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ABSTRACT

This article provides an overview of the materials used to manufacture magnesium wheels for light vehicles.
The analysis was conducted with the aim of developing a new, efficient technology for molding magnesium alloy
wheels for light vehicles from preforms cast into metal molds. The knowledge accumulated so far on materials and
their properties for the production of magnesium wheels will allow the design of a new technology for molding
rims from materials of superior quality and durability. Currently, magnesium wheels are mainly produced from
cast magnesium alloys and magnesium alloys for forming. Cast magnesium alloys used for magnesium wheels
include AZ91, AM50, AM60, AE44, ZK61, ZE41, EZ33, EQ21, WE43 and the newly developed Mg-2.96Nd-
0.21Zn-0.39Zr alloy. Magnesium metal-forming alloys used for magnesium wheels include AZ31, AZ61, AZ80

and ZK30, ZK60. The study includes an analysis of their properties and application examples.

Keywords: magnesium alloys, casting alloys, wheels, light vehicles, metal forming alloys.

INTRODUCTION

The development of magnesium-based light
metal alloys is an issue of key importance for
economic development, especially in the context
of modern means of transport [1]. The use of
these alloys in the automotive industry plays an
important role in reducing the weight of vehicles
while improving a number of vehicle technical
parameters (Fig. 1).

Exceptional strength and low weight make
magnesium an attractive construction material
for car manufacturers. Forecasts suggest that
magnesium consumption in a modern car may
soon exceed 100 kilograms [3]. In the context
of increasingly restrictive exhaust emission

standards and development of electromobility,
vehicle manufacturers are intensifying work on
the development of lightweight structures, which
contributes to the increase in demand for magne-
sium alloys [4].

One of the main applications of magnesium
in the automotive industry is lightweight vehicle
wheels, which are used in various types of ve-
hicles including cars, motorcycles, bicycles and
wheelchairs [5]. Magnesium wheels are an impor-
tant part of modern solutions. Their production is
based on the use of magnesium alloys, which are
characterized by an extremely favorable set of
properties. The main reason for using these alloys
is their low density. Magnesium alloys are 30 to
40% lighter than popular materials such as steel
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Fig. 1. Weight/rigidity comparison of certain wheel materials and technologies [2]

or aluminum [6]. The reduced weight translates
directly into vehicle performance, reduced fuel
consumption and improved overall handling.
The high mechanical strength that magnesium
alloys have makes them excellent for use in the
manufacture of magnesium wheels. The tensile
strengths of alloys such as AZ91, AMS50 and
AMO60 range from 180 to 300 MPa, while WE43
alloy can reach as high as 400 MPa [7]. Such val-
ues attest to their excellent mechanical proper-
ties, making them an attractive choice for manu-
facturers (Table 1).

Magnesium alloys are also characterized by
significant resistance to high temperatures, mak-
ing magnesium wheels retain their performance
under extreme conditions. In addition, these mate-
rials exhibit vibration damping capabilities, which
translates into driving comfort. Their unique
properties, such as the ability to reduce vibrations
and significant specific strength, make them even
more valuable [9]. An additional advantage of

magnesium alloys is their relatively simple pro-
cessing. This means that magnesium wheels can
be designed in a variety of shapes and styles to
meet both aesthetic and functional requirements.
This gives manufacturers a great deal of freedom
to create innovative designs [10]. Today, magne-
sium wheel manufacturing uses a variety of tech-
nologies, including machining, shape casting and
metal forming, including die forging, extrusion
and rolling. While each of these technologies has
its advantages and limitations, magnesium casting
is currently the most widely used technology due
to its availability and favorable price. Magnesium
wheel casting has high dimensional precision;
however, it can exhibit manufacturing defects such
as cavities or porosity, which can affect suscepti-
bility to cracking during high-speed impacts [8].
Magnesium wheel forming, on the other hand,
is a challenging task due to the narrow range of
processing temperature parameters and sensitivity
to strain rate. The process of forming magnesium

Table 1. Comparison of mechanical properties of Mg alloys [8]

Performance Unit Mg AZ91 AM50 AS41 AE42
Density glem?® 1.74 1.81 1.77 1.77 1.79
Specific heat kd/kgxK 1.025 1.02 1.02 1.02 1.02
Thermal conductivity WimxK 154 51 65 68 84
Melting temperature °C 650 598 620 638 625
Solid-liquid conversion temperature °C 650 420-435 420-435 420-435 590
Conversion heat kJ/kg 368 370 370 370 370
Tensile strength MPa 165-205 240-250 210-230 215-240 230
Yield limit MPa 69-105 160 125 140 145
Elongation rate % 8-11.5 3-7 10-15 6-15 10-11
Elastic modulus GPa 45 45 45 45 45
Brinell hardness - 36 70 60 60 60
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wheels is carried out hot on forging machines,
which carries with it low operating speeds and the
maintenance of isothermal temperature conditions
during deformation (Fig. 2).

