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Abstract: From the last few years it can be easily noticeable that the liking of magnesium and its alloy has increased in many 

industries. The maximum interest is noticed in automobile industries because of low weight of magnesium. But in addition to this 

it also has many other applications which are discussed in this paper. The study of machining of magnesium is very important for 

researchers and industries. In this paper the main topic on machining of magnesium is introduced. Some applications and 

properties of magnesium is also discussed to give overview of magnesium. Some experiments on drilling, turning, milling processes 

are also reviewed. At the end the conclusion of this paper is given. 

Key Words: Magnesium Alloys, Machining, Turning , Milling , Drilling

Introduction 

Magnesium and its alloys are the lightest as compared with all other metals. It has very impressive properties. It is 

as light as plastic and as tough as metal. Some other properties are good machinability, high specific toughness and 

rigidity, weld ability and cast ability. Due to these impressive properties its liking is increasing in the industries. 

The main reason for its increasing usage is its light weight and high tensile strength as compared to steel and 

aluminum. The Fig. 1 shows the increase in number of articles which are published with the name magnesium 

alloys in their abstract.  

 

Fig1. number of articles with magnesium as abstract in recent years. 
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Properties 

The structure of magnesium is HCP i.e. hexagonal closed packed or hexagonal crystal structure. This is the main 

reason that magnesium cannot be easily deformed at room temperature. The alloys formed in between the range of 

340 – 510 degree Celsius. The difficulty of cold forming is the main reason that casting becomes suitable for 

producing magnesium pieces. The atomic number of magnesium is 12 and it is the lightest of all engineering 

metals, having density of 1,7g/cm3. It is two-third of that of aluminum and one-fourth of iron. 

As the mechanical properties plays very crucial role in machining so Table1.shows some of the properties of 

magnesium and its alloys with comparison of other metals. 

 

Table 1showing mechanical properties of magnesium compared with other metals. 

In addition to mechanical properties the properties related to temperature are very crucial as the change in 

temperature also effects the production as well as results of machining process. So the Table 2.shows some of the 

thermal properties of magnesium alloys. 

 

Table 2Thermal properties of magnesium 
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Magnesium alloys have many advantages as well as it also has some disadvantages also. Table.3 shows some of the 

advantages as well as disadvantages[9,15]. 

 

Table 3 Advantages and disadvantages 

Applications: 

To give some overview some applications of magnesium alloys are discussed below: 

1. Automotive Industry: 

The main reason for usage of magnesium in this sector is because of low density. As there is a need 

To reduce the weight of automobiles to have fuel efficiency, many automobile industries are showing interest in 

magnesium.  

As per the studies in the past most trusted automotive industry Volkswagen used magnesium in one of its car 

named Volkswagen Beetel. After that in addition to this many other automobile industries like Audi, BMW, Toyota, 

Porsche and Ford also used magnesium in some of its parts.Table 4.shows the usage of magnesium in parts of 

automobiles. 
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Table 4 Usage of magnesium in automobile parts 

2. Aeronautics/ Defense 

in aeronautics is limited to the engines and transmission because of the cost factor. The main example of usage of 
magnesium in aeronautics is WE43 alloy of the transmissions for the MD500 and MD600 helicopters [5] and QE 
alloy in the nose wheel fork in the Jaguar fighter [4]. The alloy of magnesium is also used in gearboxes especially in 
aircrafts. 
 
3. Medical Treatments: 
The usage of magnesium is also in applications of medicals because of its low weight. Magnesium has been used in 
varioustransplants in humans as well as animals [19]. 
 
4. Electronic Industry: 
Magnesium has also been used in electronic devices such as covers of mobile phones, cameras, mini disc players 
etc. 
 
 
Machining of Magnesium 

 
Firstly, the meaning of machinability is the ability of material to machine or the ease of machining a metal. Cutting 
forces such as power consumption and shape of chips are generally taken in defining machinability. There are 
some properties which makes magnesium better metal to machine as compared to other. The main properties are 
cutting speed, tool life, chip formation, depth of cut, cutting forces and surface finish. 
Anil Chandra and Surrapa [1] influenced the geometry of the tool specially the rake angle in turning of magnesium. 
The cutting energy of magnesium used in magnesium machining is also very low as compared to other metals like 
aluminum, iron. This property of magnesium alloys the usage of deep cuts and more feed rate. The speed of cutting 
is also very largeas compared with other metals. The Figure 2 shows the cutting speed with comparison to other 
metals. 



