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Abstract 

 

Gravity die casting is a repeatable casting process used for non-ferrous alloy parts like aluminium, zinc and copper base alloys. 

This process is widely used for casting various aluminium alloys. Aluminium Alloys are used in many ‘marine castings’, motor 

vehicle, railway coaches, thin section castings, aircraft fittings and control parts, and for very large aluminium castings. These 

applications demand the study of techniques to improve mechanical properties and grain structure of these alloys. Present 

experiment work shows the effect of mechanical vibration on grain size, inner defect, and mechanical property of aluminium 

alloys. As a result, this review will provide the improvement in mechanical properties and grain structure of LM-25 alloy by 

applying mechanical vibrations during the gravity die casting process of alloy. 

Keywords: Gravity Die Casting, Mould, Mechanical Vibration, Aluminium Alloy, Microstructure, Ultimate Tensile 

Strength 

_______________________________________________________________________________________________________ 

I. INTRODUCTION 

Gravity die casting method is competitive casting method when production quantity is relatively small or when heat treatment is 

needed to improve the mechanical properties. This casting method gives better tolerances and surface finish than sand casting. 

The tooling costs are somewhat higher than by sand casting. 

In gravity die casting molten aluminium is poured into a metallic tool. The casting temperature is about 750°C. The tolerances 

and surface finish are good. The use of sand cores in gravity die casting enables casting of very complex components. 

 A metal die is manufactured, usually in 2 parts, to form a mould. 

 The mould is heated and a lubricant is sprayed into it to assist in controlling temperature and in removal of the casting. 

 Molten metal is poured into the mould. 

 Once solidified, the die is opened and the casting removed either by hand or with the use of pins in automated processes. 

 Excess material including the gate, runners, sprues and flash can be removed using a trim die in a power press or by hand. 

 Scrap metal is then re-used in the production cycle by re-melting. 

 
Fig. 1: Gravity Die Casting Process 
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II. LITERATURE REVIEW 

In 2010, Naoki Omura, Takuya Tamura1, Kenji Miwa, Hideki Furukawa, Masayuki Harada and Tadatsugu Kubo[5], Gravity die 

casting of AC4C aluminum alloys with mechanical vibration was carried out to investigate the effects of vibration on the 

macrostructures, internal defect and mechanical property. The area of columnar structure expanded and the grain size of 

columnar structure decreased by the addition of the vibration. The internal defect of specimen reduced at the vibration frequency 

of 70Hz or less. However, the internal defect increased when the vibration frequency was 80 Hz or more. The specimens cast at 

vibration frequency of 70 Hz showed higher and less scattered UTS compared with the specimens cast at other vibration 

conditions. Furthermore, the UTS of specimen vibrated at 70 Hz was independent of the mold temperature. 

In 2009, Naoki Omura, Yuichiro Murakami, Mingjun Li, Takuya Tamura, Kenji Miwa, Hideki Furukawa, Masayuki Harada 

and Mitsuyoshi Yokoi [6], Mechanical vibration was imposed on the gravity die casting of AC4C aluminum alloys. The effects on 

the macrostructure, the casting defect, and mechanical properties were investigated. The grain size in the inner area of columnar 

rod tends to decrease by the imposition of the mechanical vibration. Furthermore, the inner casting defects reduce and become 

smaller. As a result, the scattering of the mechanical properties of specimens cast with vibration decrease remarkably, and the 

elongation slightly increases. 

In 2009, A. Chennakesava Reddy, Ch. Rajanna [1], In the gravity die casting process the metal enters the mould under gravity. 

The pouring of molten metal into the mould and its subsequent filling are quite critical steps in metal casting, since the behavior 

of the liquid metal and its freezing determine whether the cast shape will be properly formed and free from defects. In the present 

work, the Al-Si-Mg alloys are considered to investigate the casting and mechanical characteristics with respect to gravity die 

casting process. The following areas have been identified and selected for the analysis of gravity die casting process from Al-Si-

Mg alloys: The solidification time of these alloys in the die casting process mould increases with increase in the pouring 

temperature of melt, decreases with increase in the pre-heat temperature of mould. It has been found that the Si content in the 

alloy reduces the freezing range whereas the Mg content widens it. Sufficient degasification of the melt improves the 

solidification process. 

In 2013, P. Sujith Kumar and E. Abhilash and M. A. Joseph [7], This investigation is a modest attempt made to understand the 

effect of vibration on α-aluminium dendritic morphology and porosity in gravity die cast A356 aluminium alloy solidified under 

air cooling (35oC) and furnace cooling (600oC to 35oC) atmosphere. Considerable change in Secondary Dendrite Arm Spacing 

(SDAS) is observed according to the change in cooling atmosphere which is characterized in terms of local solidification 

time/cooling rate. The SDAS value predicted with an available dendritic criteria function is found to be varied from that of 

experimental studies. The effect of low frequency vibration (15 Hz, 1 mm amplitude) on solidified alloy, quantified in terms of 

SDAS, is found to be much significant in the case of air cooling atmosphere compared to that in furnace cooling atmosphere. 

The reduction in porosity observed in the castings solidified under mould vibration asserts the advantage of using mechanical 

vibration in gravity die casting. 