Despite higher production costs, forged mag-
nesium wheels have a fine-grained structure and
better mechanical properties than cast wheels
[12]. The choice of the appropriate magnesium
wheel manufacturing technology depends on a
number of factors, including cost, mechanical
property requirements and the application of the
wheel [1]. For the automotive industry, aspects
related to durability, corrosion resistance and
mechanical properties are particularly important.
Therefore, numerous studies are being conducted
on various types of coatings that effectively pro-
tect the magnesium substrate against cavitation
erosion and reduce wear [13]. It is worth noting
that magnesium alloys are increasingly popular in
all types of transport, due to their unique proper-
ties and potential to revolutionize vehicle design
[14]. Their developing applications have a posi-
tive impact on the efficiency and effectiveness of
the automotive industry, and the prospects for this
material are promising. The review will help iden-
tify trends in the development of magnesium al-
loys for wheel production and innovations in this
field. It will enable the assessment of the advan-
tages and limitations of using magnesium alloys in
wheel production, including their strength, light-
ness, corrosion resistance and durability. This will
help to understand under what conditions they are

most effective. This will be particularly important
in the context of changes in the automotive indus-
try, such as vehicle electrification and the desire to
increase fuel efficiency [15].

ANALYSIS OF MATERIALS USED IN THE
MANUFACTURE OF MAGNESIUM WHEELS

For designating magnesium alloys, the indus-
try applies an American system approved by the
ASTM (the American Society for Testing and Ma-
terials) specified in the ASTM B951-10 standard.
In general, as far as the technological application
is concerned, magnesium alloys may be divided
into cast alloys and alloys for metal forming.

The cast magnesium alloys used to manufac-
ture magnesium wheels include AZ91, AMS50,
AMG60, AE44, ZK61, ZEA1, EZ33, EQ21, WEA43,
and the newly developed Mg-2.96Nd-0.21Zn-
0.39Zr alloy. The magnesium alloys for metal
forming used in the production of magnesium
wheels include AZ31, AZ61, AZ80, and ZK30,
ZK60.

The AZ91 constitutes the most popular mag-
nesium alloy for casting. It is characterized by
good tensile properties and fluidity. Consider-
able aluminum content (approx. 9% of the mass)
gives the alloy low ductility in room temperature
[16]. The alloy undergoes precipitation harden-
ing. In order to enhance ductility, the alloy is
homogenized within the 415-435 °C range for
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a minimum of 16 h [17, 18]. Supersaturation is
conducted typically within the 415-430 °C range,
while aging, depending on the sought after prop-
erties may be carried out in the 170-200 °C range
[19, 20]. For example, in work [21] AZ91D alloy
was used to make motorcycle wheels by forming
of die casting and double control forming. The
study presents a comparison of microstructures
and mechanical properties of samples derived
from motorcycle wheels manufactured by means
of pressure die casting as well as by a novel meth-
od of double control forming from the AZ91D al-
loy. The novel method consists of the compres-
sion of the ingots. Functional properties exceed
those obtained by means of pressure die casting.
Due to the fact that in the case of wheels, in
addition to low mass, the ability to dampen vibra-
tions is also important, the authors of paper [22]
analyzed wheels made from AZ91 as regards vi-
bration modeling in relation to 6061-T6 alumi-
num and SPFH540 steel. The magnesium AZ91
alloy manifested the best vibration-damping char-
acteristics. Analyzes conducted using the FEM
method by the same authors also show that the
AZ91 magnesium alloy is the most suitable for
use on magnesium wheels in terms of bending
and radial loads. In paper [23], the same materi-
als again: 6061 T6 aluminum, SPFH540 steel and
AZ91 were compared. The analysis revealed that
despite inconclusive results, for light structures,
the magnesium alloy is preferred. The subject of
FEM analyzes in the context of the AZ91 alloy are
also elements of the technological process in the
context of low-pressure die casting. In work [24]
critical areas were indicated in relation to struc-
tural defects (e.g. pores in spokes). Additionally,
the adjustment of filling parameters was proposed
in order to solve the problem. The authors of pub-
lication [25] attempted to optimize the parameters
of the same process, in which they analyzed the
parameters of low-pressure die casting. Optimal
parameters were determined in order to obtain
structural homogeneity, reduce shrinkage porosi-
ty, and lower dendritic segregation. The most suit-
able parameters for a wheel made from AZ91D
are as follows: filling temperature of 689 °C
and filling pressure of 6,5 kPa. In paper [11], it
was discussed examples of wheels made from
AZ91 and AM60 by means of sand casting and
metal die castingas well as pressure die casting.
Both advantages and drawbacks of each method
were determined. The AM60 alloy belongs to the
casting alloys group [11]. It is predominantly used
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in pressure die casting processes. Its properties
are similar to those discussed below for the AMS50
alloy. Manganese must be present in order to for
the alloy to undergo precipitation hardening. The
element is present in the AM60B grade [26]. The
study analyzed the AM60B alloy and pressure die
casting for the manufacture of motorcycle wheels.
The work revealed that the material and technol-
ogy meet the requirements for motorcycle wheels.

