alloys having 
comparable properties. In fact, metals used in the 
production of light alloy wheels are aluminum and 
magnesium alloys. They are non–ferrous metals with 
physical and mechanical features presenting small 
quantities of binding elements, such as silicon, copper, 
manganese, zinc, nickel and titanium. 
 
4. MANUFACTURING PROCESSES 
 
A wheel manufacturing is a complex work that integrates 
a various production technologies and equipment. In 
wheel production, in use are two metal processes: casting 
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and forging. [1,5,6,8,10] Depending on the wheel 
structure and applied materials, the following types of 
wheel production are used: 
 casting – is a solidification process by which molten 

metal (aluminum or magnesium alloy) is poured into a 
mold with the required shape’s cavity where the 
solidification process takes place. Casting has the 
advantage of allowing implementing various ideas in 
terms of style. Until recently, gravity casting was 
widely used by the wheel manufacturers. At present, 
this technology is replaced by low–pressure die–
casting. This technique is aimed at reducing porosity, 
which is among the main disadvantages of casting. 

 forging – is a manufacturing process by which metal 
is heated up to the required temperature, placed in a 
certain die and then the compressive force is applied. 
This manufacturing process eliminates the porosity 
and avoids that may cause the corrosion and cracks. 
The limited variation of shapes and high production 
costs – due to the complex manufacturing technology 
– lead to the increased price of the wheels. 

The major casting processes for wheels are: [1,10] 
 low–pressure die casting (mainly) 
 gravity permanent mold casting (less used) 
 squeeze–casting process (marginally used)  
Forged alloy wheels are one–piece wheels formed from a 
single block of metal by hot forging, hot or cold spinning 
and machining operations. The forging process permits 
flexibility in design of the styled disk, similar to cast 
wheels. 
In relation to castings, forged materials exhibit decidedly 
higher fatigue resistance due to absence of pores and 
because of a fine, homogeneous microstructure. While 
cast wheels are performing according to the same load 
and endurance specifications as forged wheels, the latter 
are more tolerant to overloads as may be experienced in 
sports cars. 
 
5. LOW–PRESSURE DIE CASTING OF 

MODERN ALLOY WHEELS 
 
Magnesium wheels were the first die–cast wheels 
produced. Magnesium wheels were originally used for 
racing, but their popularity during the 1960s led to the 
development of other die–cast wheels, made from any 
material, from modern aluminum alloy wheels to plastic 
and composite wheels. [1,6,8] 
Casting is a relatively inexpensive way to produce a high 
quality, strong alloy wheel and many alloy wheels 
designed for street use are made this way. The most 
common process of constructing alloy wheels is the one–
piece casting, there are a number of methods to do this, 
and the most basic is the so–called die–casting, this 
process is used worldwide throughout the casting industry 
and is not exclusive to alloy wheels. 
Among the most interesting processes, low–pressure die 
casting is certainly worth mentioning, thanks to its 
peculiarities, allowing, in several cases, an excellent 
compromise between quality, costs, productivity, 
geometrical feasibility. [1,9] 
Nowadays, it is adopted for casting aluminum– and 
magnesium–based alloys. The principle of this process is 

quite simple: the permanent die and the filling system are 
placed over the furnace containing the molten alloy. 
 

 
 

Fig.5. Low pressure die casting of alloy wheels 
 

 
 

Fig.6. The casting mold 
 

 
 

Fig.7. The casting mold and cast wheel 
 

Specific attention has to be done to the design of the die, 
to control by means of proper cooling circuits, the 
solidification path of the alloy. The massive region of the 
casting has to be the last one to solidify and must be 
placed near to the sprue or metal inlet. 
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Fig.8. Wheels casting process 
 

The low injection velocity and the relatively high cycle 
time lead to a good control of the fluid dynamics of the 
process, avoiding the defects originated by turbulence 
phenomena. 
The die can be design for the production of a single 
casting or for multiple castings, according to the size 
required and to the characteristics of the machine. 
 
6. ALUMINUM WHEELS vs. MAGNESIUM 

WHEELS 
 
Alloys or steels wheel types have advantages and 
disadvantages for different types of driving; but in general 
if we want beauty and performance the choice is alloy, 
and if we want tough, we want steels. While steel wheels 
are acceptable for use on everyday roads, some drivers 
prefer the better alternative. In fact, steel wheels are 
favored because they are tough to damage and are 
inexpensive, but they are also heavy and clunky looking. 
Alloy wheels, alternatively, are both better looking and 
better performing wheels. But, what's best from the 
alloy’s destined for the wheels?  
Compare the variety, cost, durability, and handling 
advantages of aluminum wheels with the weight, heat, 
and aesthetic advantages of magnesium wheels. Most 
differences are cosmetically but some are also practical. 
Unlike steel wheels, aluminum alloy can be cast and 
worked in many different designs, giving cars a much 
more individual look, and offering owners the chance to 
customize even more. 
With the many other options to choose from, it is 
beneficial to have an idea of the benefits and drawbacks 

of the two main wheel types: aluminum wheels and 
magnesium wheels. 
Aluminum and magnesium are two metals commonly 
used in the production of vehicle rims. These metals are 
abundant in nature, and have similar properties that are 
used to create efficient and visually appealing rims. 
Aluminum and magnesium rims are lightweight and 
increase gas mileage, but they have important differences 
when it comes to durability and price. 
 