          International Research Journal of Engineering and Technology (IRJET)          e-ISSN: 2395 -0056 

               Volume: 03 Issue: 05 | May-2016                       www.irjet.net                                                               p-ISSN: 2395-0072 

 

© 2016, IRJET       |         Impact Factor value: 4.45        |       ISO 9001:2008 Certified Journal       |      Page 2115 

 

 
 

 
Vsv 

 

 

 

A 
 

Fig2 Cutting speed with comparison to other metals 

According to Byrene et al[3]it is possible to have cutting speed 4000-6000 m/min and feed per tooth of .6mm in 

milling, 1000m/min and .8mm/rev in drilling. One of the alloys of magnesium named AZ91 HP is abrasive free and 

has very little vulnerability to adhesion in surface of tool.   

The generation of burrs is also one of the aspects to be considered during machining of magnesium. The burrs are 

caused by different factors such as tool geometry, tool wear, machining parameters, tool path. Moderate cutting 

speed is recommended in case of face milling [11]. 

Review of Experiments 

In this article the main experiments which are performed on magnesium are reviewed. At the end of the article 

summary of each article is also given in form of tables. The three main processes discussed are – Turning, Milling 

and Drilling. 

1. Turning 

1. Tonshoff and Winkler [20]: They worked on magnesium alloy named AZ91 HP and studied the effect of tool 

coating. Mean roughness depth is used to evaluate roughness. It has been observed that tools coated with PCD 

gives best consequences as compared to uncoated and tools coated with TIN. The cutting speed taken is 

2400m/mm; depth of cut was 1.5mm and the feed rate was .4mm/rev. 

2. Tomac and Tonnessen [16]: They studied the use of cutting fluid based on water and concluded that it reduces 

the temperature and prevents building of flanks. It was also concluded that use of cutting fluids at low and medium 

cutting speed can give bad effects causing wear of tools and bad roughness of surface. 
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3. Pu et al [13]: he worked on turning process of AZ31 B and concludes the influence of environment. The value of 

surface roughness observed was .2um. This is even worst ad compared to dry machining. 

4. Wojtowicz et al [17]: He worked on turning process of Electron21 an alloy of magnesium. He concluded that 

rate of feed, radius of tool nose and interaction of both are significant factor. 

5. Kurihara et al [10]: He worked on AZ31 and AZ80 alloys with machining in dry condition by the application of 

thermocouple method. He concludes that by increasing cutting speed the temperature also increased and reached 

up to 500 degree Celsius. 

 

Table 5Conclusion of work on drilling process 

2. Drilling 

1. Wangetal [18]: He worked on AZ91 and evaluates the tool wear in dry machining. The main mechanism 

identified was adhesive, abrasive and diffusion wear. They may be used to select cutting parameters. 

2. Gariboldi and Bhowmick et al [8]: He worked on drilling process of AM60 B and AM60 and identifies the 

adhesion on the edge of tools. They show that using the minimum quantity of lubrication, good outcomes are found 

as compared to dry machining. 

3. Bhowick and Alpas [2]: They worked on the drilling of AZ91 magnesium alloy. They shows that the usage of 

MQL along with diamond coated HSS tool offers result same as obtained when using HSS under flooded conditions. 
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Table 6 Conclusion of work on turning process 

Milling: 

1. Fang et al [6]: He worked on the evolution of temperature in case of AZ91 alloy and shows thatthere is an 

increase temperature with increase in cutting speed and with decrease in chip thickness. 

2. Pedersen and Ramuler [12]: They worked on the facing process of ZK60 A-T5 alloy matrix with 20 vol% SiC 

particle with 3-4 um dia. They concluded the recognition of abrasion on tool flank as themainmechanism of tool 

wear. 

3. Salahashoor and Gua [14]: They studied the milling of Mg-Ca alloy with Ca% of .8% with PCD tool. They show 

that sparks did not occur while working with large cutting speed in the process. 
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Table 7 Conclusion of work on milling process 

Conclusion:  

It is to be concluded that magnesium because of its impressive properties it is being used in many industries for 

example: automobile industry, aeronautics industry, electronic industry etc. it has good mechanical as well as 

thermal properties which makes its machining easy. To conclude the results of experimental review some points 

are given below: 

1.Turning: It is concluded that machining conditions such as feed rate and cutting speed shows more effects on 

results. The usage of large cutting speed shows good outcomes but in addition to this it has the risk of increase in 

temperature. In addition to this the use of lubrication was also discussed and it also shows effects on the final 

result of the process.  

2. Drilling: The three principle wear mechanism i.e. abrasive, adhesive and diffusion were identified. Then some 

results after using lubricants were also discussed. 

3. Milling: The consequence of cutting speed on the temperature was discussed. In addition to this, the scratch on 
the tool flank was found as the major factor of wear in milling.
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