Apart from motorcycle wheels, magne-
sium alloys may be used to manufacture bicycle
wheels. For example, the Shuangye electric bicy-
cle introduced integrated magnesium wheels with
six or three spokes. These wheels are lighter than
those made from aluminum alloys [27, 28]. The
bicycle industry employs the AM60B alloy [29].
The study modified the width of the spoke and the
radius of the wheel. Optimized radius parameters
were established for the redesigned wheel. The
maximum stress was lowered to 65.612 MPa.

The AMS50 alloy is intended for cast produc-
tion, especially for pressure die casting. It is used
in the production of structural elements in the au-
tomotive industry, electronics, and telecoms. Its
chief advantages include very good fluidity, high
durability-mass ratio, and very high corrosion
resistance. The alloy undergoes homogenization
and precipitation hardening [30]. The authors of
the work [31] compared the results of strength
tests for samples derived from motorcycle wheels
made in the DC (die casting) and DCF (double
control forming) technologies. It was established
that the DCF enables much better properties to be
obtained for the AM50A alloy. The authors of pa-
per [32] compared a variety of magnesium alloys
in terms of their applicability for the manufacture
of wheels. The study analyzed alloys such as:
AZ91, AM50, AM60, AZ31, ZE41, EZ33, ZE63,
and ZC63. The Multi-Attribute Decision Making
(MADM) method was applied. For all cases, the
AZ91 alloy proved the most suitable.

In the review type paper [33] selected prop-
erties of magnesium alloys, aluminum, and tita-
nium as regards the manufacture of wheels were
compared. Additionally, the authors analyzed in-
dividual manufacturing technologies for the sur-
veyed materials. Magnesium wheels are charac-
terized by low mass, high specific strength, and
resistance to dynamic deformations. One of the
chief problems is corrosion resistance. The au-
thors indicated that casting and forging constitute
predominant technologies. Pressure casting has
also become a developing technology in recent
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years. The AM60 alloy, the A356 aluminum alloy,
and unspecified titanium alloy were selected for
the comparative analysis. The analysis revealed
that the aluminum alloy manifests the greatest
effectiveness (cost-effect ratio) although, magne-
sium alloy has higher efficiency.

The Mg-4Al-4RE alloy ismostly used in pres-
sure die casting. Its composition includes rare earth
elements: a mixture of cerium and lanthanum. The
application of this mixture allows hardening with
the use of TS heat treatment. The employment of
such a process enables improved tensile strength
to be obtained without losing any ductility [10,
34]. The study [35] discussed examples of the ap-
plication of magnesium alloys in the production
of, inter alia, automotive wheels. High costs and
insufficient corrosion resistance were indicated as
chief barriers to the mass production of magne-
sium wheels. The Mg-4Al-4RE (AE44) alloy was
indicated as the one possessing high strength and
ductility both in a room and at elevated tempera-
tures [36]. Authors argued that the introduction
of anticorrosion coatings and the development of
various casting technologies may broaden the ap-
plication range of magnesium alloy wheels.

The ZK61 alloy is a high-strength cast al-
loy grade. The ZK61 alloy was developed to be
used in sand casting and Liquid Forging [37]. The
content of zirconium facilitates grain fragmenta-
tion. On the other hand, Zn enables precipitation
hardening. Supersaturation temperature is high
and may reach up to 510 °C for 3 h. Aging may
be performed in 120 °C for 24 h. Even though it
is characterized by high strength, the alloy is not
broadly used due to the tendency to form micro-
porous structures when cast. It is also unweldable
due to high Zn content. In these work it was out-
lined the results of studies concerning the impact
of yttrium additive upon the microstructure and
properties of the ZK61 alloy used for the man-
ufacture of the wheel’s hub by means of liquid
forging. The study revealed that the best mechan-
ical properties and correct microstructure were
obtained for 1% of yttrium additive by weight.
The analysis of thermal conditions showed that
the best results were obtained for the forging tem-
perature of 380 °C.