In 2016, Kishor Pawar, Amitesh Kumar [4], The objective of the research is to understand the effect of ultrasonic mould 

vibration on mechanical properties and microstructure of pure aluminium during solidification. In the present work, effect of 

ultrasonic vibrations to the mould during solidification of commercially pure aluminium and their effect on microstructure and 

mechanical properties were studied. Microstructure and mechanical properties were also compared with casting without mould 

vibration. Grain refinement and increase in mechanical properties obtained due to the ultrasonic vibration of mould. The purity 

of aluminium sample considered for the research was found to be 96.89%, and the range of ultrasonic vibration was kept 

between 20 KHz to 30 KHz. The casting was done in stainless steel mould of thickness less than 0.5 mm. It was found that the 

ultrasonic mould vibrated casting has fine grain and improvement in mechanical properties as compared to the casting without 

ultrasonic mould vibration. 

In 2016, Adnan Mehmood, Masood Shah, Nadeem Ahmed Sheikh,Junaid Ahmad Qayyum, Shahab Khushnood [3], Sloping 

plate flow is used for enhancement of material properties through grain refinement in gravity die casting of Aluminum alloy 

ASTM A356. The specimens obtained are then tested for tensile strength and elongation. Microstructure of the cast specimens is 

observed and conclusions drawn on the grain size and precipitate morphology as a function of angle of sloping plate. Analysis is 

presented for the boundary layer created while the material flows over the plate. An indication of the boundary layer thickness is 

determined by measuring the thickness of the residual metal layer on the plate after casting. An analytical solution of the 

boundary layer thickness is also presented. It is shown that the calculated boundary layer thickness and the thickness of the layer 

of material left in the channel after casting are in good agreement. Moreover, microstructure examination and tensile tests show 

that best properties are achieved with a 60 degree sloping plate. 

In 2014, Senthiil, P. V., M.Chinnapandian, Aakash Sirusshti [9] , The optimization procedure has been made to study the effect 

of die casting process parameters on casting density. Generally when the casting density is higher, internal defects such as blow 

holes and porosity is eliminated. So, the basic idea is to provide a decision tool for setting optimum parameters so that the defects 

occurring in the casting is reduced. Metal temperature-680ºC, Die holding time -10 seconds. 

In 2016, Vasdev Malhotra, Yogesh kumar [10], After the application of various optimization techniques and process we still are 

not able to get the defect free castings. So it is critically important to analyze the root cause of casting defect with in the process 

itself, so that any changes which can hamper the defect intensity can be invoked at the time of manufacturing or foundry shop 

production. The gravity die casting process is governed by its process parameters so it is required to study its process parameters 
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and its effects. The defect free casting although not practically possible but still at a greater extent of defects can be minimized 

by using optimum values of process parameters which can affect the casting process considerably. 

In 2013, Ashwe Abugh, Ikpambese Kumaden Kuncy [2], A number of methods utilizing external forces have been applied to 

induce fluid flow during solidification of molten metal in casting and welding processes. These include mould rotation, 

mechanical vibration and electromagnetic stirring. Many articles describe the benefits of vibration during casting and welding on 

microstructure and mechanical properties of castings and weldments. In this paper, these effects are reviewed and discussed to 

provide a better understanding of the processes. Understanding of these processes and application of the procedures offer 

extensive scope for significant cost savings in design and fabrication of cast and welded products. 

In 2016, ViralKumar R. Patel [8], in his experiment on effect of mold vibration on microstructure and mechanical properties of 

gravity die casting of LM13 alloy, the following observations were made: 

1) Mould vibration of different frequency generates an equal distribution of silicon particles in aluminium alloy structure; 

Mechanical mould vibration has a significant effect on the alternative layer of eutectic silicon particles in eutectic 

aluminium-silicon alloys. The eutectic silicon particles show considerable modification and their distribution tends to 

become more uniform when the casting is solidified with vibration. 

2) Melt treatment along with vibration shows modification in size of eutectic silicon & refinement of α-Al dendrites of 

eutectic Al-Si alloy. 

3) Highest tensile strength and impact strength is achieved at vibration frequency of 15 Hz. 

4) Highest hardness of specimen is achieved at vibration frequency of 15 Hz. 

5) Mould vibration during solidification is an effective way for grain refinement of α-Al dendrites & modification of eutectic 

Si by promoting nucleation due to: 

 Vibration affects the solidification rates and its characteristics; 

 Vibration has an influence on mechanical properties; 

 Vibration increases heat transfer in the liquid. 

III. CONCLUSION 

After studying above literature review it may be concluded that the effect of mechanical vibrations on various aluminium alloys 

under gravity die casting process can be observed as the mechanical properties like ultimate tensile strength (uts) and Hardness 

are increased at a particular frequency of vibration, further it can be observed that the micro grain structure of the aluminium 

alloy has improved at a particular frequency of vibration, the grain size has reduced and fine grain structure has obtained. 

Hence an experiment can be conducted on various other aluminium alloys to check the effect of mechanical vibration on their 

properties and grain structure. Also there has been very few studies and experiment in this field. Also such experimental study 

can be carried out on other materials casted by gravity die casting process 
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