6.1. Focus on aluminum wheels 
 

 a wide range of aluminum wheels are available on the 
automotive market and they are available from a range 
of different manufacturers. 

 the price of the wheels will vary depending on the size 
and style, but they are often more costly compared to 
steel or magnesium wheels. The difference in price 
usually arises from the difference in the cost to 
manufacture the wheels. 

 compared to magnesium wheels, aluminum wheels are 
more durable and will last longer than other materials. 

 aluminum wheels are stronger than magnesium 
wheels, with the latter being more delicate and more 
difficult to manufacture 

 they come as standard on some vehicles, making them 
suitable for regular cars while other types are more 
suited to specialized cars, such as those used for 
racing. 

 it is possible for the material to be combined with 
other materials, such as magnesium. This will create 
alloy wheels that take benefits from each of the 
materials, which will make them both strong and light. 

 using aluminum wheels the handling will often be 
improved, the car becoming more responsive on 
operation of the brake and accelerator. 

 

6.2. Focus on magnesium wheels 
 

 magnesium wheels are light wheels, much lighter than 
steel or aluminum wheels. 

 the magnesium alloy might be durable but it does have 
its limits, and if is don’t pay proper attention to the 
road the investment will losses. 

 there’s less overheating with magnesium wheels 
because they spread the heat from the brakes much 
more efficiently than aluminum wheels. 

 the biggest advantage that magnesium wheels offer is 
in the vehicle’s look. Magnesium wheels certainly add 
a „wow” factor to a vehicle. That, of course, is the 
main reason people spend their money on magnesium 
alloy wheels. 

 the main factor weighing against magnesium wheels is 
the price, they being expensive. Although magnesium 
wheels do confer some benefits beyond looks, those 
are relatively minor and not necessarily advantages. 

 
7. CONCLUSION 
 
The automotive industry, in close co–operation with the 
materials industry, has developed and introduced 
numerous innovative light–weighting solutions. Key 
success factors are the product–specific developments, the 
selection of the proper alloys and the consistent 
reproduction of the required quality level for the various 
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product forms (sheets, extruded sections, castings, 
forgings, etc.). Most important of all is the full 
exploitation of aluminum–specific design possibilities and 
the introduction of manufacturing methods highly suited 
for the forming, machining, assembly and surface 
finishing of light–weighting components. 
Aluminum is the ideal light–weighting material, as it 
allows a weight saving of up to 50% over competing 
materials in most applications without compromising 
safety. Therefore, aluminum light weighting is the enabler 
of future sustainable cars. 
Aluminum is already the dominant material used to make 
engines and wheels, thanks to the metal’s performance, 
durability and environmental advantages. Automakers are 
now aggressively applying today’s advanced aluminum 
alloys and designs new light weighting applications as 
part of an approach to reducing vehicle weight. 
Lightweight aluminum designs offer the possibility to 
improve the safety performance of a vehicle and to reduce 
simultaneously its mass. The mass–specific energy 
absorption capacity of aluminum is twice that of mild 
steel, and compares favorably to the newly developed 
high strength steel grades. However, car safety is not only 
a question of the material used. The design applied and 
the manufacturing concept are even more important. 
In order to sustain all loads and practical conditions wheel 
materials must be of good quality. Wide varieties of 
materials are available in the market can be used for 
wheel rims. Generally used wheel rim materials are 
aluminum alloy, magnesium alloy, and steel. Each 
material has some advantages over the other. 
If original equipment manufacturers require excellent 
aesthetic shape with very good heat dissipation without 
compromise with its associated costs then lightweight 
material such as aluminum and magnesium alloys can be 
used for wheel rims. 
The application of aluminum alloy castings in many 
mechanical components, especially for cars, has gradually 
increased in the last years, thanks to the great potential of 
these materials as replacements for ferrous alloys. 
In particular, for those applications in which the necessity 
of high mechanical properties is combined with the need 
of a substantial weight saving, aluminum castings seem to 
be extremely interesting solutions. Moreover, the 
opportunity of producing cast car components permits a 
high reduction of the production costs. 

The automotive and aluminum industries are working 
together on reducing the cost of aluminum applications 
currently used in sport and luxury cars, so that these can 
also find their place in street going regular cars. 
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