The ZE41 alloy is characterized by high ten-
sile strength up to 200 °C [38]. The EZ33 alloy
manifests a higher creep resistance and may oper-
ate in temperatures up to 250 °C [39]. This alloy
is characterized by good fluidity. It is employed in
the manufacture of tight castings. A high degree

of precipitation hardening was determined in al-
loys containing Zn and rare earth elements. Maxi-
mum hardening while aging is obtained for those
alloys where secretions are coherent with the me-
tallic base. Such alloys are applied in the manu-
facture of engines and gearboxes operating at
120-205 °C. The EQ21 magnesium alloy contains
silver and manifests considerable tensile strength
at room temperature. It also exhibits good creep
resistance up to 200 °C [40]. It also welds well.
The good mechanical properties of the Mg-RE-
Ag-Zr group, to which EQ21 belongs, make it
ideal for the manufacture of critical parts of ma-
chines. Owing to the high content of yttrium, the
WE43 alloy manifests high flashpoint (750 °C)
and strong hardening properties. Its broad appli-
cation is limited due to its high price [41].

The Mg-2.96Nd-0.21Zn-0.39Zr cast alloy
has been recently developed. According to the
authors of the study [42], the alloy manifests high
strength properties and corrosion resistance as
well as high fatigue limit. The alloy may be used
for sand casting and die casting. When using the
alloy, it is beneficial to apply T6 heat treatment.
In this work the results of fatigue tests of sam-
ples derived from cast magnesium wheels have
been discussed. The wheels were manufactured
by means of low-pressure die casting into a steel
form (Fig. 3). Then they were tested at the post-
casting stage and T6. A fatigue test with controlled
deformation was conducted. The results proved
conclusively that samples that were heat treated
are characterized by considerably higher fatigue

Fig. 3. Magnesium wheels of the
Mg-2.96Nd-0.21Zn-0.39Zr [42]
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limits. The authors of the work highlighted the ef-
fect of hardening and the decline of structural de-
fects (shrinkage porosity) due to heat treatment.
The test was conducted with a frequency of 2 Hz
with push-roll loading.

Cast magnesium alloys may be shaped by
means of casting processes such as continuous
casting and shape casting. As far as shape casting
is concerned, the following methods can be dis-
tinguished: sand casting (Mg-Al-Zn, Mg-RE-Zr,
Mg-Zn-Zr magnesium alloys); die casting (due
to high temperature brittleness Mg-Zn-Zr group
is not applied); pressure casting (application of
Mg-Al-Zn, Mg-Al-Mn, Mg-Al-Si, Mg-Al-Ca,
Mg-Al-Sr groups); pressure casting with com-
pression, and casting from semi-solid state [30].

The AZ31 and AZ61 alloys are intended for
plastic metal forming processes [43]. They deform
in high temperatures especially when fine grains
are present (<3 pum). They manifest good tensile
strength and ductility. Alloy additives - aluminum
and zinc - enable precipitation hardening of AZ31
and AZ61, and enhance the granularity of the mi-
crostructure. Additionally, the alloys can be re-
inforced by plastic deformation. The AZ91 alloy
is intended for operation in room temperature or
elevated temperatures up to 100 °C. The alloy is
weldable. Once welded, elements made from this
alloy should undergo stress-relief annealing in or-
der to reduce the probability of stress corrosion
cracking. The homogenization of the AZ31 alloy
1s conducted in 390 °C for 22 h, while for AZ61 in
415 °C for 24 h. As far as supersaturation is con-
cerned, the temperature range for the AZ91 alloy
reaches 415 °C and for AZ31 itamounts to 450 °C.
The maximum aging temperature for AZ61
amounts to 175 °C and for AZ31 it is 300 °C.

Forged magnesium wheels are employed, in-
ter alia, in the aviation industry, e.g. in the hubs of
aircraft wheels. Paper [44] refers to the applica-
tion of AZ31 for that purpose. This alloy was also
studied in work [45]. Authors conducted studies
concerning the production of aircraft wheel hubs
by means of hot forging from magnesium alloys
with a diverse aluminum content ranging from 3%
to 8% (AZ31,AZ61, AZ80). Their research shows
that the selected element possessing specific prop-
erties can only be made from the AZ31 alloy.

The AZ80 alloy is characterized by high
strength and can be heat treated. It can also un-
dergo plastic metal forming and forging. Semi-
finished products are manufactured by means
of extrusion. Elements made from this alloy
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may be operated at room temperature. The high
maximum solubility of aluminum in magnesium
(12,7% by weight) enhances the precipitation ca-
pability of the alloy, favorably with fine Mg Al
precipitates. The study [46] reviewed methods
employed in the manufacture of magnesium
wheels, especially AZ80. Forging and flow-form-
ing, forging and rotary compression and extrusion
of the perforated charge were discussed. This last
method was of particular interest. It was stressed
that the application of the method along with T6
heat treatment enables properties that meet auto-
motive industry requirements to be obtained. The
work [47] discusses the results of fatigue tests of
samples derived from magnesium wheels manu-
factured from the AZ80 alloy by means of extru-
sion. The wheels were manufactured by extruding
perforated charge from cast rods homogenized
at 385 °C for 12 h. The results of fatigue tests
were compared to the results obtained for rolled
samples. The authors of the work [48] analyzed
wheel discs made from extruded AZ80 alloy and
the impact of TS5 and T6 heat treatment upon low-
cycle fatigue. The results clearly suggest that TS
heat treatment offers the greatest applicability as
far as low-cycle fatigue is concerned. AZ80 con-
stitutes another alloy used in the production of ve-
hicle wheels [49]. Rivers et al. studied controlled
fatigue of samples derived from the spokes of
a vehicle’s cast wheel made from AZ80. It was
proven that the fatigue limit amounted to approx.
98 MPa [50]. The application of magnesium in
a vehicle’s wheel leads to the improvement of
handling owing to the reduction of not suspended
mass. The authors of the studies [51, 52] devel-
oped a new magnesium alloy based upon AZS80.
It manifests excellent mechanical properties. As
a result, a magnesium wheel was obtained which
is 30% lighter than aluminum wheels. Excellent
granularity for continuous casting in the manu-
facture of wheels was obtained by means of Sr
or Ca additive. The Figure 4 shows the manufac-
tured Az80 magnesium wheels.

The ZK30 and ZK60 alloys are intended for
plastic metal forming [38]. Semi-finished prod-
ucts are obtained by extrusion and aging or pre-
cipitation hardening. They are also intended for
the production of forgings to be operated at room
temperature, the same as the AZ80 alloy. If fine
grains are obtained, the ZK60 alloy may undergo
superplasticity. The ZK30 and ZK60 alloys mani-
fest a slightly better forging capacity than other
alloys. Typical homogenization conditions for
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Fig. 4. AZ80 magnesium wheel (a) Magnesium alloy forgings [43], (b) Mg alloy wheels extruded (14x6) J [8]

ZK60 are as follows: temperature of 420 °C, time
of 8-12 h. For aging they are 180 °C and 18 h.
The authors of work [53] produced a prototype of
a wheel forged from ZK30 by means of the same
tools used to manufacture an aluminum wheel of
the same setup present on the market today [39].
It weighs 6,8 kg (35%) less than the aluminum
wheel. The strength is isotropous because defor-
mation stages are uniaxial and stress in all parts of
the wheel amounts to 12—14%.

CONCLUSIONS

The article presents the current state of
knowledge in the field of materials used in the
manufacture of magnesium wheels. It also pres-
ents their properties and examples of their use in
previously applied methods of wheel manufac-
turing. The analysis of the problem was carried
out on the basis of the literature and available
standards as well as commercial offers from mag-
nesium wheel manufacturers. This study system-
atizes knowledge available in this area. A wide
range of magnesium alloys and various technolo-
gies is taken into account in numerous analyzes
regarding the use of magnesium alloys for the
production of wheels. For economic reasons, for
wheels with lower construction requirements, but
where the weight of the elements plays an impor-
tant role, alloys and casting technologies are pre-
ferred. Therefore, the alloy that is most popular
is AZ91 alloy. Its properties and its presence on
the market mean that its research is carried out in
many aspects. For critical parts such as aircraft
wheel components, wrought alloys such as AZ80

are considered. The high cost of this type of prod-
ucts is justified by the high requirements placed
on these types of elements. Worth mentioning
are modern casting alloys such as Mg-2.96Nd-
0.21Zn-0.39Zr, which has both high mechanical
properties and significant corrosion resistance.
Additionally, new technologies are interesting
from the point of view of the analysis, such as de-
formation and heat treatment of castings in order
to improve their structure and properties. The se-
lection of materials with good forming properties
for the project will ensure that the final product
(wheels) possesses the assumed shape and dimen-
sions and will be of the highest usable quality.

Acknowledgments

Project “New technology of forming magne-
sium alloy wheels for light vehicles”; No. NOR/
SGS/ForMag/0083/2020-00. The research lead-
ing to these results has received funding from the
Norway Grants 2014-2021 via the National Cen-
tre for Research and Development.

REFERENCES

1. Wang M. An industrial perspective on magnesium
alloy wheels. A Process and Material Design. 2023;
20-44. DOI: 10.4236/msa.2023.141002

2. Burk G., Boés J., Kohler C., Werner J. Porsche
911 turbo carbon rad. VDI Berichte. 2019. DOI:
10.51202/9783181023433-419

3. Blawert C., Hort N., Kainer K.U. Automotive appli-
cations of magnesium and its alloys. Transactions of
the Indian Institute of Metals. 2004; 57(4): 397-408.

251



Advances in Science and Technology Research Journal 2023, 17(6), 245-253

4. Friedrich H., Schumann S. Research for a “new age
of magnesium” in the automotive industry. Journal
of Materials Processing Technology, 2001; 117(3):
276-81. DOI: 10.1016/S0924-0136(01)00780-4

5. Khademian N., Peimaei Y. Magnesium alloys and
applications in automotive industry. 5th Interna-
tional Conference on Interdisciplinary Studies in
Nanotechnology, 2021; 1-23.

6. Murugesan R., Venkataramana S.H., Marimuthu S.,
Anand P.B., Nagaraja S., Isaac J.S., Sudharsan R.R.,
KhanT.Y., Almakayeel N., Islam S., Razak A. Influence
of alloying materials Al, Cu, and Ca on microstructures,
mechanical propertiesand corrosion resistance of Mg
alloys for industrial applications, A review. American
Chemical Society Omega. 2023; 8(41): 37641-37653.
https://doi.org/10.1021/acsomega.3c03417

7. YangY., Xiong X., Chen J., Peng X., Chen D., Pan
F. Research advances in magnesium and magnesium
alloys worldwide in 2020. Journal of Magnesium
Alloy. 2021; 9(3): 705-47. https://doi.org/10.1016/j.
jma.2021.04.001

8. Liu B,, Yang J., Zhang X., Yang Q., Zhang J., Li
X. Development and application of magnesium al-
loy parts for automotive OEMs: A review.; Journal
of Magnesium Alloy. 2023; 11(1): 15-47. from:
https://doi.org/10.1016/j.jma.2022.12.015

9. Kim K, Ji Y, Kim K, Park M. Effect of Recrystal-
lization Behavior of AZ31 Magnesium Alloy on
Damping Capacity. Materials. 2023; 16(4): 1399.
https://doi.org/10.3390/ma16041399

10. Luo A.A. Magnesium casting technology for structural
applications. Journal of Magnesium and Alloys. 2013;
1(1): 2-22. https://doi.org/10.1016/j.jma.2013.02.002

11. Leister G. Passenger car tires and wheels: Develop-
ment - manufacturing - application. Passenger Car
Tires and Wheels, Springer Publisher Cham. 2018.
https://doi.org/10.1007/978-3-319-50118-5

12. Papenberg N.P., Gneiger S., Weillensteiner 1., Ug-
gowitzer P.J., Pogatscher S. Mg-alloys for forging
applications — A review. Materials. 2020; 13(4):
1-61. https://doi.org/10.3390/mal13040985

13.Jonda E, Szala M, Sroka M, Latka L, Walczak
M. Investigations of cavitation erosion and wear
resistance of cermet coatings manufactured by
HVOF spraying. Applied Surface Science. 2023;
608(S155071). DOI:10.1016/j.apsusc.2022.155071

14. Monteiro W.A., Buso S.J., Silva L. V. New Features
on Magnesium Alloys. New Featur Magnes Alloy.
2012;1-14. DOI 10.5772/2810

15. Tan J., Ramakrishna S. Applications of magnesium
and its alloys: A review. Applied Sciences. 2021;
11(15) 6861. https://doi.org/10.3390/app 11156861

16. Polmear 1.J. in Magnesium and magnesium alloys.
ASM Specialty Handbook. 1999;12-25.

17.Reguta T., Bronicki M., Lech-Grega M., Czekaj E.

252

An Assessment Of The Possibilities To Shape The
Mechanical Properties Of Cast Az91 Magnes.Prace
Instytutu Odlewnictwa.2008; XLVIII (1): 39-45.

18. Pilehva F., Zarei-Hanzaki A., Fatemi-Varzaneh S.M.
The influence of initial microstructure and tempera-
ture on the deformation behavior of AZ91 magne-
sium alloy. Materials & Design 2012; 42: 411-417.
https://doi.org/10.1016/j.matdes.2012.06.012

19. Ziolkiewicz S., Jankowski L., Gronowski W.
Ksztaltowanie odlewniczego stopu magnezu AZ91
na tle prob wyciskania wspotbieznego.Obrobka
Plastyczna Metali. 2013; XXIV(2): 1-9

20. Thirumurugan M., Kumaran S. Extrusion and
precipitation hardening behavior of AZ91 magne-
sium alloy. Transactionof Nonferrous Metals So-
cietyof China. 2013;23(6):1595-1601. https://doi.
org/10.1016/S1003-6326(13)62636-9

21.Jiang J., Wang Y., Chen G., Liu J., Li Y., Luo S.
Comparison of mechanical properties and micro-
structure of AZ91D alloy motorcycle wheels formed
by die casting and double control forming. Materi-
als & Design. 2012; 40: 541-549. DOI: 10.1016/j.
matdes.2012.04.029

22.Jiang X., Liu H., Lyu R., Fukushima Y., Kawada N.,
Zhang Z., Ju D. Optimization of Magnesium Alloy
Wheel Dynamic Impact Performance. Advances
in Materials Science and Engineering. 2019; 1-12.
DOI: 10.1155/2019/2632031

23. Jiang X., Lyu R., Fukushima Y., Otake M., Ju D.Y.
Lightweight design and analysis of automobile wheel
based on bending and radial loads, IOP Conference Se-
ries Materials Science and Engineering. 2018; 372(1):
1-7. DOL: 10.1088/1757-899X/372/1/012048

24. Wang Y.C.,Li D.Y., Peng Y.H., Zeng X.Q. Numeri-
cal simulation of low pressure die casting of magne-
sium wheel, The International Journal of Advanced
Manufacturing Technology. 2007; 32: 1-4. DOI:
10.1007/s00170-005-0325-1

25.Zhang C., Fu Y., Wang H., Hao H. Multi-objective
optimization of process parameters during low-pres-
sure die casting of AZ91D magnesium alloy wheel
castings. China Foundry. 2018; 15: 327-332.

26.Zhang Z., Zhang Y., Zhang H., Pan A., Liu J.
Research on die casting process of magnesium
alloy motorcycle wheel based on new engineer-
ing construction, Journal of Physics: Conference.
2019; 1302(4): 1-7. DOI: 10.1088/1742-6596/
1302/4/042024

27. Aghion E, Bronfin B, Eliezer D. The role of the
magnesium industry in protecting the environ-
ment. Journal of Materials Processing Technology.
2001; 117(3): 381-385. https://doi.org/10.1016/
S0924-0136(01)00779-8

28. Froes F.H., Eliezer D., Aghion E. The science, tech-
nology, and applications of magnesium. JOM. 1998;
50(9): 30-34.



Advances in Science and Technology Research Journal 2023, 17(6), 245-253

29.Pan B.S., Gong H.L., Peng T.H., Zhang M. Mag-
nesium alloy material substitution redesign method
for wheels of electric bicycle. Advanced Materials
Research. 2009; 69-70: 631-635. DOI: 10.4028/
www.scientific.net/ AMR.69-70.631

30.Kawalec A., Oczos K.E. Light Metal Forming,
PWN Publisher. Warsaw 2012.

31.Jiang.J, Nie X., Wang Y., Yang J. Microstructure and
mechanical properties of AM50A magnesium alloy
components prepared by die casting and double con-
trol forming. Advances in Mechanical Engineering.
2014; 6: 1-11. DOI: 10.1155/2014/450826

32.Kumar D.S., Suman K.N.S. Selection of Magne-
sium Alloy by MADM Methods for Automobile
Wheels. International Journal of Engineering and
Manufacturing. 2014; 4(2): 31-41. DOI:10.5815/
jem.2014.02.03

33.Naim A., Kumar R., Bhatia S. A review pa-
per on materials used for manufacturing of al-
loy wheels. IOP Conference Series Materials
Science and Engineering. 2021; 1136(1): 1-10.
DOI:10.1088/1757-899X/1136/1/012006

34.Ang H.Q., Zhu S., Abbott T.B., Easton M.A.
High-Performance Mg—-4AIl-4RE (RE = Ce-
rium and Lanthanum) Die-Casting Alloy. Mag-
nesium Technology. 2022; 61-67. https://doi.
org/10.1007/978-3-030-92533-8 11

35. Braszczyska-Malik K.N. Mg-Al-RE Magnesium
Alloys for High-Pressure Die-Casting. Archives of
Foundry Engineering. 2014; 14(2): 49-52.

36. Rzychon T., Kietbus A., Cwajna J., Mizera J. Mi-
crostructural stability and creep properties of die
casting Mg—4Al-4RE magnesium alloy. Materi-
als Characterization. 2009; 60(10): 1107-1113.
DOI:10.1016/j.matchar.2009.05.014

37.QiY., Wang H., Chen L., Zhang H., Chen G., Chen
L., Du Z., Preparation and mechanical properties of
ZK61-Y magnesium alloy wheel hub via liquid forg-
ing —isothermal forging process. Metals. 2020; 10(3):
1-19. https://doi.org/10.3390/met10030385

38. Friedrich H.E., Mordike B.L. Magnesium tech-
nology: Metallurgy, Design Data, Applications,
Springer Berlin, Heidelberg. 2006. https://doi.
org/10.1007/3-540-30812-1

39. Ryspaev T., Trojanova Z., Padalka O., Wesling
V. Microstructure of superplastic QE22 and EZ33
magnesium alloys. Materials Letters. 2008; 62(24):
4041-4043. DOI:10.1016/j.matlet.2008.05.063

40. Bazhenov V.E., Koltygin A. V., Sung M.C., Park S.H.,
Titov A.Y., Bautin V.A., Matveev S.V., Belov M.V,
Belov V.D., Malyutin K.V. Design of MgZnSiCa
casting magnesium alloy with high thermal conduc-
tivity. Jurnal of Magnesiumand Alloys. 2020; 8(1):
184-191. DOI:10.1016/j.jma.2019.11.008

41. Rzychon T, Kietbus A. Microstructure of WE43 casting
magnesium alloy. Journal of Achievements in Materials
and Manufacturing Engineering. 2007; 21(1): 31-34.

42.LiZ.,LuoA.A., Wang Q., Peng L., Zhang P. Fatigue
properties of cast magnesium wheels. Metallurgi-
cal and Materials Transactions. 2016; 47(8): 4239-
4257. DOI: 10.1007/s11661-016-3550-3

43. Wang Q., Zhang Z.M, Zhang X, Yu J.M. Precision
forging technologies for magnesium alloy bracket
and wheel. Transactions of Nonferrous Metals Soci-
ety of China. 2008; 18(3): 205-208. DOI:10.1016/
S1003-6326(10)60203-8

44. Sliwa R.E, Balawender T., Hadasik E., Kuc D., Gon-
tarz A., Korbel A., Bochniak W. Metal forming of
lightweight magnesium alloys for aviation applica-
tions. Archives of Metallurgy and Materials. 2017,
62(3): 1559-1566. DOI: 10.1515/am-2017-0239

45. Hadasik E., Kuc D. Obrébka plastyczna stopow mag-
nezu. Obrobka Plast Metali. 2013; 24(2): 131-146.

46. Wang Q., Zhang Z.M., Zhang X., Li G.J. New extrusion
process of Mg alloy automobile wheels. Transactions
of Nonferrous Metals Society of China. 2010; 20(5):
599-603. DOI: 10.1016/S1003-6326(10)60546-8

47.Zhao X., Gao P., Zhang Z., Wang Q., Yan F. Fa-
tigue characteristics of the extruded AZ80 auto-
motive wheel. International Journal of Fatigue.
2020; 132: 1-29. http://dx.doi.org/10.1016/].
ijfatigue.2019.105393

48. Zhao X.,GaoP.,ChenG.,Weil.,ZhuZ.,Yan F., Zhang
Z., Wang Q. Effects of aging treatments on low-cycle
fatigue behavior of extruded AZ80 for automobile
wheel disks. Materials Science & Engineering. 2021;
799: 1-13. DOI: 10.1016/j.msea.2020.140366

49.Liu B., Yang J., Zhang X., Yang Q, Zhang J, Li X.
Development and application of magnesium alloy
parts for automotive OEMs: A review. Journal of
Magnesium Alloys. 2023; 11(1): 15-47. https://doi.
org/10.1016/j.jma.2022.12.015

50.Rivers G. Cyclic fatigue behaviour of wrought
AZ80 magnesium alloy from forged automotive
wheel. Master Thesis - McMaster University - Ma-
terials Science and Engineering. 2011.

51. Wang J., Yang F., Ma J., Zhang T., Cao H., Che X,
GengL.,Zhang Z., Wang Q., Yang Y. Effects of ageing
on low-cycle fatigue (LCF) properties of AZ80 mag-
nesium alloy wheel hub. Materials Research Express.
20205 7(9): 1-9. DOI 10.1088/2053-1591/abb0ae

52.Fujita M., Sakate N., Hirahara S., Yamamoto Y.
Development of magnesium forged wheel. SAE
Transactions. 1995; 104(5): 327-331. https://doi.
org/10.4271/950422

53.Kainer K.U. Magnesium — alloys and tech-
nology. Magnes — Alloy Technol. 2003. DOI:
10.1002/3527602046

253



